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The present invention generally relates to an image defect
orrecting circuit for a solid state imager which corrects
mage defect involved in an ouﬁput image of a solid state image
ickup element. More particularly, this invention relates to
n image defect correcting circuit for a solid state imager in
hich an image defect involved in an output image of a solid
tate image pickup element is corrected in accordance with an
mage defect position information generated on the basis of an
utput of the solid state image pickup element.

escription of the Prior Art

Of pixels (picture elements) of a.solid state image pickup
lement, a pixel, which is not operated normally due to lattice
efect or the like, is what might be called a blemish. Of the
lemishes, a blemish produced by a pixel which generates a
arée voltage as compared with other normal pixels, is called a
hite blemish, while a blemish produced by a pixel which
enerates a small voltage or which produces substantially no
oltage as-compared with other normal pixels, is called a black
lemish.

Figs. 1A to 1F show, when an iris of a so-called three CCD
charge coupled device) type television camera is closed,
espectively, its solid state image pickup elements r, g and b
nd red, green and blue video signals Vr, Vg and Vb output from
hese solid state imaée pickup elements r, g and b.

As 1s clear from Figs. 1A to 1lF, since the solid state
Mage pickup elements g and b shown in Figs. 1C and lE have qa ’-

lemish, the video signals Vg and Vb from these SOlLd state’ LR
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an iris of a so-called three CCD (charge coupl ed device) type television

camer agblid axete image pickup element r shown in Fig. 1A has a white
blemish at a position shown by a solid arrxow in Fig. 1lA.
Accordingly, as shown in Fig. 1B, in the video signal Vr from
lhis solid state image pickup element r, the level thereof
becomes high at the position of the video signal Vr
.corresponding to the pixel shown by the solid arrow in Fig. 1A.

| Figs. 2A to 2F show, respectively, solid state image

pickup elements r, g and b and red, green and blue video
signals Vr, Vg and Vb output from these solid state image

pickup elements xr, g and b when the three CCD television camera

similarly to Fig. 1 is used and a white diffusion plate

-ty

(illuminated in the direction opposite to the camera pick up
direction by an_illgmination and this condition will not be.
changed in the following description) is plcked up by this
teleVisién camera.
As is clear from Figs. 2A to 2F, since the solid state
) image plckup elements g and b shown in Flgs. 2C and 2E have no
blemish, levels of video signals Vg and Vb from these solid
state image pickup elements g and b are equal to levels in
which the respective solid state image pickup elements are
illuminated on their whole surfaces with a light of uniform
5 brightness. On the othe; hand, the solid state image pickup
element r shown in Fig. 2A has a black blemish at a position
shown by a solid arrow in Fig. 2A. "Accordingly, in the video
signal Vr from this solid state image pickup element x, as
shown in Fig. 2B, regardless of the fact that the solld state

10 lmage pickup element r is 1llum1nated on 1ts entlre*surfaee }
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ﬁmhﬂs ta%_ nmage pi ckup elenments r, g and b and red,
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condrtton suc i s I ncident
of the video signal Vr corresponding to a pixel shown by the

solid arrow in Fig. 2A becomes substantially zero.

When a video signal from the television camera having
incorporated therein the so;id state image pickup elements
having white and black blemishes shown in Figs. 1A to 1F and
Figs. 2A to 2F is supplied to and displayed on a monitor
receiver, if an iris of the television camera is closed, a
white blemish is displayed on the picture screen of the monitor
receiver. When the white diffusion plate, for example is
picked up by the television camera, a black blemish is
displayed on the picture screen of the monitor receiver.

It is substantially impossible to perfectly prevent white
and black blemishes of the solid state image pickup element
‘from occurring in the manufacturing-process of the solid state
image pickup element. Further, even in the solid state image
pickup element where no blemish.is discovered in the
manufacturing-process, it is frequently observed'that a white
or black blemish occurs in such solid state image pickup
element during such solid state image pickup element is.
fabricated into a housing of a television camera and is used as
the television camera.

Conventionally, as is well known from, for example,
Japanese Patent Published Gazette No.60-34872 the detection of
blemish is cérried out on each solid state image pickup
element, the position of the detected blemish in the solid
‘State image pickup element is detected, and data indicative of
the position of blemish is written in a read only memory (ROX).
Then, the solid state image pickup element and the ROM are

incorporated into the camera apparatus so that, when they are

&
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corresponding to the pixel shown by the solid arrqw in Fig. : Fi gs.
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t heg eon as shown in Figs. 1D and 1F. On the other hand, the solid state
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video signal output from a pixel having a blemish is

interpolated by using output data from other normal pixels.

Incidentally, according to the method in which the solid

eTyw

state image pickup element is inspected independently and
address of defective pixel is written in the ROM, the solid
state image pickup element and the ROM therefor must be-

constantly administered perfectly as a pair.-

B 2

Further, when a new blemish occurs after the solid state
image pickup element and the ROM as a pair are incorporated
into the housing of the camera apparatus and bought by the user
as the television camera, such camera apparatus is returned

from the user, the solid state image pickup .element and the ROM

7 oy

are again disassembled from the housing of the camera
apparatus, and the solid state image pickup element is
inspected to detect a defective pixel and an address thereof.
if the RbM is a so-called one-time Rou, a new ROM is prepared
and if the ROM is an EPROM (electrically programmable ROM), all
data are erased and addresses of all defective pixels detected
E are written in the EPROM. Then, such solid state image pickup
" element and the ROM as a pair are assembled into the housing of

the camera apparatus and returned to the user.

As described above, in the conventional image defect
correcting apparatus, a corresponding relation between the
solid state image pickup element and the ROM must be

administered, and when new black blemish or new white blemish

Occurs after the assembly-process, the solid state image pickup
elenent and the ROM must be disassembled from the housing of

the camera apparatus and data must be changed. Then, they must
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Accordingly, it is an object of the present invention to
; provide an improved image defect correcting circuit for a solid
| state imager.in which the aforenoted shortcomings and
disadvantages encountered with the prior art can be
substantially eliminated.
More specifically, it is an object of the present
) invention to provide an image defect correcting circuit for a
solid state imager in which, even when a new crystal defect
occurs in a solid state image pickup element, an image defect
involved in an output image from that solid state image pickup
element can be corrected satisfactorily.
i It is another object of the present invention to provide
an image defect correcting circuit for a solid state imager in
which, when an image defect involved in an output image from a
solid state imdge pickup element is corrected by an
interpolation processing, a deterioration of image quality at
the corrected portion can be suppressed to the minimum.
According to a first aspect of the present invention, an
image defect correcting circuit for a solid state imager is
comprised of a comparator for comparing levels of output
signals of pixels of a solid state image pickup element

illuminated on its whole surface with a light of uniform

brightness with a predetermined level, a position data
generating circuit for generating data indicative of a position
of a pixel which outputs a signal of peculiar level on the
basis of the comparéd result of the comparator, an

interpolating circuit for interpolating an output signal from
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data generated by the position data generating circuit by using
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output signals of other pixels and a change switch for
selectively outputting the output signals of respective pixels
; and an output signal of the above interpolating circuit on the
| basis of an output signal from the position data generating
circuit.

As a second aspect of the present invention, an image
defect correcting circuit for a solid state imager is provided,
! in which a video information corresponding to a position of a
defective pixel of a plurality of pixels of the solid state
image pickup element is generated on the basis of a video

information from pixels located at other positions according to

"ty s

an interpolation processing. This image defect correcting
circuit for a solid state imager is comprised of a comparator

for comparing levels of video signals derived from a plurality

S ReETIE W

of pixels located in the vicinity of the defective pixel, a.

selecting circuit for selecting the video information of the

e aen

pixel used in the interpolation processing on the basis of the
compared result from the comparator and an interpolating |
circuit for generating the video information corresponding to
the position of the defective pixel on the basis of the video
information of the pixel selected by the selecting circuit

according to the interpolation processing.

The above, énd other objects, features and advantages of
the present invention will become apparent in the following
detailed description of illustrative embodiments thereof to be
read in conjunction with the accompanying drawings, in which
like reference numerals are used to identify the same or

Similar parts in the several views.
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solid state image pickup element;

Figs. 2A to 2F are schematic diagrams, respectively, used
to explain a black blemish involved in an output image from a
solid state image pickup element;

Fig. 3 (formed of Figs. 3A, 3B and 3C drawn on three
sheets of drawings so as to permit the use of a suitably large
scale) is a block diagram showing a first embodiment of an
image defect correcting circuit for a solid state image pickup
element according to the present invention;

Figs. 4, 5, 6 and 7 are flowcharts, respectively, to which
references will be made in explaining operation of the image
defect correcting circuit for a solid state imagér shown in
Fig. 3;

Fig. 8 is a schematic diagram used to explain an
interpolation'processing done by a conventional image defect
correcting circuit for a solid state imagef;

Fig. 9 is a schematic block diagram showing a second
embodiment of the image defect correcting circuit for a solid
state imager according to the present invention;

Fig. 10 is a schematic diagram showing a strﬁcture of a
solid state image pickup element which supplies a video signal
to the image defect correcting circuit for a solid state imager
°f the present invention;

Fig. 11 is a s;hematic diagram showing in detail an
interpolation information generating means used in the image

adefect correcting circuit for a solid state imager according to

~
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: he Present invention shown in Fig. 9;
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solid state image pickup element which supplies the video
signal to the image defect correcting circuit for a solid state
imager shown in Fig. 9;

Fig. 13 is a table to which references will be made in
explaining oﬁeration of a decoder shown in Fig. 11;

Figs. 14A and 14B are diagrams schematically showing
stripe patterns in the horizontal direction picked up by the
pixels near the defective pixel of the solid state image pickup
element shown in Fig. 12, respectively;

Figs. 15A, 15B and 15C are diagrams, respectively,
schematically showing stripe patterns oriented in the upper
left direction picked up by the pixels near the defective pixel
of the solid state image pickup element shown in Fig. 12;

4

Figs. 16A, 16B and 16C are diagrams, respectively,

schematicaliy showing stripe patterns oriented in the upper

right direction picked up by the pixels near the defective

pixel of the solid state image pickup element shown in Fig. 12;

Figs. 17A and 178 are diagrams, respectively,
schematically showing stripe patterns in the vertical direction
picked up by the pixels near the defective p;xel of the solid
state image pickup element shown in Fig. 12;

Fig. 18 is a block diagram showing in detail a defect
position detecting means used in the:image defect correcting
Circuit for a solid state imager shown in Fig. 9;

Fig. 19 is a biock diagram showing a third embodiment of
the image defect correcting circuit for a solid state imager

According to the present invention; and

Fig. 20 is a block diagram showing a fourth embodiment of



Japanese Patent P I§§h_ Gazette No. 60- 34872 the detection of blemsh is

carried out on each . lacefnge pi ckup el ement, the position of the
detected bl em sh i ﬂ I tate inage pickup elene Itiikis - detectqa b
i[Hli of blemi%h is witten ug_a read . onLy"

data indicative of

menory (ROM . Then, the solid state inage pickup el enen
i ncorporated into the canera apparatus so that, when they are
.he image defect correcting circuit for a solid state imager

écording to the present invention.
A

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described in detail with
reference to the accompanying drawings.

Incidentally, Fig. 3 is formed of Figs. 3A, 3B and 3C
drawn on three sheets of drawings so as.to permit the use oﬁ a
suitably large scale, and illustrates one portion of a solid
state imager according to the present invention and an imagé
defect correcting circuit thereof. 1Initially, three modes,
which premise the éolid state imager having the image defect
correcting circuit according to the present invention and a
control system will be explained hereinafter, and then
respective sections of this apparatus will be explained.

The solid state imager having the image defect correcting
circuit according to the present invention has three modes,
such as normal image pickup mode, an image pickup mode for
detecting a defective picture element (i.e., pixel) and a
defective pixel designating mode (this mode is selected by the
user). In the normal image pickup ﬁode, a correcting circuit
system having a correcting function for correcting a defective
Pixel is operated. Further, thé solid state imager of the
Present invention has a self-test function to automatically
detect a defective p%xel during one frame period when the solid
State imager is powered. The aforenoted three modes are
Selected by the user, and if neither the image pickup mode for
detecting the defective pixel nor the defective pixel
designating mode is selected by the user, the solid state
imager is placed in the normal image pickup mode after the

Self_test is finished when being powered.



4 used as the tmisswiesiaBea®eplidd on the basis of the data indicating the

position of blems mthe ROM a video Signar?QHLH“wa&Hnl%.,
pi xel having a ble pol at ed by1Qsi ng out put até“fgégﬁdtnéﬁk““
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solid :state inmage pickup element is inspected independently and address

of defective gi&etohrsti bi@tdn +iEL REM ekBeasaleldd nestttf candBga RhEKUp
el enent and the ROMtherefor nust be constantly adm nistered perfectly as

a pair. control system, a control pulse generator 21, a RAM (random

access memory) controller 22, a microcomputer 23, a RAM 25, an
EEPROM (electrically erasable and programmable read only
memory) 24, a display section 28 and an operation section 29
are particularly associated with the above-described
three modes.

Address of blemish in the solid state image pickup element

. and data determining whether the blemish is white blemish or
black blemish checked in the ‘factory beforehand are stored in
the EEPROM 24. The microcomputer 23 having a ROM and a RAM
switches the three modés, i.e, the normal image pickup mode,
the defective pixel detection image pickup mode and the
defective pixel designating mode on the basis of a mode
selecting signal from the operétion section 29 and data stored
in the EEPROM 24 and performs the self-test when the solid
state imager is powered, thereby controlling the control pulse
generator 21. Under the control of the microcoﬁputer 23, the
control pulse geﬁerator 21 generates various control s;gﬁals on
the basis of address data from a ling counter 19 and a cell
counter 20 which will be referred to later.

The RAM controller 22 controls the RAM 25 under the
control of the microcomputer 23 so that, when the solid state
imager is actuated, data stored in the EEPROM 24 are stored in
the RAM 25, new defective pixel data is sto;ed in the RAM 25 or
that the data is updated. The switching operation of the
above-described three modes and so on are effected by the user
by Operating the operation section 29 in accordance with the
display on the display section 28.

The respective sections of this apparatus will be
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initially, this self-test will be explained when the defective
pixel detection imzze pickup mode is explained because the
circuits and the ogpszration of the self-test are substantially
the same as those ¢ the defective pixel detection image pickup

mode.

Initially, the normal image pickup modé will be explained
with reference to Pig. 3.
Referring to Fig. 3, there is shown an image pickup

optical system 1 which is composed of an iris, an iris drivirg

-
-

means for driving the iris by a drive signal CP from the
control pulse generator 21, a lens (not shown), a filter an< so
on (not shown). An image pickup section 2 is composed of thrss
solid state image pickup elements (e.g., charge coupled devicss
or the like) in which object images, which result from
analyziﬁg the image pickup light into three primary color
components such as red (R), green (G) and blue (B), are foczzzd
on the image pickup screens.

The drive operation of the image pick up section 2 will be
explained next. A sync. (synchronizing) generator 5a is
adapted to generate a reference horizontal sync. signal anc =z
reference vertical sync. signal on the basis of a reference
Clock from a clock generating circuit 4. A timing generatcr 3b
1s adapted to generate horizontal and vertical transfer pulzzs
Synchronized with the reference horizontal sync. signal anc z:e

Teference vertical sync. signal from the sync. generator 5z. &2

driving circuit 3 is adapted to respectively drive solid szz:=z

W

image pickup elerants of the image pickup section 2 on the
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Referring back to the image pickup section 2, the image

e

pickup video signals R, G and B from the image pickup section 2
are supplied through a pre-amplifier 6 and a video amplifier 7
for adjusting white balance to an analog-to-digital (A/D)
converter 8. The image pickup video signals R, G and B are
respectively converted into digital image pickup video signals
(hereinafter referred to as digital video signals) by the A/D
converter 8. The respective digital video signals R, G and B
from the A/D converter 8 are fespectively supplied to delay
devices 9, 10 and 11, each being formed of a charge coupled
device (CCD) or the like. These digital video signals R, G and
B are delayed by predetermined delay times by these delay
devices 9, 10 and 11 on the basis of the clock pulse CK from
the clock generator circuit 4 and then supplied through
switches SW2, SW3 and SW4 to output terminals TO, Tl and T2 and
also supplied through switches SW5 and SW10 to a high-pass
filter 16 which will be described later. Incidentally, the-
switches SW2.to sw4 are controlled to opened and/or closed by a
céntrol signal SCP from the control pulse generator 21. On the
“other hand, the respective digital -video signals R, G and B
from the A/D converter 8 are supplied to an AND circuit Al
through a switch S1 which is changed in position in response to
an R/G/B signal from the controi pulse generator 21. 1In this
AND circuit Al, the digiial video signals R, G and B are ANDed
wWith a power save signal COMPEN from the control pulée

9enerator 21 and which becomes active only in the

VY Poten o 0

interpolation, and fed to a interpolating circuit 12 which will

be explained later.
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when a clock enable signal ckEN from the control pulse

generator 21 is active, the interpolating circuit 12 latches
pixel data of addresses of upper left, above, upper right, left
and right of defective pixel on the basis of address data of
the RAM 25 which stores therein the contents stored in the
EEPROM 24 in the actuation of the apparatus and supplies the
latched pixel data to a |X - Y| computing device 13 and a
multplexer 15 which will be referred to below.

The |X - Y| computing device 13 produces an absolute
values of differences of the respective pixel data from the
interpolating circuit 12 and supplies the same to a comparator
14. The comparator 14 compares the respective difference
signals from the |X - Y| computing device 13 and supplies the
cbmpqred result to the multiplexer 15. The multiplexer 15
supplies, of the respective pixel data from the interpolating
circuit 12, pixel data corresponding to the compared result
signal from the comparator 14 to the switches SW2, SW3 and SW4

. as compensation pixel data of defective pixel data.
Incidentally, the detaiied arrangement of the interpolating
means including the interpolating circuit 12, the |X - Y]
computing device 13, the comparator 14 and the multiplexer 15
is substantially similar to that of an in%erpo;ation
information generating means of other embodiment which will be
described later in detail with reference to Fig. 11.

These switches SW2, SW3 and SW4 are switched by the
Switching signal SCP from the control pulse generator 21,
where_by the video signals iﬁ which the defective pixels are
Corrected are supplied to the terminals TO, Tl and T2 and also
Supplied through the switches SW5 and SW10 to the high-pass

o
N

lﬂ_filter 16 that will be described in later stage.
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defective pixel is effected as follows. When the power switch

of the solid state imager is turned ON and when the user
supplies a video signal of, for example, the solid state imager
to a monitor receiver and founds out a blemish in a picture
displayed on a picture screen of the monitor receiver, the use
operates the operation section 29 in accordance with the
display on the display section 28 and selects the image pickup
mode for detecting the defective pixel. 1In that case, a white
blemish is detected first. In any of the above-mentioned
cases, a switch change-over signal HPFSSECT from the control
pulse generator 21 controls the switching operation of the
switch SWS to select any of the video signals R, G and B from
the three solid state image pickup elements. Incidentally, the
switch change-over signal HPFSELECT may be input by, for
example, the user. The iris drive signal CP from the control
pulse generator 21 is supplied to an iris driving means (not
shown) of the image pibkup optical system 1 and close the iris
and the control pulse generator 21 generates a black/white
blemish switching signal B/W. Generally, it is known that most
of blemish occurred after the delivery of the solid state
imager from the factory is white blemish. 1In the self-test
mode after the apparatus is actuated, the detection of black .
blemish is not detected, whereas in the image pickup mode for
detecting the defective pixel, the detection of white blemish
iS-performed after the iris is closed. When the white blemish
is not detected, the user i; instructed such that a white

diffusion plate illuminated, for example, with an illumination
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light is displayed on the display section 28, thereby the
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hereinafter, and initially, the high-pass filter 16 will be
‘explained.

The video signal stored in the EEPROM 24 and in which the
portion of defective pixel is corrected is supplied to the
high- pass filter 16 via the switch SW10 which is turned ON by
a detection enable signal HPFEN supplied from the control
pulse generator 21 and which becomes active during, for
example, one frame period under the cbntrol of the
microcomputer 23 when the apparatus is actpated and when the
image pickup mode for detecting the defectiQe pixel is selecﬁed
by the user by operating the operation section 29. The high-
pasé filter 16 is a digital filter composed of three D-type
flip-flops 16a, 6b, 16c and two adding circuits 16d, 16e and
is what might be called a Laplacian filter of the horizontal
direction.

A digital video §igna1_applied to a data input termiﬁal D
of . the D-type flip-flop 16a is output from a non—inverﬁing
output terminal Q thereof and fed to a data input terminal D
of the next D-type flip-flop (hereinafter simply.referred to
as a flip-flop) 16b. The outuput from a non-inverting output
-terminal Q of the f£flip-flop 16b is supplied to a data input
terminal D of the next flip-flop l16c. On the other hand, a
digital video signal from an inverting input terminal Q of the
flip-flop 16a is supplied to he adder 16d, in which it is
added with a digital video signal from an inverting input
terminal § of the flip-flop l6c. An output signal from the

8dder 16d is supplied to the adder 1l6e, in which the output
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t her eof t o hgrateatiisticprifinct zon wi phot he zagcamaNiig 'k PdStelRsthich
li ke r@ference nunerals are used to identify the sane or
5 in which a peak exists at a frequency of the portion
corresponding to a defective pixel in the digital video signal
and from which DC and 1low frequency components are removed.
The clipping circuit 17 will be explained. The digital
video signal from the high-pass filter 16 is supplied to the
0 clipping circuit 17. The clipping circuit 17 is comprised of a
flip-flop 17a, a clipper 17b and a switch SW6 connecting the
flip-flop 17a and the clipper 17b and which switchs and
supplies at non-inverting and inverting output terminals Q
and Q of thé flip-flop 17a to the clipper 17b. .Since the-
movable contact of the switch SW6 1s switched to a fixed
contact connected to the non-inverting input terminal Q of the
flip-flop 17a when the black/white blemish switéhing signal B/W

from the control pulse generator 21 is, for eiample, *1", the

digital video signal supplied to the flip—flép 17a is supplied

0 to the clipper 17b via the switch SW6. This digital ‘video
signal clipped by the clipper 17b is Fhen fed to the peak hold
Circuit 18 which will be described below.

The peak hold circuit 18 and the line counter 19 and the
cell counter 20, each of which are indispensable for the peak
hold circuit 18 will be explained herein. The 10-bit
Synchronizing type cell counter 20 is reset by the reference
Sync. signal supplied to its reset terminal from the sync.

9enerator sa and counts the clock from the clock'generating
Circuit 4,

The count value of the cell counter 20 is fed to

t
he peak hold circuit 18, which will be referred to later, and
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to the control pulse generator 21. The count values of the
cell counter 20 respectively correspond to addresses of the
solid state image pickup element in the horizontal direction.
when counting one horizontal period of the reference horizontal
sync. signal, the cell counter 20 supplies a carry pulse to the
line counter 19. The 9-bit synchronizing type line counter 19
is reset by the reference vertical sync. signal supplied to its
reset terminal from the sync. generator 5a and éounts the clock
ck from the clock generating circuit 4 in response to each
carry pulse from the cell counter 20. The count value of the
line counter 19 is supplied to the beak hold circuit 18 which
will be described later and to the control pulse generator 21.
The count values of the line counter 19 respectively correspond
to addresses of the solid state image pickup element in tﬁe
vertical direction.

‘Referring back to the peak hold circuit 18, the peak hold
circuit 18 is composed of a comparator 18a for comparing the
present and past digital video signals, a flip-flop 18b for
storing an absolute value of level éf the past digitai video
signal, a 10-bit flip—flbp 18d for storing a horizontal address
of a defective pixel, a 9-bit flip-flop 18c for storing a
vertical address bﬁ the defective pixel and switches SW7, SW8 .
and SW9.

The digital video signal from the clipping circuit 17 is
Supplied £o a non-inverting input terminal of the comparator
18a and to an input terminal D of the flip-flop 18b,
respectively, because the switches SW7, SW8 and SW9 are
Connected in the illustrated state in the normal state, or when
the peak level provided by the defective pixel is not detected.

Accordingly, the present digital video signal and the past
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comparator l8a detects the peak level, by the output signal of

b

the comparator 18a, the switches SW7, SW8 and SW9 are connected
to the states opposite to the illustrated states, whereby the

ﬁ content indicating the level of the register of the flip-flop
18b and contents of horizontai and vertical addresses of
registers of the flip-flops 18d and 18c are rewritten.

Rewritten data from the flip-flops 18b, 18d and 18c are

supplied through a bus (formed of address bus, data bus and
control bus) Bu to the microcomputer 23, stored in the RAM 25
as new data and further stored in the EﬁPROM 24 as backup data.
Incidentally, the respective flip-flops 18b, 18c and 18d are
reset by a reset signal PEAKCLR supplied thereto from the
control pulse generator 21 when the apparatus is actuated.

A description will be next given on a method in which a
video signal, which results from closing the iris of the solid
state imager or'picking up, for gxamplé, a white diffusion
plate (it is assumed that the white diffusion plate be-
illuminated by a illumination light from the direction

opposite to the image pickup direction), is supplied to a

monitor receiver, sugh video signal is displayed on the picture
screen of the monitor receiver and the user of the_solid state
imager registers a position of new blemiéh other than those
registéred beforehand, that is, the defective pixel :
designating mode.

Incidentally,’ the registration of the position of the
defective pixel will be understood as follows: When a
defective pixel cannot be detected by the above-mentiond solid

State imager in the self-test mode and in the image pickup mode

for detecting the defective pixel, the video signal from the
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di-agram,skewing idbiisiald fMpicture displayed on the picture
screen of the monitor receiver (i.e., a black picture displayed
when the iris is closed or a white picture displayed when the
white diffusion plate is picked up). Then, the user moves a
marker of, for example, a cross shape displayed on an arbitrary
position on the picture screen of the monitor receiver to the
position of a new blemish visually confirmed by operating a
marker controller 27, which wili be referred to later, of the
solid state imager, and the position marked by the cross-shaped
marker is stored in the RAM 25 and the EEPROM 24 of the solid
state imager as the position of the-defective pixel. 1In this
defective pixel designating mode, a video signal provided
before or after the interpoiation processfhg based on defective
pixel data already stored in the EEPROM 24 or the RAM 24 prior
to the selection of this mode can be selected.

The marker controller 27 has, for example, a cursor key,
and if the user pushes the cursor key, address data indicatiﬂg
the position of the cursor is increased and/or decreased dufing
the depression of the cursoxr key. The address data is always
supplied to a marker generator 26 which will be explained next.
The marker generator 26 supplies data stored, for example, in
an incorporated ROM and which indicates a cross-shaped marker
‘whose width corresponds to one pixel through the switches SW2,
SW3 and SW4 to the output terminals T0, Tl and T2 only when the
address data from the marker controller 27 coincides with the
address data supplied thereto via the bus Bu from the line
Counter 19 and the cell counter 20. When the user moves the
Cross-shaped marker to the position of the blemish to be newly

TYegistered by the cursor key and the cross-shaped marker exists’

z
ol 1N
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whi ch supplies the video signal to the inmage defect correcting circuit for
a solid Steke position of blemish to be registered, if the user

pushes, for example, the button, address data indicating the
present position of the cross-shaped marker and a write control
signal are supplied from the marker controller 27 through the
marker generator 26 and the bus Bu to the RAM 25 and the
mnicrocomputer 23. Further, the white blemish or the black
blemish is selected by the user by pushing a button or the
like. The microcomputer 23 controls a RAM controller 22, which
will be referred to later, via the bus Bu so that the address
data from the marker controller 27 and the content of defective
pixel designated by the user(content indicating whether the
blemish is white blemish or black blemish) are written in the
RAM 25.

Of the above-mentioned three modes, the image pickup mode
for detecting the defective pixel will be explained with
reference to a flowchart forming Fig. 4, in which case, the
user performs several designations directly.

| - Referring to Fig. 4, following the Start of operation, it
is determined in decision step ST-1 whether or not the user
inputs data indicating the occurrence of blemish, that is, the
user inputs data to select the image pickup mode for detecting
a defective pixel. If a YES is output at decision step ST-1,
then the processing proceeds to the next decision step ST-2,
and if a NO is output .at step ST-1, then the processing returns
to step ST-1 whereat the apparatus awaits the data input by the
User, or the apparatus is set in the normal image pickup mode.

It is determined in decision step ST-2 whether or not the
Channel input, i.e., the digital video signals R, G and B from
the three image éickup elements are selected. 'If a YES is

Cutput at step ST-~2, then the processing proceeds to the next
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pé%cégging returns to step ST-2 and step ST-2 is repeated. 1In
step ST-2, data indicative of channel may be input by the user
or the digital video signals R, G and B may be automatically
selected in that order.

In step ST-3, it is determined whether the blemish is the
white blemish or not. If a YES is output at step ST-3, the
processing proceeds to step ST-4, and if a NO is output at step
.ST—3, then the processing proceeds to the next decision step
ST-5. In the step ST-4, the iris is closed and the processing
proceeds to step ST-7.

It is determined in step ST-5 whether or not-the blemish
is the black blemish. If a YES is outpuf at step ST-5, then a

- processing proceeds to step ST-6, and if a NO is output at step
ST-5, then the processing returns to step step ST-3, whereat it
is determined whether or not the blemish is the white blemish.
Whether or not the blemish is the white blemish or the black
blgmish may be input by the user and alternatively, such
determination may be automafically performed by the output
state from the high-pass filter 16.

In step ST-6, the user is instructed to pick up a white
Pattern which instructions displayed on the display section 28
which is described with reference to Fig. 3, and then tﬁe
Processing proceeds to the next step ST-7.

In step ST-7, the blemish is measured, and then the
Processing proceeds to the next decision step ST-8.

It is determined in step ST-8 on the basis of address data
from the line counter 19 and the-cell counter 20 shown in Fig._
3 whether or not the scanning of one frame period is finished.

If a YES is output at step ST-8, then the processing proceeds

L
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In step ST-9, blemish data is written in the RAM 25 and
the EEPROM 24, and then the processing proceeds to the next
decision step ST-10.

It is determined at decision step ST-10 whether or not the
user confirms the blemish data by the display on the display
section 28 shown in Fig. 3. If a YES is outpuf at step ST-10,
then the processing is ended, and if a NO is output at step ST~
10, then the proceséing returns to step ST-1, and step ST-1 and
SO on are repeated again.

Of the above-mentioned three modes, the mode that the user
need not designate directly other than the‘image pickup mode
for detecting the defective pixel will be explained briefly
with reference to a flowchart forming Fig. 5.

Referring to Fig. 5, following the Start of operation, it
is determined in decision step ST-1 whether or not the user
input the data indiﬁative of the occurrence of blemish, tﬂat
is, whefher or not the camera mode for detecting the defective
pixel is selected. 1If a YES is output at step ST-1, then the
pfocessing proceeds to the next decision step ST-2, an if a NO
is output at step ST-1, then the apparatus is set in the mode
to aQait that input, namely, the normal camera mode.

It is determined in decision step ST-2 whether or not the
detection of the blemish of the digital video signal R is
finished. 1If a YES is output at step ST-2, then the processing
Proceeds to the next decision step ST-4 and if a NO is output
At step ST-2, then the processing proceeds to step ST-3.

In step ST-3, the switch change-over signals HPFSELECT
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grom the control pulse generator 21 shown in Fig. 3 is supplied
to the switch SW5 to thereby select the digital video signal R,
and then the processing proceeds to step ST-8.

In step ST-4, it is determined whether or not the
detection of the blemish of the digital video signal G is
finished. If a YES is output at step ST-4, then the processing
proceeds to the next decision step ST-6, and if a NO is output
at step ST-6, then the processing proceeds to step ST-5.

In step ST-5, the switch change-over signal HPFSELECT from
the control pulse generator 21 shown in Fig. 3 is supplied to
the switch SW5 to thereby select the digital video signal G,
and the processing proceeds to step ST-8.

It is determined in decision step ST-6 whether the
detection of the blemish of the digital video signal B is
finished or not. If a YES is output at step ST-6, then the
processing is ended, and if a NO is output at step ST-6, then

- the processing proceeds to step ST-7.

In step ST-?,.tﬁe switch change-over signal HPFSE#ECT from
the control pulse generator 21 shown in Fig. 3 is supplied to
-the switch SWS to thereby select the digital video signal B,
and then the processing proceeds to the next step ST-8.

In the next step ST-8, the iris is closed and then the
Processing proceeds to step ST-9. In step ST-9, the blemish is
measured and the processing proceeds to the next decision step
ST-10. |

It is determined in decision step ST-10 by the address
data from the line counter 19 and the cell counter 20 shown in
Fig. 3 whether or not the scanning of one frame is finished. If
& YES is output at step ST-10, then the processing proceeds to

. the next decision step ST-11. If a NO is output at step ST-10,
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measurement of the blemish is continued.

It is determined in decision step ST-11 whether or not the
plemish is detected. If a YES is output at step ST-11, then
the processing proceeds to step ST-12, and if a NO is output at
step ST-11, then the processing proceed to the next decision
step ST-13.

In step ST-12, blemish data is written in the RAM 25 and
the EEPROM 24 shown in Fig. 3 and the processing proceeds £o
the next decision step ST-13.

In step ST-13, it is determined whether the detection of
black blemish is finished or not. If a YES is output at step
ST-13, then the proceséing returns to step ST-2, and if é NO is
output at étep ST-13, then the processing proceeds to step ST-
14.

In step ST-14, an instruction is displayed on the display
portion 28 shown in Fig. 3, for the user to-pick up a white
pattern.. Then, the processing returns to step ST-9, whereat
the black blemish is detected.

Of the above-mentioned three modes, the self-test mode
carried out when the power switch of the apparatus is turned on
will be described in brief with reference to a flowchart of
Fig. 6. 1Incidentally, in this self-test mode, the detection
Operation for automatically detectiné a white blemish when the
dpparatus is actuated will be described below.

Referring to Fig. 6, following the Start of operation, in
Step ST-1, the solid state imager is powered, and then the
proCessing proceeds to the next decision step ST-2.

It is determined in decision step ST-2 whethexr the

#Jetection of blemish of the digital video signal R is finished




respective sections_of this apparatus will be expl ai ned. The solid
state i mager havi ng ‘PHghet ccendased correcting  circyit-according to.the
present invention ha# "ﬂ such as normal inmegé pickup, fode, ‘an

i mage pi ckup node for _ def g%t i ve pictur Pent eI

pi xel ) and a  defective pixel designating node (this node is selected by
t he user). In the normal inage pickup node, a correcting circuit system
having a correcting function for correcting a defective ijt‘)‘ixel S

oper at edor Fapther It [fe RS | HS sPutBUEmagest&P 92/ prReRnENPhPERCGESSING a

self-test funetion t g autorali gally, o Ieleqt & 9P S5 vE B8 (VOB

at step ST-2, then the processing proceeds to step ST-3.

In step ST-3, the switch change-over signal HPFSELECT from
the control pulse generator 21 shown in Fig. 3 is supplied to
the switch SW5 which then selects the digital video signal R,
and the processing proceeds to step ST-8.

It is determined in decision step ST-4 whether or not the
detection of blemish of the digital video signal G is finished.
If a YES is output at step ST-4, then the processing proceeds
to the next decision step ST-6, and if a NO is output at step
ST~4, then the processing proceeds to step ST-5.

In step ST-5, the switch change~over signal HPFSELECT from
the control pulse generator 21 shown in Fig. 3 is suppliéd to
the switch SW5 which then selects ﬁhe digital video signal G,
and then the processing proceeds to step ST-8.

It is determined 'in decision step ST-6 whether the
detection of blemish of the digital video signal B is finished
or not. If a YES is output at step ST-6, then the pfocessing
proceeds to the final step ST-13, and if a NO is output at step
ST-6, then the processing proceeds to the next step ST-7.

In step ST-7, the switch change-over signal HPFSELECT from
the control pulse generator 21 shown in Fig. 3 is supplied to
the switch SW5 which then selects the digital video signal B,
and then the processing proceeds to step ST-8.

In step ST-8, the iris is closed and the processing
Proceeds to step ST-9.

In step ST-9, the flemish is measured and the processing
Proceed to the next step ST-10.

It is determined in decision step ST-10 on the basis of
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the address data from the line counter 19 and the cell counter
20 shown in Fig. 3 whether or not the scanning of one frame is
finished. If a YES is output at step ST-10, then the
processing proceeds to the next decision step ST-11, and if a
NO is output at step ST-10, then the processing returns to step
sT-9, whereat the measurement of blemish is continued.

It is determined in decision step ST-11 whether or not the
blemish is detected. If a YES is output at step ST-11l, then
the processing proceeds to gtep ST-12, and if a NO is output at
step ST-11, then the processing returns to step ST-2, and the
step ST-2 and the following steps are repeated.

In step ST-12, blemish data detected is written in the
EEPROM 24 shown in Fig. 3.and then the processing returns again
to the step ST-2.

In the final step ST-13, data stored in the EEPROM 24 is
loaded to the RAM 25 shown in Fig. 3 and the proéessing is
anded.

Of the above-mentioned three modes, the defective pixel
ksignating mode will be described briefly with reference to a

‘lowchart forming Fig. 7.

Referring to Fig. 7, following the Start of operation, in’
‘tep ST-1, when the uéer designates this mode by using the
Peration unit 29 shown in Fig. 3, the cross-shaped marker
®nerated from the marker generator 26 shown in Fig._3:is
'Splayed at an arbitrary position of the picﬁure screen of the
“Mitor receiver to which the output video signal from the
°lid state image pickup apparatus is supplied. Then, the
“OCessing proceeds to the next decision step ST-2.

It is determined in step ST-2 by the user by operating the

“Tker controller .27 shown in Fig. 3 whether or not the



The control systemw | be explaihed next, and in the control system a
control pul se genﬁﬁsaﬂhedtH&]BeeraRdﬁth(random access nmenory) control-ler.. 22Fa

m cr oconput er EPROM (el ectrically erasaﬂlele and

pr ogr amabl e read W24, a di spRay section 28 a il

section 29 are pa associated wth the above-descri

t hree nodes. Address of blem sh in the solid state i nage pickup

el enent” and data deter | t r.the bl em is white bl em sh or
4?f%e facg Q% %gr

bl ack blpesi-&HOFh &ERER ofS & rEETP e 3 br R Bhet pedmmErem
24. The morocqmyuter 28 hayb8o;a BMARI & RAMp s7-2, then the

processing proceeds to the next step ST-3 and if a NO is output

at step ST-2, the apparatus is placed in the standby mode for
the input. .

In step ST-3, each time the user operates the marker
controller 27, the address of the cross-shaped marker is
updated by the marker generator 26 and the cross-shaped marker
is moved on the picture screen of the monitor receiver. Then,
the processing proceeds to the next decision step ST-4.

In step ST-4, when the usexr pushes a button or the like
after the positicn of tﬁe cross~shaped marker is made
coincident with <he positior; of the blemish discovered on the
picture screen o= the monitor receiver by the user, address
data supplied from the marker controller 27 at that time is
stored. Then, i< is determined whether or not the button is
pushed. If a YEZ= is output at step ST-4, the processing
proceeds to stegp ST-5 and if a NO is output at step ST-4, then
the précessing r=turns to step ST-2.

In step ST—-=, the address data supplied from the markér
controller 27 is stored in the RAM 25 and the EEPROM 24 shown
in Fig. 3 as the data of the flemish pixel, and then the
Processing proce===s to the next decision step ST-6.

In step ST—=, & message indicatind whether.or not the
defective pixel —i=signating mode is released is displayed on
the display sect=— on 28 shown in Fig. 3 for the user and it jis
determined whetlr== OX not the release of the defective pizel
deSignating modes is selected by the user by operating the
OPeration sectice— 2%. If a YES is output at step ST-6, thecp

the processing i-= enced and if a NO is output at step S$r-¢,



the three nodes, i.e, the normal inmage pickup node, the defective
lection image pickup node and the defective pixel designating node
asi s of a THKeet R Med Rppcdi gnal from the operatio ecti-on_29 a and

data stred in the perforns gBe self-test eh tHefgdhnd“ e ;
state ifrager is pom% ontrolling the control —sel4m%ﬂﬂﬁucw
21. Under the contr conputer 23, the control pulse.§§ﬁeratﬁej

21 generates various control signals on the basis of address data froma

| i ne counter ?’]e;}g’i‘g‘:&g%n& g t enSZOC(y\/I‘g ug%v\g.k,l_ be referred to later.

The RAM covy d1'1% con RAM 25 er the
In the solid state imager provided with the above-

mentioned image defect correcting circuit, three modes are
available. In the normal camera mode, the defective pixel is
interpolated on the Easis of the data stored beforehand in the
EEPROM 24; in the camera mode for detecting the defective
pixel, not only the inspection of the blemish before the solid
state imager is bought by the user can be considerably
simplified but also data can be additionally provided to the
data stored beforehand in the EEPROM 24. Particularly, in the
self-test mode which needs no input by the user when the solid
state imager is switched ON, the detection and interpolation of
the defective pixel can be automatically carried out when the
solid state imager is powered. Further, in the defetive pixel
designating mode, data indicative of blemish wvisually
discovered By the user can be stored in the EEPROM 24, whereby
miﬂute white blemlsh and black bleﬁish also can be
interpolated.

" In the description of Fig. 3, the image defect correcting
circuit in the solid state imager may be provided inside or
outside the solid state imager. Further, the microcomputer 23
may be replaced with, for example, a personal computer and this
personal computer may be connected via, for example, RS-232C
interface to the solid state imager. In that event, the EEPROM
24 may be a floppy disk, a magneto-optical aisc or the like
when an external storage apparatus is utilized. Furthermore,
the above-mentioned image defect correcting circuit can be
fabricated as an IC with ease.
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According to the above embodiment of the present

invention, an image defect correcting circuit for & solid state



control of the m croconputer 23 so that, when the solid state | mager is
actuated, data st opgOeyld HhdBeedkdpRe 24 are stored in t hE-RAM-25;—Rew—

def ective pixel dat RNt he RAM 25 or that the'tata jls Has BEEN
updat ed. The swi tqm“&mﬁH lﬂ of the above- descri bed—t hrieb Neides
t

and so on are effec by .operating the operation section 29
I n accordance with the di splay on the display section 28. The

respect yegeectijisonompribed afpabaipatikd Imd¥ns for comparing levels of

output signals from respective pixels of a solid state image
pickup element illuminated on its whole surface with a light of
uniform brightness with a predetermined level,'position data
generating means for generating data indicative of a position
of pixel which outputs a signal of peculiar level on the basis
of the compared result of said comparing means, interpolating
means for interpolating an output signal output from the pixel
located at the position indicated by the position data
generated from at least the position data generating means by
using an output signal derived from other pixel, and switching
means for selectively switching the output signals of the
respective pixels and an output signal of the interpolating
means on the basis of the output signal from the position data
generating means. Therefore, even when blemish occurs in the
solid state image pickup element housed in the housing, the
blemish occurred in the solid state image pickup element can be

interpolated without disaésembling the solid state image pickup

element from the housing.



expl ai ned hereinafter in the sequential order of the node when the
apparatus is actuated and the three nodes. Incidentally, F@ﬁrfgjgﬁe~ff~_~_ﬁ
sel f-test in the 3gfuatiiposshab@cadist be_expl ai ned initiblfy,ﬂtn$s§458EiN,

self-test will be i the defd@tive pixel detectionlmigd |
pi ckup node is expl M N the circuits and the operation of the
sel f-test are subst sane as those of the defective pixel

detection i mage pi ckup node. Initially, the normal inmage pickup node
W ll Regg¥Bhd Refbodiment according to the present will hereinafter

pe described with reference to Figs. 9 to 17.

In the second embodiment shown in Figs. 9§ to 17, the
present invention is applied to a signal processing system of a
so-called three plate-type solid state image pickup apparatus
in which a color image is picked up by three solid state image
sensors 51R, 51G and 51B on which image pickup screens there
are focused object images analyzed in color into red, green and
blue three primary colors by an image pickup optical system for
image light.

As shown in Fig. 9, in the signal processing system of
this solid state image pickup apparatus, a red camera output
signal from the solid state image sensor 51R for picking up a
red image is supplied through a pre—amplifier 52R to an A/D
converter 53R, and is thereby converted to a 10-bit digitized
red camera data Dz, which is then fed to a first input terminal
61R of an image defect correcting circuit 60 according to the
present invention. A green camera dutput signal from a solid
state image sensor 51G for picking u§ a green image is supplied
through a pre-amplifier 52G to an A/D converter 53G, and is
ﬁhereby converted to a 10-bit green camera data D¢, which is
then fed to a second input terminal 61G of the image defect
Correcting circuit 60. Further, a blue camera output signal
from a solid state image sensor 51B for picking up a Blue image
is supplied through‘a pre-amplifier 52B to an A/D converter
33B, and is thereby converted into a 10-bit blue image data Dg .,
¥hich is then fed to a third input terminal 61B of the image
defect correcting circuit 60.

As the above-mentioned solid state image sensor, there is

“ilized a CCD image sensor of an interline transfer type which
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e focused on the imge pickup screens.

receiving sections § corresponding to respective pixels arrayed

Q+TOT WO

in a matrix-fashion, vertical transfer registers VR provided at
one side of these light receiving sections S along the
longitudinal direction and a horizontal transfer register HR
provided at the ends of these vertical transfer registers VR
whereby signal charges obtained from the respective light
receiving sections S in response to the light receiving amount
are traﬁsferred to respective corresponding vertical transfer
registers VR at, for example, every one field or at every one
frame, the above-mentioned signal charges are transferred to
the horizontal register HR through the vertical transfer
registers VR and a signal charge from the horizontal transfer
register HR at every horizontal line is generated as an image
pickup output.

Turning back to Fig.9, the image defect correcting circuit

60 of this embodiment is comprised of an interpolation
information generating circuit 63 to which there are supplied
the three primary color image pickup data D:, D¢ and Dy from
the first to third input terminals 61R,

61G and 61B through a

first channel selection switch 62, a first substitute switch

65R to which an interpolation information formed by the
interpolation inforﬁation generating circuit 63 is supplied and
to which the red camera data Dz is supplied from the first
input terminal 61R through a delay circuit 64R, a second
Substitute switch 65G to which the interpolation information
9¢nerated by the interpolation information generating circuit
83 is supplied and to which_the green camera data Dg is
Supplied from the second input terminal 61G through a delay

Circuit 64G, a third substitute switch 65B to which the



The drive operation of the image pick up section 2 will he expl.ai.ned

A sync. (S»TTECQHLSZ%&%CPQ%HMM 5a is adapt ed {oigerfierdt .8 BEEN
on ﬂ“ i

ref egence horiz
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on tRe basis of a ﬁlﬂjm ock froma 8 ock generating circuit 4.
tim gg generator t to generate horizontal and vertica

trandfer pul ses synchroni zed with the reference horizontal sync. signal
reference_veriical suRe) ;S0 orf B tdierSYDE . 6 Yeard ater whadchA

AERRC B %ﬁgé%%dgtp rggpécfgyefy drive solid state i mage

p el enenhs, Of cdherh M@aeaPbgkYR $PP10eL Bfor hehe third input

terminal 61B through a delay circuit 64B, a defect position
detecting circuit 67 to which output data from the first to
third substitute switches 65R, 65G and 65B are supplied thrdugh
a second channel selection switch 66, a system controller 68
for controlling operations of the above-mentioned elements, a
memory 69, a line address counter 70 and pixel address counter
71 which are connected to the above system controllér 68 and so
on.

The interpolation information generating circuit 63 is
comprised of, as shown by a specific arrangement in Fig. 11, a
register section 80 which temporarily stores camera data of
chaﬁnel,selected by the first chanhel selection'switch 62, an
absolute value computing section 90 which calculates an
absolute value of level difference between signal levels
indicated by the camera data stored temporarily in the rggister
section 80, a comparing section 100 for comparing respective
absolute values calculated by this absolute value computing
section 90 and an interpolation operaion section 110 for
obtaining a video information at the positiop of the defective
Pixel by selectively interpol#ting camera dafa stored in the
register section 80 on the basis of the compared result by the
comparing section 100. _

The register section 80 is composed of first to third D
flip-flops 81, 82 and 83 connected in cascade, fourth to sixth
D flip-flops 84, 85 and 86 connected in cascade and input
Chanée-over switches 87, 88 and 89 for changing-over inputs of
the first to third D flip-flops 81, 82 and 83.

In the register section 80, the first D flip-flop 81
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basis of the horizontal and vertical transfer pulses fromthe timng

pul se generat or 5b. This Sheet HREHeer RdpAgedback to the image pif ckip SEBET HAR BheEN

I mage

pi ckup vi deo "
supplied through a p
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video signals R G and B are

e

) d B fromthe i mage pickup BEahicgn 2 a
ﬂHﬁLﬂ[‘and a W3deo anplifier 7 Tfor adustTi
jetches camera data of 10 bits supplied to its data input
terminal D through the input change-over switch 87 from the
first channel selection switch 62 and feeds its Q output back
to the data input terminal D thereof through the input change-
over switch 87 to thereby temporarily store the latched data.
The second D flip-flop 82 stores the Q output of first flip-
fiop 81 suppligd to its data ‘input terminal D through the input
change-over switch 88 and feeds the Q.output thereof back to
the data input terminal D thereof through the input éhange-over
switch 88 to thereby temporarily store the latched camera data.

Further, the third D flip-flop 83 latches the Q output of the

second D flip-flop 82 supplied to its data input terminal D

through the input change-over switch 89 and feeds the Q output
thereof back to the data input terminal thereof £hrongh the
input change-over switch 89 to thereby temporarily store the
latched camera data. In this register section 80, the above
input change-over, switches 87, 88 and 89 are controlled by the
system controller 68, whereby the first to thrid D flip-flops
81, 82 and 83 latches caméra output D¢, Db, Da from three
nearby pixels-c, b, a located one horizontal line before the
defective pixel x as shown in Fig. 12 and temporarily store the
réspective camera output data Dc, Db, Da.

The first D flip-flop 81 supplies the above-mentioned
absolute value operation section 90 with upper significant 8-
bit data of the camera output data Dc from the pixel c obtained
@s the Q output thereof. The second D flip-flop 82 supplies

the above-mentioned interpolation operation section 110 with

the camera output data Db from the pixel b obtained as the Q
Cutput thereof and also supplies the absolute value operation

Section 90 with polarity inverted data DB of the camera output

e

al (AAD) converter 8. The image pickup



respectively convert d i Hedthcel MROE pi ckup video signals

gl_ﬂerel naft;ar re](‘jerr;a bhe“eﬁ#iﬁ e&gmeﬁi 1'vi deo si gngl s% by EEeV\L sﬁf’ﬂvﬁ%&e}%&
e respective digi a n romthe CEpY ACEDT

are respectively supp 'deV|c3§ 9, 10 and 11, ‘“eaeh—bermg Tor ned

of a charge coupled device (CCD) or the like. These digltal vi deo signals

R Gand B are delayed by predgterm ned delay tines thes del ay

devi cegga®a MP pRtaingd Fﬁetﬁ‘é‘s% BtRRE E\‘%Eﬁ°ﬁul §Br€£eﬁ'oﬁ'ﬂ & ﬁé"tﬂ%&

generator_ cifcuit_ 4 and then swi_ tches. S WL to

out put Smn i &3, S¥pehiaer PHE AEoLBES Bt rEobRRARIR e RaCH el S/ and

SWL0 to a h| h- gass

ignificant 8-bit data of the camera output data Da
from the pixel a obtained as the Q output thereof.

Further, in this register section 80, the fourth to sixth
p flip-flops 84, 85 and 86 latch in a dot-sequential manner the
camera data of the .channel selected by the first channel
selection switch 62 and transfer the same, and respective upper
significant 8-bit data of the {§ outputs of the fourth and sixth
D flip-flops 84 and 86 are supplied to the absolute value
operation section 90. Also, the respective Q outputs of the
fifth and sixth D flip-flops 85 and 86 are supplied to the
interpolation operation section 110.

The above-mentioned absolute value operation section 90 is
composéd of first to fourth adders 91a, 91B, 91C, 91D, first to
fourth exclusive NOR circuits 92A, 92B, 92C, 92D supplied with
added -outputs of these adders 91A, 91B, 91C, 91D and first to,
fourth D flip-flops 933,'93B, 93C, 93D supplied at their data
input terminals D with qutput; of these exclusive NOR circuits
92A, 928, 92C, 92D.

The first adder 91A adds the Q output of the first D flip-
flop 81 and the § output of the fourth D flip-flop 84 in the
register section 80. The first exclusive NOR circuit 92a
GXélusive—NORes the polarity bit S and the‘data bit of the
added output from the first adder 91A, and supplies this
e€xclusive-NORed output to the data input terminal D of the
first D flip-flop 93A.

The second adder 91B adds the Q output of the first D
flip-flop 81 and the § output of the second D flip-flop 82 in

the register section 80. The second exclusive-NOR circuit 928
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exclusive-NORed output to the data input terminal D of the
second D flip-flop 93B. |

Further, the third adder 91C adds the § output of the
second D flip-flop 82 and the Q output of the third D flip-flop
83 in the register section 80. The third exlusive-NOR circuit
92C exclusive-NORes the polarity bit S and the data bit of the
added output of-the third adder 91C, and supplies this
exclusive-NORed output to the data input terminal D of the
third D flip-flop 93C.

The fourth adder 91D adds the Q output of the third D
flip-flop 83 and the § output of the sixth D flip-flop 86 in
the register sectioh 80. Then, the fourth exclusive-NOR
circuit 92D exclusive-NORes the polarity bit S and the data bit
of the added output of the fourth adder 91D, and supplies the
exclusive-NORed output thereof to the data input terminal D of
the fourth flip-flop 93D.

Under the condition such that the fifth D flip-flop 85 in
the register 80 latches camera output data Dx of the defective
pixel x shown in Fig. 12, the fourth D flip-flop 84 outputs
camera output data.De from a pixel e adjacent to the defective
Pixel x and that the sixth flip-flop 86 outputs camera output
data Dd from the pixel d adjacent to the aboée-mentioned
defective pixel x, the first to fourth D flip-flops 93A, 93B,
93C and 93D latch absolute value data [Dc - De|, |Db - Dc}, |Da
- Db|, |Da - Dd| of differences between camera output data from
the pixels a, b, ¢, d and e located near the defective pixel x
obtained as the exclusive-NORed outputs of the exclusive-NOR

Circuits 92A, 92B, 92C and 92D.

s
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The absolute value operation section 90 supplies the
comparing section 100 with the absolute value data |Dc -
De|l,|Dc - Db|, |pa - Db| and |Da - Dd| latched in first to
fourth D flip-flops 93A, 93B, 93C, and 93D.

This comparing section 100 is composed of first to fourth
comparators 101A, 101B, 101C, 101D to which the absolute value
data |Dc - De}, |Dc - Db], |[Da --Dbl, |pDa - Dd| from the
absolute value operating section 90, a D flip-flop 102 which
latches compared outputs of the first to fourth comparators
101a, 101B,'1010, 101D and a decoder 103 which decodes a
latched output from the D flip-flop 102.

The first comparator 10l1A compares the absolute value data
|[Da - Dd| and |Da - Db| from the absolute value operating
section 90, and supplies its compared output to a first data
input terminal Dl of the D flip-flop 102. The compared output

of the first comparator 101A goes logic [H] (high) level when

" |Da - pd] > |Da - Db| and goes logic [L] (low) level when |Da -

pd| < |pa - Db]j.

The second comparator 101B compares the absolute value
data |[Da - Dd| and |Db - Dc| supplied thereto from the absolute
value operating section 90 and supplies its compared output.to
a second data input terminal D2 of the.D flip-flop 102. The
compared output of this second comparator 102 goes logic [H]
level when |Da - Dd| > |[Db - Dc| and goes logic. [L] level when
[Da - Dd| < |Db - Dc].

Further, the third comparator 102 compares the absolute
value data Iﬁc - De| and |Da - Db| supplied thereto from the
absolute value operating section 90 and supplies its compared
output fo a third data input terminal D3 of the'D flip-flop

102. The compared output of the third comparator 101C goes
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The fourth comparator 101D compares the absolute value
data |Dc - De| and |Db - Dc| supplied thereto from the above

absolute value operating section 90 and supplies its compared

output to a fourth data input terminal D4 of the D flip-flop
102. The compared output of the fourth comparator 101D goes
logic [H] level when |Dc - De| >'|Db - Dc| and goes logic [L]
level when |Dc - De| < |Db - Dc|.

In the comparing section 100, the decoder 103 decodes the
latched outputs Q1, Q2, Q3 and Q4 obtained from the D flip-flop
102 which latches the compared outputs of the first to fourth
comparators 101A, 101B; 101C and 101D in accordance with a
decoding fashion shown in Fig. 13 to thereby generate a
selection control signal Decre -

The selection control signal D¢y. from the compaiing
section 100 is supplied to the interpolatioﬁ information
ﬁ selecting section 110.

It will be seen in Fig. 11 that the interpolation
information selecting section 110 is composed of an adder 111
which is supplied with the Q output of the fifth D flip-flop 85
in the register section 80, a first D flip-flop 112 which is
supplied at its data input terminal D with the Q output of the
sixth flip—élop 86 in the register section 80, a second D Flip-
flop 113 which is supplied at its data input terminal D with
the Q output of the first D flip-flop 112, a third D flip-flop
114 which is supplied at its data input terminal D with the
added output of the adder 111, a change-over switch 115 which
is controlled by the selection control data D¢y, from the

Comparing section 100°and a fourth D flip-flop 116 which is
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The adder 111 adds the Q output of the first D flip-flop

112 and the Q output of the fifth D flip-flop 85 in the

register section 80.

The change-over switch 115 is supplied at its first input
terminal 115A with the added output of the adder 111 through
the third D flip-flop 114. The data supplied to the first
input terminal 115A is output through the fourth D flip-flop
116 as mean value interpolation data Day which is provided as
Dg + D,

.2
by using camera output data Dd and De provided by the two

Day =

pixels d and e adjacent to the above-mentioned defective pixél
X.
The change-over switch 115 is supplied at its second input
terminal 115B with the-Q output of the first D flip-flop 112
. through the second D flip-flop 113. The data supplied to the
second input terminal 115B Sf_the change-over switch 115 is
output through the fourth D flip-flop 116 as 0-order hold
interpolation data utilizing the camera output data provided by
the pixel d located adjacent to the above defective pixel X.
The change-over switch 115 ié supplied at its third input
'terminal 115C with the Q output of the sixth flip-flop 86 in
the register section 80. The data supplied ta'the third input
terminal 115C of the change-over switch 115 is output through
the fourth D flip-flop 116 as O-order hold interpolation data
Uti;izing the camera output data De provided by the pixel e
located adjacent to the above defective pixel x.

Furthermore, the change-over switch 115 is supplied at its
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urth input terminal 115D with the Q output of the second D
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ip-flop 82 in the register section 80. The data supplied to
e fourth input terminal 115D of the change-over switch 115 is
tput through the fourth D flip-flop 116 as O-order hold
terpolation data utilizing the camera output data Db provided
the pixel b located one horizontal line before the above-
scribed defective pixel x. .

In the thus arranged interpolation information generating
rcuit 63, when an object image picked up by the pixels a, Db,
d, e located near the defective pixel x is a stripe pattern
‘tending in the horizontal direction as shown in Figs. 14A and

B, the interpolation information selecting section 110 is
mtrolled such that the change-over switch 115 is connected to
i first input terminal 115A by the selection control signal
1 derived from the decoder 103 of the comparing section 100,
iereby the mean value interpolation data Day provided by the
mera output data Dd and De from the two pixels d and e
ijacent to the defective pixel x being output as correction
ita of the camera output data Dx of the defective pixel Xx.
When an object image picked up by the respective pixels a,
€, d and e is a stripe pattern which is oriented upper left
i shown in Figs. 15A, 15B and iSC, the interpolation
1formation selecting section 110 is controlled such that the
lange-over switch 115 is connected to the second input
*rminal 115B by the selection control signal M, derived from
'@ decoder 103 pf the comparing section 100, thereby the
‘mera output data Dd provided by the pixel d located adjacent
> the defective pixel x being output as correction data of the
mera output data Dx of the defective pixel EJ

Further, when an object image picked up the respective
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ration of the smntgp SW to select_any of the_video signals R G and B
m in the upper right as shown in Figs. 16A, 16B and 1%C, the

above-mentioned interpolation information selecting section 110
is controlled such that the change-over switch 115 is connected
to the third input terminal 115C by the selection control
signal Mz; derived from the decoder 103 of the comparing section
100, thereby the camera output data De provided by the pixel e
located adjacent to the defective pixel x being output as
correction data of the camera output data Dx of the defective
pixel x.

Furthermore, when an object image picked up by the
respective pixels a, E, c, d and'g located near the defective
pixel x is a stripe pattern which is oriented in the vertical
direction as shown in Figs. 17A and 17B, the ihterpolation
information selecting sectioﬁ 110 is controlled such that the
change-over switch 115 is connected to the fourth input
terminal 115D by the selection control signal My derived from
the decoder 103 of the comparing section 100,'thereby the
camera output data Db provided by the pixel b located one
horizontal line before the defective pixel x being output as
correction data of the camera output data Dx of the defective
pixel x. .

In the image defect correcting circuit 60 of this
embodiment shown in Fig.é, the first channel selection switch
62 is contro}led by the system controller 68 in such a fashion
that defective pixel position data indicative of positions of
defective pixels involved in the respective solid state image
sensors 51R, 51G and 51B are read out of the memory 69 together
with the identifying data of the respective solid state image

Sensors 51R, 51G, and 51B and camera output data of channel
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Jee solid state i mage i ckum.gl ements. Incidentally, the swtch

changefover signal FRESEE input by, for exanple, fhe user. The

iris dfive signal CPQ ol pul seggenerator 21 isjsuppkiet 103 a0
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pi ckup nng%nggﬁting circuit 63. Also, the first to third substitute

switches 65R, 65G and 65B are selectively controlled such that

the camera output data Dx provided by the defective pixel x is
F replaced with the intexpolation data D generated by the
interpolation information generating circuit 63.

Incidentally, the poéitions of the defective pixels
involved in these solid state image sensors S1R, 51G and S1B
# are detected beforehand by the defective pixel detecting
section 67 to-which the camera output data Dr, D¢ and Dg from
the solid state image sensors 51R, 51G and 51B are supplied
through the second channel selection switch 66, and the
defective pixel position data are stéred in the above-mentioned
memory 69 together with identifying data of the solid state
image sensors 51R, 51G and 51B.

Fig. 18 shows in block form a specific arrangement of the
defective pixel detecting section -67. As shown in Fig. 18, the
defective pixél detecting section 67 is generally composed of a
high—pass filter section 120, a clipping processing section 130
and a defective position detection processing section 140.

The high-pass filter section 120 is .comprised of D flip-
flops 121, 122 and 123 of three stages and two adders 124 and
125, a D flip-flop 126 at output stage, and a switch-127 to |
thereby derive transfer function H (z) expressed as

H (z) = -~ z.-1 + 220 - 2
Q output and § output of the D flip-flop 126 at the output-
stage can be selectively oﬁtput by way of the switch 127. This
switch 127 is contr&lled by the above-mentioned system

controller 68 so as to select the Q output when the defect of
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peqformed after th S Closed When the white bl em sh I S not
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il uninated for ex iITum ngfion light is 1 —ayed:
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a :Ilpgkg% %fé%ﬁéhjiqugtgcgegkand to select the { output when the

l defect of black blemish is detected.
The image data whose DC component and whose low band
component are eliminated by the high-pass filter.section 120 is
#5 clipped in its negative side by the clipping processing section
130 and fed to the defect position detection processing section

140.

As shown in Fig. 18, the defect position detection

processing section 140 is composed of a first D flip-flop 141
0 which temporarily stores image data supplied from the clipping
processing section 130, a second D'flip—flop 142 which
temporarily stores line address data supplied from.the line
address counter 70, a thixd D flip-flop 143 which temporarily
stores pixel data supplied from the pixel address counter 71, a
15 | comparator 144 which compares the image data temporarily stored
in the first D flip-flop 141 with the image data supplied from
the clipping processing section 130 and first to third change-
over switches 1451 147 and 148 to which a compared output from
ﬁ the comparator 144 is sppplied through an AND gate circuit 145
20 . as a switching control signal.

The first D flip-flop 141 is operated as a maximum value
detector which selectively latches image data larger than the
image data previously latched when the image data is supplied
to the data input terminal through the first chenge—over switch
5 146 whose switching operation is coAtrolle@ by the compared
output of the above-mentioned comparator 144. Thus, it is

possible to detect image data of the defective pixel which

outputs the camera signal of the maximum signal level.
Then, the second D flip-flop 142 latches line address data

supplied to the data input terminal thereof through the second
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hold circuit 18 used in the ai prgRet ed mode will be explained hereinafter,
and initially, theTiks3jget oF r 16 will be explai ned. The vi deo
signal stored in th “\“in whjch the portion of defectiv i xel
is corrected is supa\ i gh- pass filter 1bjgnastber 80 BERNSO0
which is turned ON by a detection enable signal HPFEN supial.a8EProm the
control pul se generator 21 and which becones active during, for exanple,
one fédmgpesiresd switcH heiTomich 6 thengexcdinc positdror? X adethéhe
apparatus is actuated and when the inmage pickup node for detecting the

def ectivle pheefirstsghanggtover switch 146 by the compared output of

the comparator 144. Consequently, the line address data
indicative of the position of the defective pixel is latched in
05 the second D flip-flop 142.
The thixd D flip-flop 143 latches pixel address data

supplied to the data input terminal thereof through the third

change-over switch 148 which is changed in position togetﬁer

with the first change-over switch 146 by the coméared output

40 from the comparator 144. Thus, the pixel data indicative of

the position of the defective pixel is latched in the third D
flip-flop 143.
The line address data and the pixel data latched in the
second and third D flip-flops 142 and 143 are written in the
15 memory 69 through the system controller 68 as the defective
pixel position data together with data indicative of the

channel selected at that time.

While performing the defect correcting process by using
the defective piﬁel position data written in the memory 69, the
above-mentionked'defective éosition detecting'and processing
section 140 sequentially detects the positions of the defective
pPixels which present a peculiar signal level.

As described above, according to the second embodiment of
the image defect correcting circuit-of the present invention,
the levels of video signals output from a pluralitj of pixels
located near the defective pixel are compared with each other
to thereby discriminate the pattern of the object image near
the defective pixel and the video information at the position
©f the defective pixel is obtained by the interportion on the

nbaSis of the video information of the pixels selected in



by the user by operatlng the operation section 29. The high- pass filter
16 is a digital t &nﬁgﬁpaﬂﬁﬂhGﬂ three Dtype flip-flops 1l6a, 6b. 16¢c
and two addi ng C|r and is what mght be| cald stzar hapBaeN an
filter of the hor| ma \‘m t|on 44 A digital videsrshgEml
applied to a data i of the D-type fl

I p-TlTop 1I6a 1s output
froma non-inverting out put ternlnal Q thereof and fed to a data input

;grg‘ ?;’;‘Lﬁgpp&&) %Q%“e“%&&ﬂe F R ey d herel naf b4 shial !‘_or?e A

Gput from-a non-invertin out put

of the LE'Rﬁ@éﬁ%&%ﬁ%iéhsﬁPBbégglha 3 nd3ha R tportion whose defective

portion is corrected can be prevented from becoming

conspicuous.

Let us exélain next a video image defect correcting
circuit of the solid state image pickup apparatus which
corrects the signal level of the camera output when a constant
bias voltage is always applied to the camera output responsive
to the amount of incident light due to the crystal defect of a
solid state imager element.

Conventionally, in the blemish correcting circuit which
corrects the signal level of the output signal from the solid
state imager element, data indicative of the position of
defective pixel involved in the solid state imager element and
data concerning blemish level contained in the output signal
from the solid state imager element are stored beforehand in
the memory, and on the basis of the data read out from this
memory, the deterioration of image guality due to the camera
output from the above-mentioned defective pixel is correcﬁed by
the signal processing. The data indicative of the position of
the defective pixgl involved in the solid state imager element
and the blemish level are detected beforehand by the production
line and thosé data are written in a programmable read only
memory.

Incidentally, in the conventional blemish correcting
circuit, the positidn data of defective pixel involved in the
solid state imager element and the blemish level thereof are
detected beforehand and the correction processing is performed
by ﬁsing the programmable read only memory in which the above

data are written. As a conseguence, when the blemish level is



termndl D of the n@ms$kﬂ| %? On the other hand, a digital video
signal from an |nvert| naI [err] of the kap~LLopwlﬁa,ijL -
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the outguinged in an aging changd6fashion or when a new defective

pixel occurs, there is then the disadvantage that the proper
plemish correction processing cannot be effected.

Therefore, in order to eliminate the aforenoted
disadvantages of the prior-art blemish correcting circuit, the
present invention is intendgd to provide a blemish correcting
circuit or a third embodimemnt of the video image correcting
circuit which corrects the signal level of the output signal
from the defective pixel. -According to the third embodiment of
the present invention, even when the blemish level is changed
in an aging change manner or when a new defective'pixel occurs,
a proper blemish correction processing can be effected.

A third embodiment of the video image correcting circuit
of the soiid state imager according to the present invention
will be described with reference to the drawings.

In the third embodiment illustrated in Fig. 19, the
present invention is applied to a solid state image sensor 204
in which an object image is focusgd on a target screen by an
image pickup light introduced thereto through a camera optical
system 203 such as a camera lens-201, an iris mechanism 202 and
so on. .

In this §olid state imager, the iris mechanism 202 of the
above-mentioned camera optical system 203 carries out the
control of the amount of the image pickup light illuminated on
the target screen of the above-mentioned solid staté image
sensor 204. This iris mechanism 202 is opened and/or closed by
an iris drive section 206 which is operated in response to an
iris control signal from a system controller 205.

Further, thé CCD image sensor 204 is driven by a CCD

driver section 204 to which a CCD control signal is supplied
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ing theHerein as the solid state image sensor 204, it is possible
to employ a CCD image sensor of interline transfer type which
js comprised of as, for example, shown in Fig. 10, a number of
light receiving sections S corresponding to respective pixels
arrayed in a matrix fashion, the vertical transfer registers VR
provided on one side of these light receiving section S along
the longitudinal direction dand the horizontal transfer register
HR provided at the end sides of these vertical transfer
registers VR. In this CCD image sensor, signal charges
obtained from the respective light receiving sections S in
response to the amount of light received are transferred to the
vertical transfer registers'VR corresponding to every verti;al
lines at, for example, eéery field period or at every frame
period and the signal charges are transferred to the horizontal
transfer register HR through the respective vertical transfer
registers VR, whereby the signal charge of every horizontal
line is produced from this horizontal transfer register HR as a
camera outéut.

The blemish correcting circuit, which is provided as the
video image defect correcting circuit 'in this embodiment,
includes a signal subtracter 209 to which the camera output
from the CCD image sensor 204 is supplied through é pre-
amplifier 208.

This signal subtracter 209 is supplied with a blemish
correcting signal through a multiplier 212, and this blemish
correcting signal results from converting blemish correcting .
data read out from a first memory 210 into analog blemish

correcting signal by a digital-to-analog (D/A) converter 211L.
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bel ow. The peak hold circuit 18 and the |ine counter 19 and the
subtracted from the camera output signal of the CCD image

sensor 204, thereby the blemish correction processing being
performed.

The multiplier 212 is supplied with a detection output
signal from a temperature sensor 213'which detects the
temperature of the CCD image sensor 204, that is, a detéction
output signal indicating the present temperature of the CCD
image sensor 2Q4. This detection output signal is multiplied
with the analog blemish correction signal from the D/A
converter 211, whereby the blemish correction signal is
corrected in temperature. .

A subtracted output signal from the signal subtracter 209
is digitized by an A/D converter 214, and fed to a digital
signal processing section of the succeeding stage (not shown)
as the camera output data and to an. adder 215.

The adder 215 supplies its added output data through a
change-over switch 216 to a second memory 217 whose write and
read of data are controlled by éhe system controller 205.

Data read out of the second memory 217 is supplied to the
adder 215 and is also supélied through a high-pass filter 218
to the change-over switch 216. Further, this second memory 217
is utilized as a working memory of a computing apparatus 219
which generates blemish correcting data indicative of the
position and the peculiar level of the pixel of pixels of the
CCD image sensor 204 and which outputs the signal of peculiar
level under the condition that a light is not incident thereon.

The second memory 217 is connected to the above computing

apparatus 219.
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Further, the detection output signal lndlcatEVe of the
current temperature of the CCD image sensor 204 is supplied
from the temperature sensor 213 to an analog-to-digital (A/D)
converter 220, in which it is converted into a digital signal
and fed to the computing apparatus 219.

In the case of the blemish detection mode, the system
controller 205 supplies the iris drive section 206 with the
iris control signal which closes the iris mechanism 202 that
controls the amount of light illuminated on the target screen
of the solid state image sensor 204, and also supplies the CCD
drive section 207 with the CCD control signal which design%tes
the frame read-out mode of the CCD image sensor 204. In the
blemish detection mode, the read out of the first memory 210 is
controlled by the system controller 205, thereby reading out
from the first memory 2i0 blemish correction data whose
correction level is zero, thus the blemish correction
processing being ended.-

The camera output signal from the defective pixel obtained
from the CéD image sensor 204 under the condition that the iris
mechanism 202 is closed -increases its signal level, i.e.,
blemish level in proportion to the charge accumulation time in
the above-mentioned defectivé pixel.

Therefore, in the blemish correcting circuit of this
embodiment, the systém controller 205 controls the CCD drive
section 207 to extend the charge accumulation time so that the
charge is accumulated in a range which does not exceed the
dynamic range of the circuit.

Further, in the blemish detecting mode, the system
controller 205 controls the change-over switch 216 so as to

select the adder 215, and the system controller 205 writes the
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output signal from the CCD image sensor 204. Further, the

system controllex 205 read out the camera output data written

in the second memory 217, the read-out camera output data is

synchronously added with camera output data from the A/D

converter 214 by the adder 215 and the added result is

repeatedly written in fhe second memory 217, thereby improving

a S/N ratio.

Then, the system controller 205 controls the change-over
switch 216 so as to select the high-pass filter 218. Camera
output data is read out of the second memory 217 and written in
the seébnd memory 217 via the high-pass filter 218. In other
words, the camera output data whose D€ component and whose low
band noise component are eliminated by the high-pass filter 218
is written in the second memory 217.

On the basis of the camera output data thus written in the
second memory 217, the system controller 205 controls the above
computing apparatus 219 sﬁch that the computing apparatus 219
performs the computing processing to generata position data
indicative of the position of defective pixel which outputs a
signal of peculiar level under the condition that no light is
illuminated and blemish level data indicative of the peculiar
level of the signal output from the defective pixel indicated
by the position data.

The above-described computing apparatus 219 responqs to a
temperature at which the charge accumulation time of the CCD
image sensor 204, the number of synchronizing addition and the
above-mentioned camera outpuit data are stored in the second

memory 217 to perform the computing processing to normalize the



line counter 19 is supplied to_the peak -hold circuit 18 which wll be
described later and to the control pul se generator 21. The count val ues of

the line counter 19 redpisshgeiilgspeaBeplatetiond o addresses of #he sSOET &5 b |
state i mage pickup el errenm H m tical ghrection, - Ref geatjacgd

back to the peak hold ci peak hol d circuit 187TS

a conparator 18a for conparing the present and past digital video
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hori zontal address of a defective pixel, a 9-bit flip-flop 18c for

storing agenerating the blemish level data together with the position
data. The blemish level data generated from the computing
apparatus 219 are written in the first memory 210 as the
blemish correction data together with the position data under
the control of the system controllexr 20S.

Then, in the blemish correcting circuit of this
embodiment, the blemish correction data written in the first
memory'210 in the blemish detection mode is read out from the
first memory 210 and converted to analog data by the D/A
converter 211 so that, when the user takes a picture in actual
practice, a blemish corréction signal is generated and the
blemish correction processing is carried out by the signal
subtracter 209.

Incidentally, in accordance with the blemish correcting
circuit of this embodiment, by utilizing a frame memory as the
second memory 217, blemish data can be written in.the first
memory 210 Sy one operation. When a line memory is utilized as
the second memoxry 217, the blemish correction data nmay be
written in the first memory 210 by operation more than the
number of lines. Furthermore, blemish may be detected at every

point by utilizing a register as shown in a fourth embodiment
of the present invention shown in Fig. 20.

The embodiment of Fig. 20 ,is different from the embodiment
of-Fig. 19 only in the arrangement of a blemish detecting
section 230, and common constituents in Fig. 20 are marked with
the same references, thereby the detailed arrangement need not
be made.

The blemish detecting section 230 in the embodiment shown

in Fig. 20 is composed of an address counter 221 for counting
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the number of clocks from the CCD drive section 207 to generate

address data corresponding to respective pixels of the CCD
image sensor 204, a high-pass filter 222 to which digital
camera output data, which results from converting the camera
output signal from the CCD image sensor 204 by the A/D
converter 214, is supplied, a comparator 223 and an adder 224
to which the camera output data is supplied through the high-
pass filterxr 222, first and second switches 225 and 226 which
are changed in position by an output from the comparator 223, a
first register 227 which temporarily stores the camera output
data supplied from the high-pass filter 222 through the first
s#itch 225, a second register 228 for temporarily storing
address data supplied from the address counter 221 through the
second switch 226, and a third register 229 for temporarily
storing added output data from tbe addef 224. _

In the blemish correcting circuit in this embodiment, in
the blemish detection mo&e, the system-controller 205 causes
the CCD image sensor 204 to operate in the frame read-oﬁt_mode
undexr the éondition that éhe irie mechanism 202 is closeq.

Then,.the comparator 223 in the blemish @etecting section
230 compares the current camera output data supplied through
the high-pass filter 222 with the camera ou%put data previously
stored in the first registre 227. .When the current camera
output data is larger than the camera output data previously ‘
stored in the first registre 227, the comparator 223 changes
the first switch 225 in position so that the current camera
output data is stored in the first register 227, and changes
the second switch 226 in position such that the address data
indicative of the pixel position of the CCD image sensor 204

which generates the above present camera output is stored in
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by the comparator 223, and the first register 227 which stores
the camera output data supplied through the first switch 225
are operated as a peak level detector which detects the peak
level of the camera output data supplied through the high-pass
filter 222. Further, the second switch 226, changed in position
by the comparator 223, and the second register 228 which stores
address data supplied from the address counter 221 through the
second switch 226 are operated as a detector which detects the
pixel which produces the peak level data stored in fhe first
register 227, that is, the position of the defective pixel.

Address data indicating the defective pixel position at
which the above-mentioned camera output data takes a peak value
is stored in the second register 228. The address data
indicating the defective pixel position is supplied to the
system controller 205 and the computing apparatus 218.

Since the .data latching timiﬁg'of the third register 229
which temporarily stores added output dapg of the adder 224 is
controlled by the system controller 205, the third register 229
latches camera output data, which are dervied from the
defective pixel indicated by the address data latched in the
second register and which are added by the adder 224 in a
synchrohizing'fashion, to thereby generate camera output data
whose S/N ratio is improved. Camera output data obtained in
the third register 229 is supplied to the above-mentioned
computing apparatus.

If it is determined by the computing apparatus 219 that
the camera output data obtained at the third register 229 is

s=ffjciently larger tahn the noise level, this computing
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I mage i cki,n for a white diffusion a
assungd ?ﬁg %Wﬁ? ﬂWFfﬁgn%ﬁﬁNQQQa%ﬂ?gelﬁﬁﬁﬁ?ﬁa?Qé'b}5§|q ﬁa?ﬁon
1 ght frthE%%&%'é%%kormed in a synchronlzlng fashion, and the camera

output data are latched in the second memory 217 to normalize

the camera output data obtained at the third register 229;

thereby blemish level data being generated. The blemish level
data obtained by the computing apparatus 229 is written in the
first memory 210 together with the position data of the

defective pixel indicated by the address data latched in the

second register 228 as blemish correction data.

The blemish correction data written in the first memory -
210 is read out from the first memory 210 and converted into
the analog data by the D/A converter 211, thereby forming a
blemish correction signal.. Therefore, while executing the
blemish correction processing, the above-mentioned blemish
detection mode is repeatedly carried out until the camera
output data obtained in the third register 229 becomes less
than the noise level,

| The blemish correction data thus written in the first.
memory 210 in the blemish detection mode is read out from the .
first memory 210 and converted into the analog data by the D/A
converter 211 so that, in the actual camera mode, the blemish
signal is generated and the blemish correction processing is
executed by the signal subtracter.

As described above, in the image defect correcting circuit
according to the present invention, of the respective pixels of
the image pickup elements, the position data indicating the
position of the pixel which outputs the signal of the peculiar
level under the condition that no light is incident thereon and

the blemish data indicating the peculiar level are generated




opposite to the imge pickup direction), is supplied to a noni t or
recei ver, such video signal is displayed on the picture screen of the

noni tor receiver and the user of the solid sgate I mager -
position of new bl enish other than those registered befof @RENEHERTHEMS BEEN
the defective pixel designating node. - | nci dent al y, {REBLACED

regi stration of the position of the defective pixel

gn be undeé st ood
as fol | onendWsaered lnd%?%c?FVQrﬁlﬂﬁaqﬁmwuﬁ“tﬁpﬂe?EEPg ARSI

D e Bets ‘be upS LA Epb I Yol e ks eI R HAES
fromthe signal of the level indicated by the blemish level data is
subtracted from the output signal of the pixel of the position
5 indicated by the above-mentioned position data, therxeby
correcting the signal level of the output signal from the pixel
included in the solid state image pickué element such as the
CCD or the like and which outputs the signal of the peculiar
level under the condition that no light is incident. 1In
) addition, when the blemish level of the image gickup element is
changed in an aginé change fashion or when new defective pixel
occurs, the proper blemish correction processing can be
effected.
Having described preferred embodiments of the invention
j with reference to the accompanying drawings, it is to be
understood that.the invention is not limited to those precise
embodiments and that various changes and modifications thereof
conld be effected by one skilled in the art without departing

from the spirit or scope of the novel concepts of the invention

) as defined in the appended claims.
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19 solid state inmager. is supplied to the nonitor receiver and the user
visual Iy confirms a picture displayed on the picture _screen of the monito ;?
recei \?b'ls qetf@SBee&RbMeFek pi cture displayed when the irTEISI SHBHTQSEIBREN 3
mhlte ed when the white 8Pffusion plgte. |§_ppmkaﬂ)up)
Then, a mar ker of, for exanple, a cross Shm’iﬂdls
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. An image defect correcting circuit for a sclid state

mager, comprising:

a) comparing means for comparing levels cf output signals
rom respective pixels of a solid state image piIckup elements
lluminated on its whole surface with a light ©oZ uniform
wrightness with a predetermined level;

b) position data generating means for generating data
ndicative of a position of pixel which outputs a signal of
)eculiar level on the basis of the compared resz=lt of said
:omparing means;

c) interpolating means for interpolating &= output signal
utput from a pixel located at the position indicated by said
osition data generated from at least said position data
jenerating means by using an output signal dexzZ=wa=d fron other
>ixel; and

d) switching means for selectively syitchi:g the output
signals of said respective pixels and an output signal of said.
interpolating means on the basis of the output =ignal from said
>osition data generating'ﬁeans.

2. An image defect correct;ng circuit for & s2lid state
imager according to claim 1, wherein said pos_-_on data
jenerating means generates data Lndlcatlve of & §osition of a
2ixel which outputs the signal of peculiar levsl when said
image defect correcting circuit is connected tc a2 power supply
source. |

3. An image defect correcting circuit for a s=lid state

imager according to claim 1, further comprising

a) an iris for controlling an amount of lizht incident on

said solid state image pickup element; and



and the pos he cross-shaped narker i's Stored in the RAM 25
and the EEP id state inmagef as the ppsi ti amephcthe
defective pixel. In this defective pixel. designati ng Tode,—a video—stgnal
provided before or after the interpol ation pr. ceSS|nJégased on defectlve
pi xel data abpeddyjisstepnereh ?ﬁé“EE SRLEP Prior S qﬂkils
sel ection Ofﬁéhls node can, be sel cont oIIer

has, fofOBkERPI Means Floyipg,sai aﬁElFfwPﬁ@ &ﬁ&éiﬁﬂﬁﬁa PhedRbPsor key,

addressgdataayyﬁén%éaé% generates said position data.

posi tion of a _new bl eni sh V|sually confirmed by ope ulﬂ u ' "ﬂﬂtﬁu"
control | er mﬁaﬁmﬁ feferred to | ater, i mager,
|t|H

4. An image defect correcting circuit for a solid state
imager, comprising:

a) comparing means for comparing levels of 6utput signals
from réspective pixels of a solid state image pickup element
illuminated on its whole shrface with a light of uniform
brightness with a predetermined level;

b) position data generating means for generating data
indicative of-a position of a pixel which outputs a signal of
peculiar level on the basis of the compared result of said
comparing means;

c) memory means for storing posifion data derived from at
least said position data generating means;

d) interpolating means for interpolating an output signal
output from the pixel located at the position.indicated by the
position data read out from said memory means by using an
output signal of othexr pixel; and

| e) switching means for selectively switching output
signals of respective pixels and an output signal of said
interpolating means on the basis of the output siénal from said
position data generating means.
5. An image defect correcting circuit for a solid state
imager according to claim 4, wherein said position data
generating means generates data indicative of a position of th=
pixel which outputs the signal of peculiar level when said

image defect correcting circuit is powered.

6. An image defect correcting circuit for a solid state

imager according to claim 4, further comprising:



the position of the cursor.is increased and/or decreased during _the

depr essi ofhisgheet Hes BeepRepleceley.  The address data | lied to a
mar ker gen I ' will be explai neg neitl”lllﬂmg‘mgﬂwqm AhOTRIEe
supplies d | exanple, in an® nco wip abep
i ndi cates a cross-shaped narker whose wi dth corresponds to one pixet =
t hrough the sw tches SW2, SWB and SW to the output terminals TO T1 and
T2 only whenatjhen iadik essrdabatiodmiite amramousondfolight?2 Arnidentesn
with the ad&ress data supplied thereto via the bus Bu fromthe line
count er sadaseliilte stite cbmager pickuthalementseandoves the  cross-shaped
mar ker to the position of the blem sh to be new

b) iris control means for controlling said iris, said iris

control means closing said iris when said position data
generating means generates said position data.

7. An -image defect correcting circuit according to claim 4,
further comprising displaying means for displaying an operation
guidance to an operator.

8. An.image defect correcting circuit according to claim 7,
wherein said displaying means displays an informétion by which
said operator is urged to pick up a white pattern.

9. An image defect correcting circuit according to claim 4,
further comprising:

a) a filter supplied with an output signal of said
switchingmeans and which eliminates a DC component and a low
frequency component involved in said output signal; and

b) selective outputting means supplied with an output
signal of said filter and for selectively outputting sai@
output signal. and a.signal which results from phase-inverting
said output signal, an output of said selective outputting
means being supplied to said comparing means.

.10. An image defect correcting circuit according to claim 9,
wherein said selective outputting means selectively outputs
said output signal and said phase-inverted output signal on the
basis of data which indicates whether the present operation
mode is a white blemish detection mode or a black blemish

detection mode.

11. An image defect correcting circuit according to claim 4,

further comprising:

a) display means for displaying the output signal of said
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reglstamg¢hng&ﬁgml ﬁ&& key and the cross-shaped marker

f blemish to be registered, if the '7“@ ﬂﬂluﬂw
exarrpl e ﬁm ddress data indicati the present poSk
cross-sh d a wite control sﬁgnal are supplied fromthe ®

mar ker controller 27 t hrough the marker.generator 26 anp;g%ga%5§—ﬁu—%%g§h
RAM 25 and t he TEBT HAs BEE: ’e
switching means; REPLA9§D

b) input means for displaying a marker on said display
means and outputting a defect position designating signal; and

c) second position data generating means for generating
position data corresponding to a position at which said marker
is displayed when said defect position designating signal is
input by said input means, position data generated from said
second position data generating means being stored in said
memory means.

12. An image defect correcting circuit for a solid state
imager, comprising:

a) phase inverting means for inverting phases of output
signals of respective pixels of a solid state image pickup
‘element illuminated on its while surface with a light of
uniform brightness in association with é read cycle of said
solid state imager pickup element

b) comparing means for comparing output signals of said
phase inverting means with a predetermined level;

c) position data genérating means for generating data
indicative of a position of a pixel which outputs a signal of
peculiar level on the basis of compared result of said
comparing means;

d) interpolating means for interpolating an output signal
output from the pixel located at thé position indicated by the
position data read out from said memory means by using an
output signal of other pixel; and

e¢) switching means for.selectively switching output
signals of said respective pixels and an output signal of said

interpolating means on the basis of the output signal from said

position data generating means.
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14. An image defect cor
imaéer according to clai

composed of a register £

"plurality of pixels located in the vicinity of said defective
pixel of said solid state image pickup element, absolute value
computing ﬁeans for computing an absolute value of level

difference of output signals of respective pixels stored in

said resister, and absol

respective computed results of said absolute value computing
means and said selecting means is composed of a decoder for
outputting selection control signal on the basis of computed
results of said absolute value computing means, an output

signal of said decoder being supplied to said interpolating

means.
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user performs several designations directly. Ref eC} “\“H I“I“M\l\lm“‘

fol | owt.ng & he mbokdoéa operation, it is determned in

whet h
t hat i
det ect
then t
i's out
t he app

in the or ne

ST-2 “ﬂﬁ&&@i,oﬁoﬂgklEmhg.

eci < ot st'ep®s

I er inputs data indicating the occurrence of ble,fsh
:”l““‘ﬂmuwﬁimnputs data to select the inmage pickip sABEE HASIBEEN
i ve pixel. If a YES:.is output at deci SiREPLMCEP ST-1
he processing proceeds to the next @fkcision step—ST-Z; and 1T a NO
put at step ST-1, then the processing returns to step ST-1 whereat
r at ta in S r @us is set
e plg%é¥iééfr88£1R¥ EE?cu;%. SFé%mﬁﬂgi eC|S|on step

a) position data generating means for generating position
data.indicative of a position of a pixel of respective pixels
of a solid state image pickup element and which outputs a
signal of peculiar level under the condition that no light is
incident on said solid state image pickup elément;

b) blemish level data generating means for generating
blemish level data indicative of a level of a signal output
from the pixel indicated by position data from said position

data generating means;

c) memory means for storing said position data and said
blemi§h level data; and

d) correcting means for subtracting a .signal of level
indicated By said blemish level data from an output signal of
the pixel located at the position indicated by said position
data onlthe basis of an output signal from sai@ memory means in
the camera mode. |
16. 2An.image defect correcting circuit for a solid state
imager, comprising:

2) position &ata generating means for generating position
data indicative of a position of a pixel of respective pixels
of a solid state image pickup element and which outputs a
signal of peculiar level under the condition that no light is
incident on said solid state image pickup e}emeﬁt;

b) blemish level data generating means for generating
dlemish level data indicative of a level of a signal output
from the pixel indicated by position data from said position

jata generating means;

c) memory means for storing said position data and said



chame! “1 ﬁmﬁfﬁg oten. °T7 3 S22 Coitnut o BRI I
* c L M S *

then the p eds to the next 6
21 deci si If a NOis output at s%ep ST-2, then the
processing returns to step ST-2 and step ST-2 is repeated. |MpRlEREES HAS BEEN
data ingicative of channel may be input by the user | i
" plemish level daté% P y REPLACED _

d) temperature measuring means for measuring a temperature
of said solid state image pickup element;

e) temperature correcting means for temperature-correcting
W said blemish level data output from said memory means on the
basis of an output signal of said temperature measuring means
in the camera mode; and

f) correcting means for subtracting a signal of a level
indicated by said temperature-corrected blemish level data from
 the output signal of the pixel located at the position
indicated by said position data on the basis of an output
signal of said temperature correcting means and an output
signal of said memory means.
17. An image defeét correcting circuit for a solid state
i imager according to claim 15, further comprising:

a) an iris for controlling an amount of light incident on
said solid state image pickup element; and

b) iris control means for controlling said iris, said iris
control means closing saié iris when said position'dafa
b generating means. generates said position data.
18. An image defect correcting circuit for a solid state émage
imger according to claim 15, further comprising driving me;ns
for driving said solid state image pickup element, wherein said
driving means extends a duration of a charge‘accummulation time
of said solid state image pickup element longer than that of a
charge accumulation time of the camera mode when said blemish
level data generating means generates said blemish level data.
19. An image defect correcting circuit for a solid state
imager according to claim 15, further comprisig normalizing

means for normalizing said blemish level data generated by said




or the digital video signals R G and B may be automatically selected i]

t hat order. In step ST-3, it is determ ned whet hel THises#BENsH BEBNt|he
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en the processing returns to step step ST-3, whereat it S |
tned whether or not the blem sh is the white bl em sh. Whet her or (.

not blem sh is the white blem sh or the bl ack bl em sh may be i nput by
the J@er and alternatively, such determ nation may be automatically

perf med by the output state fromthe high-pass filtef THS SHEET HAS BBEN
step PT-6, the user is instructed to pic&3up a white at t er RERDACHED

i nstrggcti ons di splayed on the display section 28 which I's déescribed—wtt
refergnce to Fig. 3, and then the processi ng proceeds to the next step
ST-7 In step ST-7, the blem sh is neasured, and then the

ABSTRACT OF THE DISCLOSURE

An image defect correcting circuit for a solid state

imager is arranged such that levels of output signals of

05 pixels of a solid state image pickup element (51R, 516G,
51B) illuminated on its whole surface with a light of
uniform brightness are éompared with a predetermined
level, data indicative of a position of a pixel which

outputs a signal of peculiar level is generated on the

10 basis of the compared result, a video signal output from
at least the pixel located at the position indicated by
the position data is interpolated by. using output
signals of other pixels according to an interpolation
processing (63) and the output signals of the respective

15 pixels and the video signal generated by the
interpolation processing are selectively output on the
basis of the position data.
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need n designate directly other than the imge pickup node for

detect §ng the defective pixel will be explained briefly LR Tete e to
a flowghart fornmng Fig. 5. RefhpL to Fig. 5, f Wejon _ﬁ7
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user I nput the data indicative of the occurrence of blem sh, that 15
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from 4@e control pul se generator 21 shown in Fig. 3 is supplied to the
switcrllSWs to thereby sel ect the dlg; eo signal R and then the
proceSgi ng proceeds to step ST-8. /1;45tep ST-4, it i s—determned
whet he§ or not the detection of the blenish of the digital N8EBEET §ndlsuay
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andﬂuhéh IhsBeequgacar oceeds to step ST-8. Is determned in
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roceeds to step ST-9.

cessing proceeds to the next deci
is.-determned in decision step ST-10 by t

In step ST-9,

the blemsh is

nmeasur ed
I on step ST- 10.

It

gta-frem-the-Line

coumseﬂheelgasaﬂwdlliembcedell counter 20 shown i I;% 3 \/\hﬁth‘"élr(’ SBEERGIAS BN |
scan rrE|sf|n|shed | f a YES is output tat—st BFPIEEEDD,
then proceeds to t he next decision step ST-11. If a NOTS
out put step

(:START:)

L= F1G. 6
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STATE TMAGER
— ST-3
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{
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] 1 sh i s continued. It is deter% ea( 0 deci si on step.ST-11 o
whet herflor not the blemsh is detected. If E’gFi s out put |afHIStBEESHASLRE:
then t@e processing proceeds to step ST-12, 'and if a NOis t PURERIACESY ep

ST-11, ghen the processing proceed to the next decision step ST-13. "
In stepyPST-12, blem sh data is witten in the RAM 25 and the EEPROM 24

shown i § Fig. Sﬁ.n7 tée pr&cessi ng proceeds to
' ) ( STHPTD

=
] DISPLAY MARKER AT
ARBITRARY XSITIon

24! t '|ln the processing returns to step ST-i, whereat the neasurenent of
bl

ST-1

’ ST-2
PosITION '
COMMAND EXISTS

upﬂh’\_“& ADPRESS oF
MARKER

SToRE ADDRESS DATA

IN RAM AND EEPROM

Y

ST-6
NO

.?EUEAS::

 DEFECTWE P\XEL o
2 TsiaNAT e HO0%
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next decision step ST-13. In step ST-13, it is determ ned whet her

detection of black blemsh is fi he r not. If a YES is output at
“ST-13, then the processing ret;j?sL ep ST-2, and

ut at step ST-13, then the proce proceeds to step
tep ST-14, an instruction is displayed on the display

in Fig. 3, for the user to pick up a white pattern. Then, the
essing returns to step ST-9, whereat the bl ack blem sh is detected.
he above-nentioned three nodes, the self-test node
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d out when the power switch of the apparatus is turned on wll be

descr®bed in brief with reference to a VAQ\ ?{fr%, of Fig. 6. Incidentally,

in thgs self-test node, the detection pe i ®on for autonmati — EEN
: : : - - s SHEET HAS BE

detecf§ing a white bl em sh when the apparatus is actuated w k| e EPLACED

carri

descr ghed bel ow. Referring to Fig. 6, followng the St
oper agi on, A st ST-1, t solid state inmager is powered, and then the
procegsi ng oceeds t he ne deci sion step ST-2. It is
det er ifi ned t™\deci si®on™st ep SF=2\whet her the detection of blem sh of the
digitdl videolsianal R finish
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25 or
to the n
t he proc
change-o
Fig. 3 i
signal R,

ot.

ssing proceeds to step ST-3.

If a YES is output at step ST-2, tj
xt decision step ST-4 and if a NO/i \g\o

en the proce
a at ste
the—smf%g?

8

p 'ST- 3,

er signal HPFSELECT from the control pul se generator 21 shown in
supplied to the switch SWb which the Cts the digitpl video
and the processigg proceeds to step $T-8.
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It "W determned in decision step ST-4 whether or not the detection of

bl en@sh of the digital video signal G ii i()?\im(ed. If a YES i s output at
st ep@ST-4, then the processing proce9ﬁ\s t next deci si PRy §REF RS BEEN
and @f a NOis output at step  ST-4, then 'the processing pr oceedgiEtpgAéérgzp 3

ST- In step ST-5, the switch change-over signal HPFSEEECSH+rom

t he gontrol pul se generator 21 shown in Fig. 3 is supplied to the switch
SWb ich then selects the digital video signal G and then the

procgssi ng proceeds to step ST-8. It wsndeterm ned in decision step
ST-64whet her the detection of bv[e—m'/sth tzzdi gital video signal Bis
fini ghed

F G T4A FIG. 4B
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or not.glf a YES is output.-at step ST-6, then the processing proceeds to
the fingl step ST-13, and if a NOis outpt a/Fbg ST-16 her—the-
0

processfng proceeds to the next step ST-7 In stef r’é}?é?sHEFFié"’Assv\?Effcm

change- @ver signal HPFSELECT from t he’cont ul se geune-La.LB.LﬁfE_En.Qmw

in Fig. §3 is supplied to the switch SW which then selects the digital

Vdeo sfanal B " and then the processing proceeds to step ST8 -
BN e R )
p dito th t step ST-10

L ATt DATA it st
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H H H H MH

H H H L M

H H L H MH

H H L L MR

H L H H MH

H L H L MR

H L L L MH

L H H H MH

L H L H ML

L H L L MR

L L H H- ML

L L H L ML

L L L H MH

L L L L My




| @determ ned in decision step ST-10 on thF basi s of

26 he address data fromthe |ine count er 19 a the cell qorr
sho in Fig. 3 whether or not the scannj ;o frame is fi
YES ig output at step ST-10, then the priocessj ng proceeds tothe

deci s§on step ST-11, and ifa NOis output at step ST-10, then t he
%£sing returns to step ST-9, whereat the neasurenent of blem sh |s

cont i fiued. rm ned | Si p ST her or,

the bfem sh f:‘éézictez-gf YES /:PJaf; p ST- ?h nt QES
$£Sing proceeds to step ST-12, and if a NO I s out put a stép ST- 2

t he f)IIomAngK?teps are repeated. In step ST-12, blem sh data

detecjed is /Qﬁ /ijﬁg/gEPRCN|2¢<;?b //2/;/;//
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in Fig. 3 and then the processing returns again to the step.ST-2
the final step ST-13, data stored in the E§PRCNI24 |s Io %ﬂ“pHLEﬁ@NQﬁﬂﬁ&i

shown in Fig. 3 and the processing |i/ﬁﬁ§¢ 64&Et e_aboREELMERDI oned
t hree nodes, the defective pixel desiqgnatli e wll be described briefly
with reference to a flowchart formng Fi-g. 7. Referring to Fig. 7,
followng the Start of operation, in step ST-1, when the user designates
this node by using the operation unit 29 shown ig-Fig. 3, the cross-shaped
mar ker generated fromthe nmarker generator 26 she&tn in Fig. 3 is displayed
at an arbitrary position of the picture screen OPJthe norsinyeEgeei ver to
whi ch the output video signal fromthe solid sta i megesop! cdaunz@ppar at u

is supplied. Then, the processing proceeds to th nexL—denL&Laa_step ST- é?l
It is determned in step ST-2 by the user by op tlﬁb t he markerQ
controller 27 shown in Fig. 3 whether or not tht
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e e e

positior‘ command fromthe marker controller 27, or the address data exists.
If a YE§ is output at step ST-2, then the procgssing proceeds to the next
step ST43 and if a NOis output at stepS Q Zﬁ paratus is I?.h]u_

the standby node for the input. t -8, each time tihe s"f;)”HASB“
oper at, eql the marker coitroller 27, the address of the cross-sha RRBIACED

i s updated by the mar kﬁlk generator 26 and the cross-shaped marker is noved

on the picture screenof the nonitor recejver. Then, the processing

proceeds to the next dg¢ision sfep ST-4. In step ST+4, when the user
pushes a button or th i ke after the posytion of the crosjs-shaped marker

i's made coi ncident wi th{the p05|t|on of~tThe Pl em sh di scoviered on the

pi cture screen of the(%mnltor receigher by t user, addresis data suppliedif
fromthe nmarker contr er 27 aff that~i i stored. Then}, it is O

det ermiined whether or J¢t the bytt &N i $ Pushed. If a YES ifs output at step
ST-4, t!he processi ng pceeds td step Rlan dif a NOis jutput at_step /

ST-4, tlhen the processing returfgps to step] ST-2. In step sT-b, the
addresg data supplied ffomthe rker congrol ' Ped—mthe RAM{25
and the EEPROM 24 shownjin Fig. |3 as the gdatd of the fl gm [pi xel | aljd <
t hen the pro@§3| ng progesg, %?Xt CLYl pn step S"-Qt‘ Inmst@p
ST-5, nmessgge i ndi cat t ' pixeledesi natj ng
mode i$ released is dis mbay section 28 s@ in Flg. = &
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3 for the user

whet r not the rel ease THfS FHEET HAS BEEN l
-sel—emdrby—ﬂﬁe—usef by—eherat SEYARED |

defe t|rV'e~pHeeI f o vatilie sYa =N
opg on ggction 29. If a YES is out put at step ST-6, t si ng
| s—epded arqy i f tpot -& o
288, {henDhe plocdssjng rett p ST e~Q
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avail abl e.. In the nornal canera node, the defective pixel is ingggﬁgg%gﬁechET

on the b i:s of the data stored beforehand in the EEPROM 24;
node fgy tecting the defective .pixel, not only the inspect]oh of th

e
bl emi 8h before the solid state imager is bought by the user kah B¢/ DEC 1996
con5|ﬂerably sinplified but also data can be additionally prpovided to the

data stored beforehand in the EEPROM 24. Particularly, in the self test

node whi ch needs no input by the user %hen the solid state i ger

switched ON akhAuiifE Wizt FRAREDEERE CACUNT For ADSOFED OFiAME can be
automatical l'y carried out when the Id state I mager 1S powere urt her
in the defetive pixel BACKGROUND OF THE INVENTION

Field of the Invention

The present invention generally xelates to an image defect
correcting cixcuit for a solid state imager which co:ﬁecte
image defect involved in an output image of a solid state image
pickup element. - More particularly, thie invention relates to
an image defect correcting cixcuit for a solid state imagex in
which an image defect involved in an output image of a solid
state image pickup element is coxrrected in accordance with an
image defect pbsition information generated on the basis of an
output éf the solid state image pickup element.

Description of the Priox Art | .

Of pixels (picture elements) of a solid state iﬁage pickup
element, a pixel, which is not opexated normally due ts lattice
defect ox the like, is what might be called a blemish. Of the
blemishes, a blemish produced by a pixel which generates a
large voltage as compared with other normal pixels, is called a

| white blemish, while a blemish prodnced by a pixel which
generates a small voltage or whieh produces substantially no
voltage as compared with other normal pixels, is. called a black
blemish. '

Figs. 1A to iF show, when an iris of a so-called three CCD
(chaxge coupled device) type televieion camera is élosed,
respectively, its solid stgte-image pickup elements r, g and b
and red, green and.blue ;ideb signals Vr, Vg and Vb output from
these solid state image pickup elements r, g and b,

As is clear from Figs. lhfto 1F, since the solid state f? P
image picknp elements g and ' shown 1n‘Eigs. 1c and 1E huve ;;

- blemish, the video signale Vg and Vb from these solid state

3, .
%




desi gnating node, data indicative of blenish visually discove
user canspe stored in the EEPROM 24, whereby mnute white bl ¢
bl ack bl em sh al so can be interpolated. In the descri

3, the inmage defect correcting circuit in the solid state
provi‘ded i nsi de or outside the solid state i nmager. Further,
m croconputer 23 may be replaced wth, for exanpl e, a persg

nal conputer

pti on of Fig.
nege® HBFChEos
tihe

and this personal conputer nay be connected via, for exanpl
interface to the _solid |

RS- 232C

a fl oppy d.imyg,e giﬁﬁgﬁ e?g{alg%tt?ii:sc rm%g{%é:' 'i’xa%a&eﬁ%égg&orwgpﬁ'f&’ﬁ@”

or theé

to H{e MY be

jevel under the condition such that no light is incident

thereon as shown in Figs. 1D and 1F. On the other hand, the

solid state image pickup element r shown in Fig. 1A has a white

blémish at a position shown by a solid arrow in F#g. 1a.

Accordingly, as shown in Fig. 1B, in the video signal Vr from

this solid state image pickup element r, the level thereof

becomes high at the. position of the video signal Vr

.corresponding to the pixel shown by the solid arrow in

Fig. 1a.

Figs. 2A to 2F show, respectively, solid state image

pickup elements r, g_ahd b and red, green and blue video

signals Vr, Vg and Vb output from these solid state image

pickup elements r, g and b when the three CCD television camera

similarly to Fng'l is used and a white diffusion plate:

(illuminated in the direction opposite to the camera pick up'

direction by an illumination and this condition will not be.

changed in the following description) is picked up by this

television camera.

As is clear from Figs. 2A to 2F, since the solid state

image pickup elements g and b shown in Figs. 2C and 2E have no

blemish, levels of video signals Vg and Vb from these solid

state image pickup elements g and'b are equal to levels in

which the respective solid state image pickup elements

are

illuminated on their whole surfaces with a liéht of uniform

Y

brightness.

On the other hand, the solid state image pickup

element r shown in Fig. 2A has a black blemish at a position

shown by a solid arrow in Fig. 2A. "Accordingly, in the video

signal Vr from this solid state image pickup éieﬁébﬁ.;;fas'

shown in Fig. 2B, regardless of the fact that the solid state

image pickup element r is illuminated on its entire surface



when an external storage apparatus is utilized. Furthernore, ;'_ - -
above- nent i oned i nage defect correcting circuit can be f abr éﬁ?ﬁéﬁhéﬁﬁh3HtET
| C with ease. According to the above enbodi ment of the present

invention, an image defect correcting circuit for a solid statle | G7DEC 1996
29 ¥ 3

with a light of uniform brightness, the level of the poSition

of the video signal Vr corresponding to a pixel shown by the
solid arrow in Fig. 2A becomes substantially zero.

When a video signal from the television camera having
incorporated therein the so{id state image pickup_elements
having white and black blemishes shown in'Figs. 1A to 1F and
Figs. 2A to 2F is supplied to and displayed on a monitor
receiver, if an iris of the television camera is closed, a
white blemish is displayed on the picture screen of the monitor
receiver. When the white diffusion plate, for example is

picked up by the television camera, a black blemish is
displayed on the picture screeh of the monitor receiver.

It is substantially impossible to perfectly prevent white
and black blemishes of the solid state image pickup element
.from occurring in the manufacturing-process of the solid state
image pickup element. Fuither,.even in the solid stgte image
- pickup element where no blemish.is discovered in the
manufacturing-process, it is frequently observed't@at a white
or black blemish occurs in such solid state image pickup
element during such solid state image pickup elemént is.
fabricated into a hous;ng of a television camera and is used as
the television égmera. . |
- Conventionally, as is well known from, for example,
Japanese Patent Published.Gahette No.60-34872 the detection of
blemish is cgrried out on each solid state image pickup
element, the position of the detected blemish in the solid
State image pickup élement is detected, and data indicative of
the position of blemish is written in a read only memory (ROM).
Then, the solid state image pickup element and the ROM are

in°°rPorated into the camera apparatus so that, when they are



| mager is conprised of conparing neans for conparing | evels of ..ouiput

signal s.fromrespective pixels of a solid state inmage pick m‘;lpenﬁﬁ;ﬁﬁ\ﬁ SHEET
illuminated on its whole surface with a |ight of

uni form brj g SsWrtTa
predeterm ned | evel, position data generating neans for genker Q
I

L g
i ndi eative of a position of pixel which outE)uts a signal of} pec 'lgg“%]lg\?él
on the basis of the conpared result of said conparing neans

nt.erpol ating
means for interpolating an output signal output fromthe pixel |ocated at
the position_indical

P LRBEARI R S BRSLLAAI IBhAendeHEL A Wt IhuBEateast—the
posi ti on dat'8®geherati ng neans by usiHg an output signal derived from
ot her pixél ;,a08a6ing ClieNPosition of blemish read out from the ROM, a

video signal output from a pixel having a blemish is
interpolated by using output data from other normal pixels.

Incidentally, according to the method in which the solid
state image pickup element is inspected independently and
address of défective pixel is written in the ROM, the solid
state image pickup element and the ROM therefor must be
constantly administered perfectly as a pair.-

Further, when a new blemish occurs after the solid state
image pickup element and the ROM as a pair are incorporated
into the housing of the camera apparatus and bought by the user
as the television camera, such camera apparatﬁs_is returned
from the user, the solid state image pickup element and the ROM
are again disassembled from the housing of the camera
apparatus, and the solid state image pickup element is
inspected to detect a defective pixel and an address thereof.
if the RbM is a so-called one-time Rog, a new ROM is prepared
and if the ROM is an EPROM (eléctrically p:ogrdmmablé ROM), all
data are erased ‘and addresses of all defective pixels detected
are written in the EPROM. Then, such solid state image pickup
- element and the ROM as a pair are assembled.into the housing of

the camera apparatus and returned to the user.

As described above, in the conventional image defect
correcting apparatus, a corresponding relation between the
solid state image pickup element and the ROM must be
administered, and when new black blemish or new white biemish
OCCufs after the assembly-process, the solid state image pickup
element and the ROM must be disassembled from the housing of

the camera apparatus and data must be changed. Then, they must



means for selectivel y-swi tching the out put 5| gnal s of the SM‘LI\'S/@“ NT SHEET
plxels and an output S|gnal of th AEans on t §T§“Uf“t¢mr"

ut put “si gnal W tTEIS§ 'éf\? ﬁtheans Ther f

mhen bl emi sh occ ,&" E stat hﬁngDIFk p el enent jh use&ﬁ ﬁ§6

housing, the |nthe solid statelmage pi ck plet-ene.nt—ca.n_._
be |nterpolated w t hout |sassenbllng the 8olid state inage {pi ckup

“elenent fromthe housing.

be again assembled into the housing of the camera apparatus,

which is qonsiderably cumbexrsome.

OBJECTS AND SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide an improved image defect correcting circuit for a solid
state imagef in which the aforenoted shortcomings and
disadvantages encountered with the prior art can be
substantially eliminated.

_More specifically, it is an object of the present
invention to provide an image defect correcting circuit for a
solid state imager in which, even when a new crystal defect
occurs in a solid state image pickup element, an image defect
inyolved in an output image from that solid state image pickup
element can be corrected satisfactorily.

It is another object of the present invention to provide
an image defect correcting circuit for a solid state imager in
which, when an image defect involved in an output image from a
solid state imége pickup element is corrected by an
interpolation processing, a deterioration of image quality at
the corrected portion can be suppressed to the minimum.

According to a first aspect of the present invention, an
image defect correcting circuit for a solid state imager is
comprised of a comparator for comparing levels of output
signais of pixels of a solid state image pickup element
illuminated on its whole surface with a light of uniform
brightness with a predetermined level, a position data
generating circuit for generating data indicative of a position
of a pixel which outputs a signal of peculiar level on the
basis of the compared rgsult of the comparator, an

interpolating circuit for interpolating an output signal from



30 A second enbodi nent accordlng to the present wl |

her ei faLEQ Rz nT SHEET
described with reference to =7 !n the secondT _@d?ﬁgkrT SHEET
shown in Figs. 9 to 17, the on fis applied to a gignal o
processi ng systemof a so-ca ype solid statg iinege PECKORS
apparatus in which a color imge is pickedgup by three solid|stlate i mage
sensors 51R, 51G and 51B on which image pickup screens there jare~tocused
obj ect imges analyzed in color into red, green and blue thrde primary

col ors by ashénmigeslpilsicagedpet ctlhe gystigronoindicated by the position
data generated by the position data generating circuit by using
output signals of other pixels and-a-change switch for
selectively outputting the output signals of respective pixels
and an output signal of the above interpolating circuit on the
basis of an output-signal from the position data generating
circuit.

Aé a second aspect of the present invention, an image
defect correcting circuit for a solid state imager is provided,
in which a video information corresponding to a positioq of a
defective pixel of a plurality of pixels of the solid state
image pickup element is generated on the basis of a video
information from pixels located at other positions according to

an interpolation processing. This image defect correcting

circﬁit for a solid state imager is comprised of a comparator
for comparing levels of video signals derived from a plurality
of pixels located in the vicinity of the defectivé pixel, a.
selecting circuit for selecting the video information of the
plxel used in the interpolation processing on the basis of the
compared result from the comparator and an interpolatlng
circuit for generating the video information corresponding to
the position of the defective pixel on the basis of the video
information of the pixel selected by the selecting circuit
according to the interpolation processing.

The above, énd other objects, features and advantages of
the present invention will become apparent in the following
detailed description of illustrative embodiments thereof to be
read in conjunction with the accompanying drawings, in which
like reference numerals are used to identify the same or

Similar parts in the several views.

This Sheet Has Been Replaced




I mage |ight. As shown in Fig. 9, in the signal processijn el
this sokid state image pi ckup apparatus, a red canera out put g{Egg@ﬁ@\ﬁnlﬁHEET
the solid state i mage sensor 51R for plcklng up a red i mage {i § supplied
through a pre-anplifier 52Rto an A/D converter 53R and is |t jer@BEyDEC 1995
convérted to a 10-bit digitized red camefa data Derr], whighlis then fed
c

to a first input termnal . 61R of an inmage defect correctingjcircuit 60
according to the presenf.

al_f
solid state imge sensor-g%%éwﬁbﬁl oft” B8 N2 HHlANNEPUL S| roma

ge is supplled
through a pre-aiRls.f 1@r t828rt frénsdNdmatqRy aibgfams > rébpfbdtively, used

to explain a white blemish involved in an output image from a

solid state image pickup element;

Figs. 2A to 2F are schematic diagrams, respectivel&, used
to explain a black blemish involved in an output image from a

solid state image pickup element}

Fig. 3 (formed of Figs. 3A, 3B and 3C drawn on three
sheets of drawings so as to permit the use of a suitably large
scale)'is a block diagram showing a first embodiment of an

image defect correcting circuit for a solid state image pickup

element according to the present invention;

Figs. 4, 5, 6 and 7 are flowcharts, xrespectively, to which

references will be made in explaining operatiqn of the image

defect correcting circuit for a solid state imager shown in
Fig. 3;
Fig. 8 is a schematic diagram used to explain an

interpolation'processing done by a conventional image defect

correcting circuit for a solid state imager;

Fig. 9 is a schematic block diagram showing a second
embodiment of the image defect correcting circuit for a solid
state imager chording to the present invention;

Fig. 10 is a schematic diagram showing a'strﬁcture of a
solid state image pickup element which supplies a video signal
to the image defect correcting circuit for a solid state imager
°f the present invention;

Fig. 11 is a séhematic diagram showing in detail an
jJ\tex:polat:ion information generating reans used in the image
defect correcting circuit for a solid state imager according to

the present invention shown in Fig. 9;



thereby converted to a 10-bit green camera data D{err], which |i REPLACEEITOEHEET
to a seegond input termnal 61G of the inmge defect correcting [crrecurt66-
Further, a blue canera output signal froma solid state inad

a bl . . ! € 6@;?‘@% 5004
51B for picking up a blue inmage i's Supplied through a pre-janpl i'fi FosBRb
to an A/ D converter 53B, and is therebygsconverted into a %0-bit..hlue

| mge data Da, which is then fed to.a third input term nal} 61B of the

i mage ‘def ect__cor

cting circuit 60. As the aboye-TrENttoNed
solid state i nab‘égSeE§O$? %h%‘f’ke“}aé‘ic diﬁ????ﬁ?‘?“@cﬁgfnﬁﬁgxgﬁiﬁbp%f an
interline tg;3R35€00bUREd " Che vicinity of a defective pixel of the

solid state image pickup element which supplies the video

signal to the image defect corrxecting circuit for a solid state
imager shown in Fig. 9; '

Fig. 13 is a table to which references will be made in
explaining oée;ation of a decoder shown in Fig. 11;

Figs. 14A and 14B are diagréms schematically showing
stripe patterns in the horizontal direction picked up by the
pixels near the defective pixel of the solid state image pickup
element shown in Fig. 12, respectively:

Figs. 15A, 15B and 15C are diagrams, respectively,
schematically showing stripe pattern§ oriented in the upper
left direction picked up by the pixels near the defective pixel
of the solid state image pickup element shown in Fig. 12;

Figs. 16A, 16B and 16C are diagrams, respectively,
_schematicaliy showing stripe pat£erns-oriented in the upper
right direction picked up by the pixels near-the_defective
pixel of the solid.state image pickup element shown in Fig. 12;
' Figs. 17A and 17B are diagrams, respectively,
schematically showing stripe patterns in the vertical direction
Picked up by the pixels near the defect;ve-p§Xel of the solid
state image pickup element shown in Fig. 12;

Fig. 18 is a block diagram showing in detail a defect
Position detecting means used in the‘image defect correcting
Circuit for a solid state imager shown in Fig. 9;

Fig. 19 is a biock diagram showing a third embodiment of
the image defect correcting circuit for a solid sﬁate imager
8ccording to the present invention; and

Fig. 20 is a block diagram showing a fourth embodiment of



31 conprises as, for exanple, shown in Fig. 10, a nunber q

f ir;.bgltr_}ft::\,m::u‘- 14
receiving sections S corresponding to respective pixels ar r ayledt! MCEMENT. SHEET

matri x-fashi on, vertical transfer registers VR provided at dne side of
these lI'ight receiving sections S along the
horizontal transfer register HR

9

| ongi tudi nal dirdctli of 7aDdai9%5

che image defect correcting circuit for a solid state imager

accordi.ng to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described in detail with
reference to the accompanying drawings.

Incidentally, Fig. 3 is formed of Figs. 3A, 3B and 3C
dravn on three sheets of drawings so as to permit the use of a
suitably large scale, and illustrates one portion of a solid

state imager according to the present invention and an image

defect correcting circuit thereof. Initially, three modes,

which premise the éolid state imager having the image defect
correcting circuit according to the present invention and a
control system will be explained heéreinafter, and then
respective sections of this apparatus will be explained.

The solid state imager having the image defect correcting
circuit according to the present invention has three modes,
such as normal image pickup mode, an image pickup mode for
detecting a defective picture element (i.e.,.pixel) and a
dgfectivg pixel designating mode (this mode is selécted by the
user). In the normél image pickup ﬁéde, a correcting circuit
system having a correcting function for correcting a defective
Pixel is operated. Further, tﬁé solid state imager of the
Present invention has a self-test function to automatically
detect a defective pixel during one frame period when the solid
State imager is powered. The aforenoted three modes are
Selected by the user, and if neither the image pickup mode for
dete(:ting the defective pixel nor the defective pixel
designating mode is selected by the user, the solid state
1“‘ager is placed in the normal image pickup mode after the

%elf_test is finished when being powered.
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provided at the ends of these vertical transfer registers VR REREH By SHEET
signal .charges obtained fromthe respective light receivingi|sgctions Sin

response to the light receiving anount are transferred to rdspecfivBED 1995
corresponding vertical transfer registers VR at, for exanpl g, levery one
field or at every one frame, the above-ngntioned signal charjges—are

transferred to the horizontal register HR through the verticjal transfer

registers VR and a signal charge fromthe horizontal transfer register HR
at every hori zgpi alodt10 isysteReki £hdedlaifBdCneRt £ kit QU ite

Turning back to Fig.9, the inage defect correcting circuit
control system, a control pulse generator 21, a RAM (random
access memory) controller 22, a microcomputer 23, a RAM 25, an
EEPROM (electrically erasable and programmable read only
memory) 24, a display section 28 and an operation section 29

are particularly associated with the above-described

three modes. _
| Address of blemish in the solid state image pickup element
. and data determining whether the blemish is white blemish or
black blemish checked in the -factory beforehand are stored in
the EEPROM 24. The microcomputer 23 having a ROM and a RAM
switches the three modés, i.e, the normal image pickup mode,
the defective pixgl detection image pickup mode and the
defective pixel designating mode on the basis of a mode
selecting signal from the operétion section 29 and data stored
in the EEPROM 24 and performs the self-test when the solid
state imager is powered, thereby controlling the control pulse
generator 21. Under the control of the microcohppter 23, the
céntrol pulse geﬂerator 21 -generates various control s@gﬂals on
the basis of address data from.a ling counter 19 and a cell
counter 20 which will be referred to later.
The RAM controller 22 controls the RAM 25 under the
control of the microcomputer 23 so that, when the solid state
imager is actuated, data stored in the EEPROM 24 are stored in

the RAM 25, new defective pixel data is s;o;ed in the RA¥M 25 orx

that the data is updated. The switching operation of the

above-described three modes and so on are effected by the user

by Operating the operation section 29 in accordance with the

display on the display section 28.

The respective sections of this apparatus will be



60 of this enbodinment is conprised of an interpolation i nf of nBERIABEMENT SHEET
generating circuit 63 to which there are supplied “the three]prrmary—
color image pickup data Dierr] , Derr] and D err] from t he f[r%tn;té,&p
third input ternminals 61R, 61G and 61B through a first chanhe| Sef &Y &b
switch 62, a first substitute switch 4$5R to which an interppl ation

i nformation forned by the I nterpolation information generat}jng circuit

63 i s supplied and to which the red canera data Djerr] is supptred—from——
the firstxplaifedthéssifdmtler 61 trler eghent iiel ayrddxr @fi theédRpde wierond
substitute switch 65G to which the interpolation information gener at ed

by the i her ppPArabys | i rctuetesh anghahgt thyeeipedgg. Incidentally,

while the self-tes: in the actuation state must be explained

initially, this self-test will be explained when the defective
pixel detection image pickup mode is explained because the
circuits and the operation of the self-test are substantiallf
the same as those of the defective pixel detection image pickup

mode.

Initially, the normal image pickup modé will be explained
with referenée to Pig. 3.

Referring to Fig. 3, there is shown an image pickup
optical system 1 which is composed of an iris, an iris driving
means for dfiving the iris by a drive signal CP from the
control pulse generator 21, 2 lens (not shown), a filter and so
on (not shown). An image pickup section 2 is composed of three
solid state image pickup elements (e.g., charge coupled devices
or the like) in which object iméges, which result f;om
_analyzi;g the image pickup light_inpo three p;imary'color
components such'as red (R), green (G) and blue (B), are focused
on the image pickup'screeﬁs.

The drive operation of the image pick up section 2 will be

'~ explained next. A sync. (synchronizing) generator 5a is

adapted to generate a reference horizontal sync. signal and a
reference vertical sync. signal on the basis of a reference
Clock from a clock generating circuit 4. A timing generator Sb
is adapted to generxate horizontal and vertical transfer pulses
Synchronized with the reférence horizontal sync. signal and the
reference vertical sync. signal from the sync. generator 5a. A
driving circuit 3 is adapted to respectively drive solid state

image pickup elements of the image pickup section 2 on the



63 is supplied and to which the green canera data Dierr] is | REUBQAFiiEMT SHEET
fromthe second input term nal 61G through a del ay ci rcpi —64G—a:
third substitute switch 65B to which the : 07 DEL. 100
32 jinterpotion signal -is supplied fromthe circuit 63 and tp i ich DEG: 1996
bl ue” canera data Derr] is supplied fromithe third i nput terjmnal _61B
through a delay circuit 64B, a defect position detecting cifrcuit 67 to

whi ch OUtBé‘éié’aéé‘ HERINEohthBladd vertical transfer pulses from the

timing pulse generator 5b.

Referring back to the image pickup section 2, the image
pickup video signals R, G and B from the image pickup section 2
are supplied through a pre-amplifier 6 and a video amplifier 7
for adjusting white balance to an analog-to-digital (A/D)
converter 8. The image pickup video signals R, G and B are
respectively coﬁverted into digifal image pickup video signals
(hexeinafter referred to as digital video signals) by the A/D
converter 8. The respective digital video signals R, G and B

from the A/D converter 8 are fespectively supplied to dela&

devices 9, 10 and 11, each being formed of a charge coupled

device (CCD) or the like. These digital video signals R, G and

B are delayed by predetermined delay times by these delay
devices 9, 10 and 11 on the basis of the clock pulse CKX from
the clock geherator circuit 4 and then supplied through
switches SW2, SW3 and SW4 to output terminals TO, Tl and T2 and
also suppliéd_tﬁrough switches SW5 and SW10 to a high-pass
filter 16 thch will be described later. Inéidentally, the.
switches SW2 to sw4 are controlled to opened and/or closed by a
céntrol signal SCP from the control pulse generator 21. On the
“other hand, the respective digital-video'signals R, G and B.
from the A/D converter 8 are supplied to an AND circuit Al
through a switch S1 which is chénged in position in response to
an R/G/B signal from the control pulse generator 21. In this
AND circuit Al, the digifal video signals R, G and B are ANDed
with a power save signal COMPEN from the control pulse

generator 21 and which becomes active only in the

interpolation, and fed to a interpolating circuit 12 which will
Pe explained later.




third substitute switches 65R 65G and 65B are supplied through REPSACTMENT SHEET
channel ¢ sel ection switch 66, a systemcontroller 68 for contraf |Jng
operations of the above-nentioned elenents, a nenory 69, a |

dgr
counter 70 and pixel address counter 71 which are connected t theg£§§g 9%
systémcontroller 68 and so on.

Thd3i nt er'pol ati on i nf orjret-ien
generating circuit 63 is conprised of, as shown by a specific arrangenent

inFig. 11, a vﬁﬁ&i%Q!lo%%chkgﬂﬁ§osi’4}laclhcﬁc%ﬁ}3@£6ﬁi{:ﬂesé&h?r%lc%ﬁﬁé dare of
channel selected by the first channel selection swtch 62, an™ ‘absolute
val ue conpgenegatect?brisD@ctiveh) theé cirtarpolatingbeitonit Vidd Uatehekevel

di fference between signal levels indicated by the canera data stored
tenpor ar i | PIXRLt fRta Bf Addressescef owpERE lefdonpherag weeer grighs fleft

[ ' | yt, l, I | at eqd by _t hi bsol ut |
comari 70 LSAPRThLYCe SRS valuer <ol Sl et oL hig. absol e ualue
obtai ning ghy HR/ H5TQR{EN DG tHErEOR  tHL EANtehlE JEEEEE ! € the

EEPROM 24 in the actuation of the apparatus and sﬁpplies the

latched pixel data to a {X - Y| computing device 13 and a
multplexer 15 which will be referred to below.

The |X - Y| computing device 13 produces an absolute
values of differences of the respective pixel data from the
interpolating circuit 12 and supplies the same to a comparator
14. The comparator 14 compares the respective difference

signals from the |X - Y| computing device 13 and supplies the
compared result to the multiplexer 15. The multiplexer 15
supplies, of the respective pixel data from the iﬁterpolating
circuit 12, pixel data corresponding to the compared result
signal from the comparator 14 to the switches Swz, SW3 and SW4
. @§ compensation pixel data of defective pixel data. -
Incidentally, the qetaiied arrangement of the interpolating
means including the interpolating circuit 12, the |X - Y|
computing device 13, the comparator 14 and the multiplexer 15
is substantially similar to that of an interpoiation
information generating means of other embodiment which will be
described later in detail with reierence to Fig. 11l. |
These switches SW2, SW3 and SW4 are switched by the
Switching signal SCP from the control pulse generator 21,
“hereby the video signals in which the defective pixels are
Corrected are supplied to the terminals T0, T1 and T2 and also
SUpplied through the switches SWS and SW10 to the high-pass

:11ter 16 that will be described in iater-stage.



pi xel by selectively interpolating canera data stored in the r@é?‘sﬁ%ﬁ'\fﬂfm SHEET
sectiony80 on the basis of the conpared result by the conpariing section

100. The register section 80 is conmposed of first to fhijrddP DEC 1996
fiip-flops 81, 82 and 83 connected in cascade, fourth to sixt D

flip-flops 84, 85 and 86 connected in cas&de and i nput chapge=-over

sw tches 87, 88 and 89 for changi ng-over inputs of the firsf_to third D
flip-flops 81,

fl

i p-flop 81 éﬁ%iﬁyidgspickup modé'kc&hgnggL§£§rtﬁé“&éé%%tgge Ebﬁe{irst D l

will be explained next. The video image mode for detecting a

defective pixel is effected.as follows. When the power switch
of the solid state imager is turned ON and when the user
supplies a video signal pf, for example, fhe solid state imager
to a monitor receiver and founds out a blemish in a picture
displayed on a picture screen of the monitor receiver, the use

operates the operation section 29 in accordance with the
display on the display section 28 and selects the 'image pickup

mode for detecting the defective pixel. In that case, a white

blemish is detected first. 1In any of the above-mentioned

cases, a switch change-over signal HPFSSECT from the contxrol

pulse generator 21 controls the switching operation of the

switch SW5 to select any of the video signals'R,.G and B from

the three solid state image pickup elements. .Incidentally, the

switch change-over signal HPFSELECT may be input by, for

example, the user. The iris drive signal CP from the control

pulse generator 21 is supplied to an iris driving means (not
shown) of the image piékup optical system 1 and close the iris

and the control pulse generator 21 generates a black/white

blemish switching signal B/W. Generally, it is known that most.

of blemish occurred after the delivery of the solid state

imager from the factory is white blemish. In the self-test

mode after the apparatus is actuated, the detection of black
blemish is not detected, whereas in the image pickup mode for

detecting the defective pixel, the detection of white blemish

is performed after the iris is clésed. When the white blemish

is not detected, the user is instructed such that a white
diffusion plate illuminated, for example, with an illumination

light is displayed on the display section 28, thereby the



| et ches canmera data of 10 bits supplied to its data input ter LriRﬁLADE;’v‘;EH’;‘ SHEFT
t hrough <t he i nput change-over switch 87 fromthe first channel | sgrectron

switch 62 and feeds its Q output back to the data input termha Ej%@%Le'”'
through the input change- over switch 87 to thereby tenporarijy stor e the?o
| at ched data. The second D flip-flop 82 gfores the Q output of #irst flip-
flop 81 suppliedto its data input termnal D through the inputf change-over
switch 88 and feeds 0 u hereof back tq the data input—termnrat—b
t her eof tlﬁe&ﬁﬁﬁi?ﬁe# Hﬁ\ﬁ%“cﬁ‘éﬁg‘&%v‘eﬁ"%vﬁfm‘gﬁ-to t hereby tenporarily

store the | atchgd RegRigadinted)ceULENCL . | Bukki P7fd P BPeaitt ches
the Q out put of the sé%%nd D fFip-Ffop %'ﬂgﬁbp %gg ro Its data ﬁhput

term nal [old circuit 18 used in the aforenoted mode will be explained

hereinafter, and initially, the high-pass filter 16 will be
explained.

The video signal stored in the EEPROM 24 and in which the
portion of deféc;iye pixel is corrected is supplied to the '
high- pass filter 16 via the switch SW10 which is turned ON by
a detection enable signal HPFEN supplied from the control
pulse generator 21 and which becomes active during, for
example, one frame period under the cbntrol of the
microcomputer 23 when the apparatus is actuated and when the

Zimage pickup mode for detecting the defectiée pixel is selecéed

by the user by operating the operation section 28. The high-

pasé filter 16 is a digital filter composed of three D-type

flip-flops 16a, 6b, l6c and two adding circuits 164, l6e and

is what might be called a Laplacian filter of the horizontal
direction. '

A digital video §igna1.applied to a data input terminal D
of .the D-type flip-flop 16a is output from a non-inveriing

output terminal Q thereof and fed to a data input terminal D

of the next D-type flip-flop (hereinafter simply.referred to

as a flip-flop) 16b. The outuput from a non-inverting output

terminal Q of the flip-flop 16b is supplied to a data input

terminal D of the next £flip-flop 16c. On the other hand, a

digital video signal from an inverting input terminal O of the.
flip-flop 16a is supplied to he adder 16d, in which it is

added with a digital video signal from an inverting input

terminal § of the flip-flop 16c. RAn output signal from the

4dder 16d is supplied to the adder 16e, in which the output
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t hrough the input change-over switch 89 and feeds the Q oufpfit tTH&reof— /
back to the data input term nal thereof through the input}chaggg 5«1, 1 |
switch 89 to thereby tenporarily store the |atched canera data. At i f;
regi ster section 80, the above input change-over sw tches] 87—88-and-8
are.controlled by the systemcontroller 68 whereby the flrst tothrid D l‘
flip-flops

81, 82 and 83 | atches canera output Dc Db Da fromihree
near by pixel's ¢, b, a located one horizontal

| i-n e_defective
pi xel x assignewn £rAnFERe &@%d‘t"eﬁﬂ&r%rﬁ’??‘%‘i’o ipﬁége{’f‘?‘?/éa caner a
out put data Dc.,L

ff ! IARBIeBURRL | fifudd e
above- rrentﬁ‘?fheawggnggofm \étv% rl]n}ha%&e a??o%ése%ﬁ%rﬁQS Wt h upper
Slgnlflcan£ofbroduce a digital video signal filtered-out by a

charactexristic of - z-1 + 220 - gz!', that is, a characteristic

jn which a peak exists at a frequency of the portion
corresponding to a defective pixel in the digital video signal

and from which DC and low frequency components are removed.

The clipping circuit 17 will be explained. The digital

video signal from the high-pass filter 16 is supplied to the

clipping circuit 17. The clipping circuit 17 is comprised of a

flip-flop 17a, a clipper 17b and a switch SW6 connecting the

flip-flop 17a and the clipper 17b and which switchs and

supplies at non-inverting and inverting output terminals Q

and § of the flip-flop 17a to the clipper 17b. .Since the

movable contact of the switch §W6 is switched.to_a'fixed
contact connected to the qon-inverting input terminal Q.of the
flip-flop 17a when the black/white blemish switéhing signal B/W
from the control pulse generator 21 is, for eiample, *1*, the

digital video signal supplied to the flip-flop 17a is supplied

to the clipper 17b via the switch SW6. This digital'video

-signal clipped by the clipper 17b is then fed to the peak hold
circuit 18 which will be described below.

The peak hold circui£ 18 and the line counter 19 and the

cell counter 20, each of which are indispensable for the peak

hold circuit 18 will be explained herein. The 10-bit

Synchronizing type cell counter 20 is reset by the reference

8Ync. signal supplied to its reset terminal from the sync.

generator Sa and counts the clock from the clock'generating
¢ircuit 4. fhe count value of the cell counter -20 is fed to

the peak hold circuit 18, which will be referred to later, and



bit data of the canmera output data Dc fromthe pixel c obtain
out put thereof. The second D flip-flop 82 supplies

t he aboue- - 2|
i nt er pdl ati on operation section 110 with t he canera out put{ dat EEE??@ﬁé
t he pi xel

absel ute val ue operation

| REPLACEMEMT SHEET
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b obtained as the Q out put thereof and al so supgl iles~t.he

section 90 withipolarity inverted |data 55 of the
canera out put
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to the control pulse generator 21. The count values of the

cell counter 20 respectively correspond to addresées,pf the

solid state image pickup element in the horizontal direction. {
When counting one horizontal period of the reference horizontal |
sync. signal, the cell counter 20 supplies a carry pulse to the

line counter 19. The 9-bit synchronizing type line counter 19

is reset by the reference vertical sync. signal supplied to its
reset terminai from the sync. generator $a and éounts the clock

ck from the clock generating circuit 4 in response to each

carry pulse from the cell counter 20. The count value of the

line counter 19 is supplied to the éeak hold circuit 18 which
will be described later and to the control pulse generator 21.
The count values of the line counter 19 respectively correspond

to addresses of the solid state image pickup element in the

vertical direction.

.Referring back to the peak hold circuit 18, the peak hold
circuit 18 is composed of a_comparator 18a for comparing the |
present and past digital video signals, a flip-flop 18b for
storing an absolute value of level 6f the past:digitai video
signal, a 10-bit flip-flbp 18d for storing a hPrizonﬁal address
of a defective pixel, a 9-bit flip-flop 18c for storing a .
vertical address 6? the defective pixel and switches SW7, SWB.
and SW9.

The ?igital video signal from the clipping circuit 17 is
Supplied to a non-inverting input terminal of the comparator
18a and to an input terminal D of the flip-flop 18b,
respectively, because the switches SW7, SW8 and SW9 are
Connected in the illustrated state in the normal state, or when
the peak level provided by the defective pixel is not detected.

Accordingly, the present digital video signal and the past



data Db obt ai hed as the Q output thereof. Further, the third

supplies the absol ute val ue operation section 90 w th upper
8-bit data of the canera output data Da
out put thereof. Furt her,

sixth D flip-flops 84, 85 and 86 |atch & a dot-sequenti al

si gni fi cant
fromthe pixel a obtai nBF BECt1985Q
in this register section 80, jthe fourth to

. camera data of the channel selected by the first channel s
62 and transfer the sane, and respective upper

manner t ne
ection switch

significant 8-bit data of

the Q oupytcadfvideo faiyral amd ebxpared viltih-elalchpotBér andilds atee suppl i ed
to.

t he absol ute value operation section 90. Also, the respective Q
out puts ebmpprator 18a detects the peak level, by the output signal of

the comparator 18a, the switches SW7, SW8 and SW9 are connected
to the states opposite to the illustrated states, whereby the
content indicating the level of the register of the flip-flop
18b and contents of horizontai and vertical addresses of
registers of the.flip-flops 18d and 18c are rewritten.
Rewritten data from the flip-flops 18b, 18d and 18c are .
supplied through a bus (for@ed of address bus, data bus and
control bus) Bu to the microcomputer 23, stored in the RAM 25
as new data and further stofed in the EﬁPROM 24 as backup data.
Incidentally, the respective flip-flops 18b, 18c and 18d are
reset by a reset signal PEAKCLR_supplied thereto from the
control pulse generator 21 when the apparatus is actuated.

A description will be next given on a method in which a
video signal, which results from closing the iris of the solid
state imager or.picking up; for gxamplé, a white diffusion |
plate (it is assumed that the white diffusion plate 5e:
{lluninated Sy a illumination light from the direction
opposite to the image pickup direction), is supplied to a
monitoxr receiver, such video signal is disp;ayed on the picture
Screen of the monitor receiver and the user of the.solid state

imager registers a position of new blemish other than those

registered beforehand, that is, the defective pixel :
dESignating mode.

Incidentally,’ the registration of the position of the
defective pixel will be understood as follows: When a
defective pixel cannot be detected by the above-mentiond solid
State imager in the self-test mode and in the image pickup mode

for detecting the defective pixel, the video signal from the




fifth and sixth D flip-flops 85 and 86 are supplied to the
operation section 110. The above-nenti oned absol ute va
section 90 is conposed of first to fourth adders 91A, 91B,

first to fourth exclusive NOR circuits 9%9, 92B, 92C, 92D s
added- out puts of these adders 91A, 91B, 91C 91D and first to
flip-flops 93A, 93B, 93C, 93D supplied at their data

REPLAT T SHEET
ug operation

D1C, QILDEC 1996
Lippl i ed wi t h

foortirD

I nput

lermnals D

with outpufs of these exclusive NOR circuits 92A, 92B

\ 92C, 97D,
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the Q outpuL of

ser $I§hif¥§wéan?i25£rﬁfﬂfﬁ%u@é hﬂsﬁfﬁﬁed on the picture

screen of the monitor receiver (i.e., a black picture displayed

when the iris is closed or a white picture displayed when the

white diffusion plate is picked up). Then, the user moves E

marker of, for example, a cross shape displayed on an arbitrary
position on the picture screen of the monitor receiver to the
position of a new blemish visually confirmed by operating a
marker controller i?, which wili be referred to later, of the
solid state imagexr, and the position marked by the cross-shaped
marker is stored in the RAM 25 and the EEPROM 24 of the solid
state imager as the position of the defective pixel. 1In this
defective pixel designating mode, a video signal provided
before or after the interpoiation processing based on defective
pixel data already stored in the EEPROM 24 or the RAM 24 prior
to the selection of this mode can be selected.

The marker controller 27 has, for example, a cursor key,
and ;f'the user pushes the-cursor key, address data indicatiﬂg

the position of the cursor is increased and/or decreased during

the depression of the cursor key. The address data is always

supplied to a marker generator 25 which will be explained next.
The marker genexator 26 supplies data stored, for example, in
an incorporated ROM and which indicates a cross-shapeg marker
whose width corresponds to one pixel through the switches SW2,
SH3 and SW4 to the output terminals TO, T1 and T2 only when the
address data from the marker controller 27 coincides with the

address data supplied thereto via the bus Bu from the line

Counter 19 and the cell counter 20. When the user moves the

Cross-shaped marker to the position of the blemish to be newly

registered by the cursor key and the cross-shaped marker exists



regi ster section 80. The first exclusive NOR circuit 92A éh:h i&fﬂﬂéﬁégr

the polarity bit S and the data bit of the
adder 91A, and supplies this
term nal
adds: the Q output of the first D
. second D flip-flop 82 in
exclusive-NOR circuit 92B

added output fromthe first
excl usi ve- NORed out put to thel d&t/ADEp®Wes
D of the first Dflip-flop 93A The secjonid adder 91B

flip-2olop 81 and the @ output of The
the regi ster section 80. The siecond

on the position of blemish to be registered, if the user
p“shes, for example, the button, address data indicating the
present position of the cross-shaped marker and a write control
signal are supplied from the marker controller 27 through the
marker generator 26 and the bus Bu to the RAM 25 and the
microcomputér 23. Further, the white blemish ox the black
blemish is selected by the user by pushiné a button or the .
like. The microcomputer 23 controls a RAM controller 22, which
will be referred to later, via the bus Bu so that the address
data from the marke; controller 27 and the content of defective
pixel designated by the user(content indicating whether the

blemish is white blemish or black blemish) are written in the
RAM 25.

of thé above-mgntioned three modes, the image pickup mode
for detecting the defective pixel will be explained with
reference to a flowchart forming Fig. 4, in which case, the
user performs several designations directly.
.- Referring to Fig. 4, following the Start of_operatioq, it
is determined in decision step ST--1 whether or not the user
inputs data iﬁdicating the occurrence of blemish} that is, the

user inputs data to select the image pickup mode for detecting

a defective pixel. If a YES is output at decision step ST-1,

then the processing proceeds to the next decision step ST-2,

and if a NO is output at step ST-1, then the processing returns-

to step ST-1 whereat the apparatus awaits the data input by the

User, or the apparatus is set in the normal image pickup mode.
It is determined in decision step ST-2 whether or not the

Cchannel input, i.e., the digital video signals R, G and B from

‘the three image pickup elements are selected.

If a YES is
Output at step ST-2, then the processing proceeds to the next
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out put of the second adder 91B, and supplies an exclusive-NORe¢d output-to

the data input terminal D of the second D flip-flop 93B. FO 7HHLC 1996
the third adder 91C adds the Q output of the second D flip-flop 82 and the
Q output of the third Dflip-flop 83 in tke register section|{80. The third
exl usive-NOR circuit 92C exclusive-NORes the polarity bit S and the data
bit of the

decision stép ST-3. 1If a NO is output at step ST-2, then ;he

processing returns to step ST-2_and.step ST-2 is repeated. 1In
step ST-2, data indicative'of channel méy be input by the user
or the digital video signals R, G and B may be automatically
selected in that order.

In step ST-3, it is determined whether the blemish is the
white blemish or not. If a YES is output ‘at step ST-3, the
processing proceeds to step ST-4, and if a NO is output at step

fST-3, then the processing proceeds to the next decision step
ST-5. In the step ST-4, the iris is closed and the §rocessing

proceeds to step ST-7.

It is determined in step ST-5 whether or not the blemish

is the black blemish. If a YES is output at step ST-5, then a

processing proceeds to step ST-6, and if a NO is output at step
ST-5, then the processing returns to step step ST-3, whereat it
is determined whether or not the biemish is the white blemish.
Whether or not the blemish is the white blemisﬁ_or the black
blgmish may be -input by the user and alternatively, such
determination may Se automafically performed by the output
state from the high-pass filtef 16.

In step ST-6, the user is instructed to pick up a white

- pattern which instructions displayed on the display section 28

which is described w%th reference to Fig. 3, and then tﬁe
Processing proceeds to the next step ST-7.

In step ST-7, the blemish is measured, and then the

Processing proceeds to the next decision step ST-8.

It is determined in step ST-8 on the basis of address data
from the line counter 19 and the cell counter 20 shown in Fig.
3 whether or not the scanning of one frame period is finished.

f a YES is output at step ST-8, then the processing proceeds



added output of the third adder 91C, and supplies.this exclu |f!ﬁ“N@ﬁd\ﬂCH7ET
output to the data input termnal D of the third D flip-flop] 93¢ :

The fourth adder 91D adds the Q output of the third D flip-fiop %3; gﬂ&%@
Q output of the sixth Dflip-flop 86 in the register sectionj89. h =Wt
fourfh exclusive-NOR circuit 92D excl usg2ve- NORes the pol arit It S and
the data bit of the added output of the fourth adder 91D, andl supplies the

excl usi ve- NORed out put thereof to the data input terniﬂal Do t-hefourth
flip-flop $3@P ST-9. Ukfer NPeleomtimitomts s&iert §Zr8rht eRrEReD f1i p-flop 85

'n processing returns to step ST-7, whereat the blemish is -

measured.

In step ST-9, blemish data is written in the RAM 25 and

the EEPROM 24, and then the processing proceeds to the next
decision step ST-10.

It is determined at decision step ST-10 whether or not the

user confirms the blemish data by the display on the display

section 28 shown in Fig. 3. IXIf a YES is outpué at step ST-10,

then the processing is ended, and if a NO is output at step ST-
10, then the proceséing returns to step ST-1, and step ST-1 and-
so on are repeated again.

Of the above-mentioned three modes, the mode that the user
need not designate directly other than the.image pickup mode
fof detecting the defective pixel will be explained briefly
with reference to a flowchart forming Fig. 5.

' Referring to Fig. 5,.f6116wing the Start of operation, it
is determined in decision step ST-1 whether or not the user
inpuﬁ the data indieative of the occurrence. of blemish, that
is, wheéher or not the camera mode for detecting the defective

pixel is selected. If a YES is output at step ST-1, then the

pfocessing proceeds to the next decision step ST-2, an if a NO
is output at step ST-1l, then thé apparatus is set in the mode
to a&ait that input, namely, the normal camera mode.

It is determined in decision step ST-2 whether or not the

detection of the blemish of the digital video signal R is

finished. If a YES is output at step ST-2, then the processing

Proceeds to the next decision step ST-4 and if a NO is output
at step ST-2, then the processing proceeds to step ST-3.

In step ST-3, the switch change-over signals HPFSELECT



the register 80 | atches canera output data Dx of the defective
shown i Fig. 12, the fourth Dflip-flop 84 outputs canera ou
froma pixel e adjacent to the defective
flip-flop 86 outputs camera out put

t he above-nenti oned defective pixel
93A 93B,

oL E She
pi xel x and that the é xth ]

‘data Dd fromthe pixel d acBnt DES 1995
x, 8he first to fourth Dfflfip-flops .
93C and 93D | atch absol ute val ue data | Dc - Del|, | Db - DCT

| |ff b cay utp
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and then the processing proceeds'to step ST-8.

In step ST-4, it is determined whether or not the

detection of the blemish of the digital video signal G is

finished. If a YES is output at step ST-4, then the processing

proceeds to the next decision step ST-6, and if a NO is output

at step ST-6, then the processing proceeds to step ST-5.

In step ST-5, the switch change-over signal HPFSELECT from
the control pulse generator 21 shown in Fig. 3 is supplied to
the switch SW5 to thereby select the digital video signal G,

and the processing proceeds to step ST-8.

It is determined in decision step ST-6 whether the
detection of the blemish of the digital video signal B is
finished or not. If a YES is outpuf at step ST-6, then the

processing is ended, and if a NO is output at step 8§T-6, then

- the processxng proceeds to step ST-7.

In step ST-7, _the switch change-over signal HPFSELECT from

the control pulse generator 21 shown in Fig. 3 is supplied to

-the switch SW5 to thereby select the digital video signal B,
and then the processing proceeds to the next step ST-8.

" In the next step ST-8, the iris is closed and then the

processing proceeds to step ST-9. 1In step ST-9, the blemish is

measured and the processing proceeds to the next decision step
ST-10.

It is determined in decision step ST-10 by the address

- data from the line counter'19 and the cell counter 20 shown in
Fig. 3 whether or not the scanning of one frame is finished. If

a YES is output at step ST-10, then the processing proceeds to

. the next decision step ST-1l. If a NO is output at step ST-10,



The absol ute val ue operation section 90 supplles the
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section, 100 with the absolute value data |Dc - De|, |Dc |, wililpyy) o7
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fourth D flip- flops 93A 9 B 93C, and
This conparing section 100 is cqonposed of first to} f
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conparators 101A, 101B, 101C, 101D to whi ctf% he absol ute val u .

then the processing returns to step ST-9, whereat the |

measurement of the blemish is continued.

It is determined in decision step ST-11 whether or not the

plemish is detected. If a YES is output at step ST-11, then

the processing proceeds to step ST-12, and if a NO is output at

step ST-11, then the processing proceed to the next decision

step ST-13.

In step ST-12, blemish data is written in the RAM 25 and

the EEPROM 24 shown in Fig. 3 and the processing proceeds to

the next decision step ST-13.

In step ST-13, it is determined whether the detection of

black blemish is finished or not. If a YES is output at step

ST-13, then the proces§ing returns to step ST-2, and if a NO is
output at step ST-13,
14,

then the processing proceeds to step ST-

In step ST-14, an instruction is displayed on the display
portion 28 shown in Fig. 3, for the usér to pick up a white

pattern.. Then, the processing returns to step ST-9, whereat

the black blemish is detecged}

Of the above-mentioned three modes, the sélf-test'mode
carried.out when the poﬁer switch of the apparatushis turned on
will be described in brief.with reference to a flowchart of
Fig. 6. Incidentally, in this self-teést mode, the detection

Operation for aufomatically detectiné a white blemish when the
8pparatus is actuated will be described below.

Referring to Fig. 6, following the Start of operation, in
8tep ST-1, the solid state imager is powered, and then the
Processing préceeds to the next decision step ST-2.

It is determined in decision step ST-2 whether the

Sgtection of blemish of the digital video signal R is finished
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operating section 90, a Dflip-flop 102 which

the fifrst to fourth conparators 101A, 101B, 101C, 101D and
whi ch decodes a |atched output fromthe D flip-flop 102.

conpar at or
fromthe ab

output to a first data i nput term nal

conpared ou
when | Da

De|, |Dc - Db|, |Da - Db|, |Da - Dd| fromthe ab$oRERECEHEYE SHEET
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The first
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101A conpares the absol ute val ugs dat a | Da - Dd|
section 90, and supplieslits conpared

sol ute val ue operating

D1 of the D flip-flop 102. The
Lpuﬁolt 0‘|c1|:f.t IieYi:br§L SRR ﬁkogtéglﬁ-@estﬂeﬂgtﬁe[é‘ﬂoée@sg.% | evel

- and goes logic [L] (low) |evel when |Da -
proceeds to the next decision step ST-4 and if & NO is output
at step'ST—Z, then the processing proceeds to step ST-3.

In step ST-3, the switch change-over signal HPFSELECT from
the control pulse generator 21 shown in Fig. 3 is supplied to
the switch SW5 which then selects the digital video signal R,
and the processing proceeds to step ST-8.

It is determined in decision step ST-4 whether or not the
detection of blemish of the digital video signal G is finished.
If a YES is output at step ST-4, then the processing proceeds
to the next decision step ST-6, and if a NO is output at step
S§T-4, then the processing proceeds to step ST-5.

In step ST-5, the switch change-over signal HPFSELECT from
the control pulse generator 21 shown in Fig. 3 is supéliéd to
the switch SW5 which then selects fhe digital §ideo signal G,
and then the: processing proceeds to step ST-8.

It is determined 'in decision step ST-6 whether the
detection of blemish of the digital video signal B is finished
or not. If a YES {is output at step ST-6, then the pfocessing
proceeds to the final step ST-13, and if a NO. is output at step
§T-6, then the proéessing proceeds to the next step sT-7.

In step ST~7, the switch change-over signal HPFSELECT from
the control pulse generator 21 shown in Fig. 3 is supplied to
the switch SW5 which then selects the digital video signal B,
and then the processing proceeds to step ST-8.

In step ST-8, the iris is closed and the processing

Proceeds to step ST-9.

In step ST-9, the flemish is measured and the processing
Proceed to the next step ST-10.

It is determined in decision step ST-10 on the basis of



Dd| < |Da - Db]. The second conparator 101B conpares the absdf lf,u?« y,ay Ue-
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operating section 90 and supplies its conpared output to a sdcdnd daia
input termnal D2 of the.D flip-flop 102. The conpared out put] of GIF BES 1994

second conparator 102 goes logic [H |l gvel
goes logic [L] level when | Da - Dd| <%Db- Dc| . Fur tiher—the

when | Da - Dd| > [{Dh Dc| and

third conparator 102 conpares the absol ute value data |Dc - |Del and | Da
- Db| supplied thereto fromthe absol ute val ue operating section 90 and
suppl i es it s tisoadidzessdiata from thetline counteh 19 dnd sheaceallhgawnter wlnlDflgﬁt he D

flip-flop

whether or not the scanning of one frame is finished. If a YES is output at step
ST-10, then the processing proceeds to the next decision step ST-11, and if a NO
is output at step ST-10, then the processing returns to step ST-9, whereat the
measurement of blemish is continned.

It is determined in decision step ST-11 whether or mot the blemish is
detected. If a YES is output at step ST-11, then the processing proceeds to step
ST—12 and if a NO is output at step ST-2 and the following steps are repeated.

In step ST-12, blemish data detected is written in the EEPROM 24 shown
in Fig. 3 and then the processing returns again to the step ST-2.

In the final step ST-13, data stored in the EEPROM 24 is loaded to the
RAM 25 shown in Fig. 3 and the processing is ended. |

Of the above-mentioned three modes, the defective pixel designating mode
will be described briefly with reference to a flowchart forming Fig. 7.

Referring to Fig. 7, following the Start of operation, in step ST-1, when
the user designates this mode by using the operation unit 29 shown in Fig. 3, the -
cross-shaped marker generated from the marker generator 26 shown in Fig. 3 is
displayed at an arbitrary position of the picture screen of the monitor receiver to
which the output video signal from the solid state image pickup apparatus is
supplied. Then, the processing proceeds to the next decision step ST-2.

It is determined in step ST-2 by the user by operating the marker controller
27 shown in Fig. 3 whether or not the
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27

position command from the marker controller 27, or the address data exists. If a
YES is output at step ST-2, then the Pprocessing proceeds to the next step ST-3 and
if a NO is output at step ST-2, the apparatus is placed in the standby mode for the
input.

In step ST-3, each time the user operateb the marker controller 27, the
address of the cross-shaped marker is updated by the marker generator 26 and the
cross-shaped marker is moved on the picture screen of the monitor receiver.
Then, the processing proceeds to the next decision step ST-4.

In step ST-4, when the user pushes a button or the like after the position
of the cross-shaped marker is made coincident with the position of the blemish
discovered on the picture screen of the monitor receiver by the user, address data
sﬁpplied from the marker controller 27 at that time is stored. Then, it is
determined whether or not the button is pushed. If a YES is output at step ST-4,
the processing proceeds to step ST-5 and if a NO is output at step ST-4, then the
processing returns to step ST-2.

In step ST-5, the address data supplied from the marker controller 27 is
stored in the RAM 25 and the EEPROM 24 shown in Fig. 3 as the data of the
flemish pixel, and then the processing process to the next decision step ST-6.

In step ST-5, a message indicating whether or not the defective pixel

designating mode is released is displayed on the display section 28 shown in Fig.
3 for the user and it is determined whether or not the release of the defective pixel
designating mode is selected by the user by operating the operation section 29. If

a YES is output at step ST-6, then the processing is ended and if a NO is output
at step ST-6,
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@B and 4 obtained fromthe D flip-flop 2 which latches the

outputs of the first to fourth conparators 101A, 101B, 101C a
accordance with a decoding fashion shown in Fig.

tputs QL, @,
nd 101D in

: ( 13 to thereby generate a
sel ection S:er:,t rf_gle gzlrggtﬂsgge r:@turns to step ST-1. '

In the solid state imager provided with the above-

mentioned image defect correcting circuit, three modes are

available. In the normal camera mode, the defective pixel is

interpolated on the basis of the data stored beforehand

in the

EEPROM 24; in the camera mode for detecting the defective

pixel, not only the inspection of the blemish before the solid

state imager is bought by the user can be considerably

simplified but also data can be additionally provided to the

data stored beforehand in the EEPROM 24. Particularly,

in the

- self-test mode which needs no input by the user when the solid

state imager is switched ON, the detection and interpolation of

the defective pixel can be automatically carried out when the

“solid state imager is powered. Further, in the defetive

designating mode, data indicative of blemish visually

pixel

discovered by the user can be stored in the EEPROM 24, whereby

nminute white blém;sh and black bleﬁish also can be

interpolated.

" In the description of Fig. 3, the image defect cdrrecting

circuit in the solid state imager may be provided inside or

outside the solid state imager.

Further, the microcomputer 23

may be replaced with, for example, a personal computer and this

personal computer may be connected via, for exémple, RS-232C

interface to the solid state imager.

24 may be a floppy disk, a magneto-optical disc or the
vhen an external storage apparatus is utilized. Furthe

the above-mentioned image defect correcting circuit can

fabricated as an IC with ease.

According to the above embodiment of the present

invention, an image defect correcting circuit for a sol

In that event, the EEPROM

like
rmore,

be

id state

QE-pH~4-0--a- -



The sel ection control signal Dierr] fromthe conparing sectren—+86—-s

supplied to the interpolation information selecting sectiof BEBLACEMENT SHEET
It will be seen in Fig. 11 that the interpolation i nf or mat iforfi SErETTiMyg

section 110 is conposed of an adder 111  which is supplied W th &
output of the fifth Dflip-flop 85 in-the register section}8¢, éa{?ﬁ?‘%t‘w%
flip-flop 112 which is supplied at its c@ga.input ter m nal |{Diw

out put of the sixth flip-flop 86 in the Tegister section 8§, a second D
flip- flop 113 which is supplied at its data input term nal—Dwttr—tthe

Q output of the first Dflip-flop 112, a third D flip-flop
jmager is comprised of comparing means for comparing levels of

output signals from respective pixels of a solid state image
pickup element illuminated on its whole surface with a light of
uniform brightness with a predetermined level,'position data
generating means for generating data indicative of a position
of pixel which outputs a signal of peculiar level on the basis
of the compared result of said comparing means, interpolating
means for interpolating an output signal output from the pixel
located at the position indicated by the position data
generated from at least the position data generating means by
usiﬁg an output signal derived from_pther pixel, and.switching
means for selectively- -switching the output signals of the
respectiﬁe pixels and an output signaliof the intexpolating
means on the basis of the output signal from the position data
generating means. Therefore, even when blemish occurs in the
solid state image pickup element housed in the housing, the
blemish occurred in the solid state image pickup element can be

Ainterpolated without disaésembling the solid state image pickup

element from the housing.



114 which is supplied at its data input terminal Dwth the

of the adder 111, a change-over switch 115 which is control|l ed-by thg 2 %!
sel ection control data Dlerr] fromthe conparing section 1Q0jand_a fourth
Dflip-flop 116 which is
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supplied at its data input term nal D wiggh the interpolationjoqtput
sel ected by the change-over switch 115.

pAded QU pUE -

A éeconﬂ embodiment according to the present will hereinafter

pe described with reference to Figs. 9 to 17.

In the second embodiment shown in Figs. 9 to 17, the
present invention is applied to a signal processing system of a
so-called three plate-type solid state image pickup apparatus
in whiqh a color image is picked up by three solid state image
sensors S1R, 51G and 51B on which image pickup screens there
are focused object images analyzed in color into red, green and
blue three primary colors by an image pickup optical system for
image light. .

As shown in Fig. 9, in the signal processing system of
thié.solid state image pickup apparatus, a red camera output
signal from the solid state image sensor 51R for picking up a
red image.is supplied through a pre-amplifier 52R to an A/D
converter 53R, and is thereby converted to a 10-bit digitized
red camera data Dp, which is then fed to a first input terminal
61R of an image defect correcting circuit 60 acéoiding to the
present invention. A green camexra 6utput signal from a solid
state image sensor 51G for picking ué a'green image is supplied
through a pre-amplifier 52G to an A/D converter 53G, and is
thereby converted to’ a 10-bit green camera data D¢, which is
then fed to a second input terminal 61G of the image defect
Correcting circuit 60. Further, a blue camera output signal

.from a solid state image sensor 51B for picking up.a Slue image
is supplied through'a pre-amplifier 52B to an A/D converter
3B, and is thereby converted into a.10-bit blue image data D,
¥hich is then fed to.a third input terminal 61B of the image
efect correcting circuit 60.

As the abovg-mentioned solid state image sensor, there is

“tilized a CCh image sensor of an interline transfer type which
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The adder 111 adds the Q output of the first D flip-flop 11REERECEHREQMHELT
output of the fifth Dflip-flop 85 in the register sectionj8D. “The
change-over switch 115 is supplied at

its first input ternjnpl QIADEDVGGNE
t he added output of the adder 111 through '

the third Dfliptfiop 114. The
data supplied to the first input termnal 115A is output t

r eugh—te
fourth Dflip-flop 116 as nean value ipterpolation data D[grr] which js
provi ded as [err] by usiﬂb canmera out put data Dd and De
provi ded by the two pi xel s d and e adjacent to the above-nenti oned
def ecti ve pi xel

comprises as, for example, shown in Fig. 10, a number of light
receiving sectlons S corresponding to respective pirels arrayed
in a matrix-fashion, vertical transfer registers VR provided at
one side of these light receiving sections S along the
longitudinal direction and a horizontal transfer register HR
provided at the ends of these vertical transfer reglsters VR,
whereby signal charges obtained from the respective light .
receiving sections S in response to the light receiving amount
are trarsferred to respective corresponding vertical transfer
reglsters VR at, for example, every one field or at every one
frame, the above-mentioned signal charges are transferred to
the horizontal register HR through the vertical transfer
reglsrers VR and a signal charge from the horizontal transfer
register HR at every horizontal line is generated as an image
pickup output.

Tﬁrning back to Fig.9, the image defect correcting circuit
60 of this embodimént is comprised of an interpolaéion
information dgenerating circuit 63 to which there are supplied
the three primary color image pickﬁp data Dz, D; and Dy from
the first to third input terminals 61R, 61G and 61B through a
ﬁirsr channel selection switch 62, a first substitute switch
65R to which an interpolation information formed by the
interpolation inforﬁation generating circuit 63 is supplied and
£to which the red camera data D is supplied from the first
input terminal 61R through a delay circuit 64R, a second
Substitute switch 65G to which the interpolation information
Senerated by the interpolation information generating circuit
83 is supplied and to which the green camera data D; is
Supplied from the second input terminal 61G through a delay

®ircuit 64G, a third substitute switch 65B to which the



X. The change-over switch 115 is supplied at its secordpirﬁbf‘m HEHT
termnal 115B with the Q output of the first D flip-flop 112
second D flip-flop 113. The data supplied to the

115B of the change-over switch 115 is out put through the f(uqth D
flip-flop 116 as O-order hold i nterpol abi on data utilizing

out put data provided by the pixel d located adjacent to the_above
defective pixel x. The change-over switch 115 is supplied at

third | nPuhcerpd©4dH MgndiSEsedkpifia Srok! o Hixddit %axy;ufdd RmfiRP 86 in
the register sectlon 8 The dat'a supp |ed to the third input

the blue camera data Dy is supplied from the third input

it hr ough the ~
second i nputf t@7NpPAlgg,

t he—Tcanetr&

Its

terminal 61B through a delaf circuit 64B, a defect position
detecting circuit 67 to which output data from the first to
third substitute switches 65R, 65G and 65B are supplied threugh
a second channel selection switch 66, a system coﬁtroller 68
for controlling operations of the above-mentioned elements, a
memoxry 69, alline address counter 70 and pixel address counter
71 which are connected to the above system controller 68 and so
on.

The interpolation informatien geherating circuit 63 is
comprised of, as shown by a specific arrangement'in Fig. 11, a
.register section 80 which temporarily stores camera data of
channel selected by the first channel selectlon switch 62, an
absolute value computing section 90 which calculates an
absolute valpe of level difference between signal levels
indicated by the camera data stored temporarily in the registei
section 80, a comparing seetion 100 for comparing respeceive
absolute velues calculated by this absolute value computing
section 90 and an ieterpolation operaion section 110 for
obtaining a video information at the position of the defective
Pixel by selectively interpolating camera data stored in the
register section 80 on the basis of the compared result by the
Comparing section 100. .

The register section 80 is composed of.first_to thixd D
flip-flops 81, 82 and 83 connected in cascade, fourth to sixth
D flip-flops 84, 85 and 86 connected in cascade and input.
Change-over switches 87, 88 and 89 for changing-over inputs of
the first to third D flip-flops 81, 82 and 83,

In the register section 80, the first D flip-flop 81




termnal 115C of the change-over switch 115 is out put throug REPIAREMESTIrSHEET
Dflip-flop 116 as O-order

hol d i nterpol ati on data utilizing tThée canmera
out put data De provided by the pixel e | ocat ed adj acent t ? ?qﬂgb‘@95
defective pixel x. Furthernore, the change-over swt h’115
supplied at its 33 fourth
| nput term nal

115D with the Q out put of the second D flip- f|op 82 in the

jetches camera data of 10 bits supplied to its data input
terminal D through the input change-over switch 87 from the
first channel selection switch 62 and feeds its Q output back
to the data input terminal D thereof through the input change-
over switch 87 to thereby temporarily storxe the latched data.
The second D flip flop 82 stores the Q output of first flip-
fiop 81 suppligd,to its data -input terminal D through the input
change-over switch 88 and feeds the~Q.output thereof back to
the data input terminal D thereof through the input éhange-over
switch 88 to thereby temporarily store the latched camera data.
Further, the‘third D flip;flop 83 latches the Q output of the
second D flip-flop 82 supplied to its data input terminal D
through the input change-over switch 89 and feeds the Q output
thereof back to the data input terminal thereof through the
input change-over switch 89 to thereby temporarily store the
latched camera data. In this register section 80, the above
input change-over, switches 87, 88 and 89 are controlled by the
system controller 68, whereby the first to thrid D flipfflopg
81, 82 and 83 latches cam;ra output Dc, Db, Da from thrge
.nearhy pixels.c, b, a located one horizbntai line before the
defective pixel x as sﬁown in Fig. 12 and tempofarily store the
fésPective camera output data Dc, 6b; ba.

The first D flip-flop 81 supplies the above-mentioned
absolute ‘value operation section 90 with upper significant 8-

bit data of the camera output data Dc from the pixel c obtained

&8s the Q output thereof. The second D flip-flop 82 subplies

the above-mentioned interpolation operation section 110 with
the camera output data Db from the pixel b obtained as the Q
Output thereof and also supplies the absolute value operation

Section 90 with polarity inverted data Db of the camera output




regi ster section 80. The data supplied to the fourth input 11bMRepi ACHEENT SHEET
change-pover switch 115 is output through the fourth D flip-flpprti6-as—

O order hold interpolation data utilizing the camera output dpatp Bg% o
provi ded the pixel b |located one horizontal |ine before the apoje? §¢~r‘d| 28
defettive pixel x. In the thus arranged interpolation | nformtion
generating circuit 63, when an object imgge picked up by the pixels a, b,

c, d, e located near the defective pixel x is a stripe patterh—exterd-rg—n

the horizontal direction as shown in Figs. 14A and 14B, the interpol ating
i nf or mat i QRasebeebtagnedcas orhel I ousposnthetré¢at. Fnxtherat “'Pﬁet’éﬁéfgd%- over

switch 115 is connected to the first i nput thrm' nal 5A b &he s@eection
control sflgpaiflerd8deProRYies Jhe APSRILEScY2 10 W% °@oﬁé5 99 Section

100, therepy the _nean | Nt 10 oga Rdvudedaly pde
camera ou‘t”;%\ tu&’i’teé: &géﬁﬁfﬁgﬁ?rfm %?ﬁﬁ%ﬁgi E‘g?s[;%ﬂ%%\% e ggj acgﬁt to the
def ecti ve,pix@neX piielJaOdbRainédé £HHIRCY outpatatwérdéd®. canera output data
Dx of the defective pix&l x. When an .obj ect image picked up by the
respective piirthery, in tlisanegister sentiope8fat toe nfanytdh tos sdkthnt ed
upper left as shown in Fi gs. 15A, _15B and, 15C,, the int eé{)calt ation

i nf or mat | BNESEPTEXARR Bdec BB0ANE 186 Latchhith @ detsheRuenLtal manngxr the, o
switch 115 is_connect ot o] | AN 5 he sel ecti on
control sF@ﬁﬁﬁta Q‘Efér e€eté"% rcg'%mn?‘% 5%%%%%5 f%’gé(gg ?%’e:;%o%p%%llg section
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adj acent to the defective pixel x being output as correction data of the
caner a outgighififitanOxsabit himtde fofc theeQpoutpuds of the fourth and sixth
D flip-flops 84 and 86 are supplied to. the absolute value
operation section 90. Also, the respective Q outputs of the
fifth and sixth D flip-flops 85 and 86 are supplied to the
interpolation operation section 110.

The above-mentioned absolute value operation section 90 is
compoéed of first to fourth adders 91aA, 91B, 91C, 91D, first to
fourth exclusive NOR circuits 92A, 92B, 92C, 92D supplied with
added -outputs of these adders 91A, S1B, 91C, 91D and first to,
fourth D flip-flops 93A,.938, 93C, 93D supplied”at theixr data
input terminals D with outputs of these exclusive NOR circuits:
92a, 928, 92¢, 92D. . -

The fir;t adder 91A adds the Q output of the first D flip-
flop 81 and the 0 output of the fourth D flip-flop 84 in the
register section 80. The first exclusive NOR circuit S2A
EXElusive—ﬁORes the polarity bit § and theidata bit of the
added output from the first adder 91A, and supplies this
- exclusive-NORed output to the data input terminal D of the
first D flip-flop 93A.

The second adder 91B adds the Q output of the first D
flip-flop 81 and the 0 output of the second D flip-flop 82 in

the register section 80. The second exclusive-NOR circuit 92B



Further, when an object image picked up the respective _ T EE
40 pixels a, b, ¢, d and e is a stripe pattern which is orie FBdﬁﬁ&ﬂf&ﬂQﬁiﬁj}
upper right as shown in Figs. 16A, 16B and 16C, the above-nentji gned

interpolation information selecting section 110 is controlledlsychgtihet: 1956
t he thange-over switch 115 is connected

35

exclusive-NORes the polarity bit S and the data bit of the
added output of the second adder 91B, and éupplies an

exclusive-NORed output to the data input terminal D of the
second D flip-flop 93B.

Further, the third adder 91C adds the § output of the

second D flip-flop 82 and the Q output of the third D flip-flop

83 in the regiéter section 80. The third exlusive-NOR circuit

92€ exclusive-NORes the polarity bjit S and the data bit of the
added output of the third adder 91C, and supplies this

exclusive-NORed output to the data input terminél D of the
third D flip-flop 93C.

The fourth adder 91D adds the Q output of the third D
flip-flop 83 and the § output of the sixth D flip-flop 86 in
.the register sectioh 80. Then, the fourth exclusive-NOR
circuit 92D exclusive-NORes the polarity bit S and the data bit
of the added output of the_fourth adder 91D, and'éuppiies the
exclusive-NORed output thereof to the data input terminal D of
the fourth flip-flop 93D. )

Under the condition such that the fifth D £lip-flop 85 in
the register 80 latches camera output data Dx of the defective
pixel x shown in Fig. 12, the fourth D flip-flop 84 outputs
Ccamera output data De from a pixel e adjacent to the defective
Pixel x and that the sixth flip-flop 86 outputs camera output
data Dd from the pixel g'adjacent to the abo&e-mentioned
defective_pixel x, the first to fourth D flip-flops 93aA, 93B,
93C and 93p latch absolute value data [Dc - De|, |Db - Dc|, |Da
= Db|, |Da - Dd| of differences between camera output data from
the pixels a, b, S, d and e located near the defective pixel x

obtained as the exclusive-NORed outputs of the exclusive-NOR
‘Circuits 92a, 92B, 92C and 92D.



to the third input termnal 115C by the sel ection control
derived fromthe decoder 103 of the conparing section 100,
canmera out put data De provided by the pixel e |ocated adjacgén
defective pixel x being output as correction data of the ca
data Dx of the defective pixel x. Fur3thernore, when an .
pi cked up by the respective pixels a, b, ¢, d and e |ocated-
defective pixel x is a stripe pattern which is oriented in the

di rection as showRhenaPpsqiutel palandopemtiame seetdppo? hifHRPLiSH
sel ecting Se%%h%@r %8 sécé¥EH'¥Ho'%Qtﬁugﬁhtiﬁﬁofh % value data |Dc -
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De|,|Dc - Db|, |[Da - Db| and |[Da - Dd| latghed in first to
fourth D flip-flops 93A, 93B, 93C, and 93D. .

| This comparing section 100 is composedlof first to fourth
comparators 101A, 101B, 101C, 101D to which the absolute value
data |Dc -~ Dél, |De —.Dbl; IDa_- Db|, [pa - Dd| from the |
absolute value operating section 90, a D flip-flop 102 which
latches compared outputs df the first to fourth comparators
101a, 1018,.101C, 101D and a decoder 103_which decodes a
latched output from the D flip-flop 102.

The first comparator 10lA compafes the absolute value data
|[pa -~ Dd| and |Da - Db| from the absolute value operating

section 90, and supplies its compared output to a first data

input terminal Dl of the D flip-flop 102. The compared output

of the first comparator 101A goes logic [E) (high) level when
" |pa - Dd| > :|Da -~ Db| and goes logic [L] (low) level when |Da -
Dd| < |Da - Db]. | |

The second comparator 1913 compares the absolute value
data |{Da - Dd| and |Db - Dc} supplied .thereto from the absolute
value operating section 90 and supplies its coﬁparéd.output'to
a second daﬁa input te;minal D2 of the.D flip-flop 102. The
compared ocutput of this second comparator 102 goes logic [Hl
level ‘when |Da - Dd| > |Db --Dcl and goesllogic {L) level when
{Da - pd| < |Db - Dcj.

Furthexr, the third comparator 102 compares the absolute
value data |Dc - De| and |Da - Db| supplied thereto from the
absolute value operating section 90 an&_supplies its compared
cutput éo a third data input terminal D3 of the D flip-flop

102. The compared output of the third comparator 101C goes



change-over switch 115 is connected to the fourth'input
the selection control signal Merr] derived from
conparing section 100, thereby the canera output data Db priov

ter mmal ;\(1415-@ TOYHEET

t he decoder O3of-—the

| . Db priovi dgg, Byt iig
pi xel b located one horizontal |line before the defective piixel L]

out put as
pi xel X.

enbodi ment shown in Fig.9, the first channel
controll ed.by the systemcontroller 68 in such a fashion

9"
correction data of the canera output data Dx of jthe_defective

In the i mage defect correctd’ng circuit 60 off this
sel ection switch 62—+S

A\ Jy 4 mJ

t hat defective

pi xel positjefiagry) ivedetavwhern ppcpoddeli ondDef - Db| and goes logic (L)

jevel when |Dc - De| < |Da - Db|.

The fourth comparator 101D compares the absolute value
data |Dc - De| and |Db ~ Dc| supplied thereto from the above
absolute value operating section 90 and supplies its compared
output to a fourth data input terminal D4 of the D flip-flop
102. The compared output of the fourth comparator 101D goes
logic (K] level when [Dc - Del >.LDb - Dcl.and goes logic [L]
level when |Dc - De| < |Db - Dcj.

In the comparing section 100, the decoder 103 decodes the
latched outputs Q1, 02, Q3 and Q4 obtained from the D flip-flop
102 which latches the compared outputs of the first to fourth

comparators 101a, 101B: 101C and 101D in accordance with a

‘decoding fashion shown in Fig. 13 to thereby generate a

selection control signal Dcryy -

The selection control signal Dcry from the_compéiing
section 100 is supplied.to the interpolatioﬂ.information'
selecting ‘section 110.

It will be seen in Fig. 11 that the intequlation
information selecting'section 110 is composed of an adder 111l
which is supplied with the Q output of the fifth D flip-flop 85
in the register section 90, a first D flip-flqp 112 which is
supplied at its data input terminal D with the Q output of the
sixth flip-flop 86 in the register section 80, a second D £lip-
flop {13 which is supplied at its data input terminal D with
the Q0 output of the first D flip-flop 112, a third D flip-flop
114 which is supplied at its data input terminal D with the
added output of the adder 111, a change-over switch 115 which
!s controlled by the selection control data Dcy, from the

Comparing section 100-°and a fourth D flip-flop 116 which is



defective pixels involved in the respective solid state |nag
51R, 51G and 51B are read out of the nmenmory 69 together
identifying data of the respective solid state inage
and 51B and canera out put data of channel

41 - including the canera output data Dx of ghe defective p
sel ectively supplied to the interpolation information
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X is

supplied at its

output selected by the change-over switch 115.

data input terminal D with the interpolation

The adder 111 adds the Q output of the first D flip-flop

112 and the Q output of the fifth D flip-flop 85 in the

register section 80.

The change-over switch 115 is supplied at its first input

terminal 115A with the added output of the adder 111 through

the third D flip-flop 114.

The data supplied to the first

input terminal 115A is output through the fourth D flip-flop

116 as mean value interpolation data Day which is provided as

Dg + D,
2

Day =

by using camera output data Dd and De provided by the two

pixels d and e adjacent to the above-mentioned defective pixel

E.

The change-over switch 115 is supplied at its second input

terminal 115B with the Q output of the first D flip-flop 112

through the second D flip-flop 113.

The data supplied to the

second ‘input terminal 115B of the chahge-over switch 115 is

output through the fourth D flip-flop 116 as O0-order hold

interpolation data utilizing the camera output data provided by

the pixel d located adjacent to the above defective pixel x.

« -
The change-over switch 115 is supplied at its third input

_terminal'llsc with the Q output of the sixth flip-flop 86 in

the register section 80.

The data supplied to the third input

terminal 115C of the change-over switch 115 is output through

the fourth D flip-flop 116 as 0O-order hold interpolation data

Wtilizing the camera output data De provided by the pixel e

- located adjacent to the above defective pixel x.

Furthermore, the change-over switch 115 is supplied at its




generating circuit 63. Also, the first to third substitute s "Rgpgq
65G and:65B are selectively controlled such that the canera gQutput-

provi ded by the defective pixel x is replaced with the interpol
D generated by the interpolation information generating circyit

Inci dental ly, the positions of the defecfy ve pixels involved}ih these
solid state i mage sensors 51R, 51G and are detected befofehand by the

defective pixel detecting section 67 to which the camera out put

?. 4 J&R_: 5 W ¥ oo -
e

atjon data
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dat.a )

Derr], Derr] and Dierr] from the solid state inmage sensors 51R 51G and
51B are suppfousth input temmpinal Hd SPewith thecQoutput of he secood I3 flip-flop @R, incthel t he

register section 80. The data supplied to the fourth input 115D of the change-over
switch 115 is output through the fourth D flip-flop 116 as O-order hold
interpolation data utilizing the camera output data Db provided the pixel b located

one horizontal line before the above-described defective pixel x.

In the thus arranged interpolation information generating circuit 63, when

pixel x is a stripe pattern extending in the horizontal direction as shown in Figs.
14A and 14B, the interpolating information selecting section 110 is controlled such
that the change-over switch 1'15 is connected to the first input terminal 115A by
the selection control signal and derived from the decoder 103 of the comparing
section 100, thereby the mean value interpolating data D,, provided by the camera
output data Dd and De from the two pixels d and ¢ adjacent to the defective pixel

x being output as correction data of the camera output data Dx of the defective

pixel x.

When an object imagé picked up by the respective pixel a, b

c,d,and e

is a stripe pattern which is oriented upper left as shown in Figs. 15A, 15B and
15C, the interpolation information selecting section 110 is controlled such that the

range-over switch 115 is connected to the second input terminal 115B

by the

selection control signal M, derived from the decoder 103 of the comparing section
100, thereby the camera output data Dd provided by the pixel d located adjacent
to the defective pixel x being output as correction data of the camera output data

Dx of the defective pixel x.
Further, when an object image picked up the respective



. ' ALERARNM [y
def ective pixel position data are stored in the above- ment i dnBEPLARENERY HEET
together with identifying data of the solid state inage sensdrs 51R '51G

and 5iB. Fig. 18 shows in block forma specific arrargenegt7 pECt995
def ective pixel detecting section 67. As shown in Fig. 18, tlhe defective
pi xel detecting section 67 is generally conposed of a hi gh- pass—F+tter

section 120, a clipping processing section4d30 and a defeqtive position

detection processing section 140. The hi gh-pass filter—section 120
is. conprised of D flip- flops 121, 122 and 123 of three stages and two
adders 124 pinels 2128, @. [ fand€f lispal26ripe matrernsvhieh modrdesnedch 127

to in the upper right as shown in Figs. 16A, 16B and 16C, the
above-mentioned intexpolation information selecting section 110
is controlled such that the change-over switch 115 is connected
to the third input terminal 115C by the selection control
signal Mz derived from the decoder 103 of the comparing section
100, thereby the camera output data De provided by the pixel e
located adjacent to the defective pixel X being output as
correction data of the camera output data Dx of the defective
pixel x.

Furthermore, when an object image pickea up by the
respective pixels &, b, ¢, d and e located near the defective
piiel x is a stripe pattern which is oriented in the vertical
direction as shown in Figs. 17A and 17B, the ihterpolation
information selecting sectioﬁ 110 is controlled such that the
chénge-éver switch 115 is epnnected-to the fourth input
terminal 115D by the selection control signal My derived from
the decoder 103 of the comparing séption 100,.thereby the
camera output data Db provided by the pixel b located one
horizontal line before the defective pixel x being output as
correction data of the camera output data Dx of the defective
pixel x. )

In the image defect cdrrecting circuit 60 of this
embodiment shown in Fig.9, the first channel selection switch
62 is controlled by the system controller 68 in such a fashion
that defective pixel position data indicative of positions of
defective pixels involved in ﬁhe respective solid state image
sensors 51R, 51G and S1B are read out of the memory 69 together
with the idenﬁifyiﬁg data of the respective solid state'imaée

sensors 51R, 51G, and 51B and camera output data of chhnnel



t hereby derive transfer function H (z) expressed as H ()}

[err] + 2 [err] - z[err] Q output and Q output of the D flip- RﬂﬂﬁuiﬁB”aﬁfiET
t he out put stage can be selectively output by way of the swit¢h—t27 """
Thi s switch 127 is controlled by the above-nenti oned system

conttol ler 68 so as to select the Q output gphen the defect of 07 DEC 995

jncluding the camera output data Dx of the defective pixel x is
selectively supplied to the interpolation information

generating circuit 63. Also, the first to third substitute

switches 65R, 65G and 65B are selectively controlled such that
the.camera output data Dx provided by the defective pixel x is
replaced with the interpolation data D generated by the
interﬁolation information generating circuit 63.

Incidentally; the positions of the defective pixels
involved ih these solid state image sensors 51R, 51G and 51B
are detected beforehand by the defective pixel detecting

section 67 to which the camera ocutput data Dgx, D¢ and Dg from

the solid state image sensors 51R, 51G and 51B are supplied
through the second channel selection switch'GG, and the
defective pixel position data are stered in the above-mentioned
memoxry 69 together with identifying data of the solid state
image sensors S1R, 51G and S51B.

Fig. 18 shows in block form a specific arrangement'of the

defective plxel detecting section -67. As shown in Fig. 18, the

defective pixel detecting section 67 is generally composed of a
high-pass filter section 120, a clipping processing section 130
and a defective position detection processing section-l40.

The high-pass filtexr section 120 is..comprised of D flip-
flops 121, 122 and 123 of three stages and two adders 124 and
125; a D flip-flop 126 at output stage, and a switch 127 to
thereby derive transfer function H (z) expressed as

H(z) = ~z.-1 + 220 - 21
Q output and § output of the D flip-flop 126 at the output
stage can be selectively output by way of the switch 127. This
switch 127 is contrelled by the above-mentioned system

.
controller 68 so as to select the Q output when the defect of
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white blem sh is detected and to sel ect the Q output whenpthedelectysry
of bl ack bl em sh is detected. The i nage data whose DC ¢onpoheni--an \
whose | ow band conponent are elininated by the high-pass filit¢r section
120 is clipped in its negative side by the clipping processing deétBin 1596
130 and fed to the defect position detection processing sectilo 140.
As shown in Fig. 18, the defect position 48t ection processiig section 140
is conposed of a first Dflip-flop 141 which tenporarily stares._innage data

supplied fromthe clippin

white blemish is getected and to select the {J output when the

" defect of black blemish is detected.

The image data whose DC component and whose low band

component are eliminated by the high-pass filter section 120 is
clipped in its negative side by the clipping processing section.

| 130 and fed to the defect position detection processing section
140. .

As shown in Fig. 18, the defect‘position detection

. processing section 140 is composed of a first D flip-flop 141
which temporarily stores image data supplied from the clipping
processing section 130, a second D flip-flop 142 which
temporarily stores line address data supplied.from the line
address counter 70, a third D flip-flop 143 which temporarily
stores pixel data supplied from the pixel address counter 71, a
'comparator 144 which compares the image data temporarily stored
in the first D flip-flop 141 with the image data supplied from

- the clipping processing section 130 and first to third.éhange—
over switches 146, 147 and 148 to which a compared output f:om
the comparator 1%4 is gupplied through an AND gate circuit 145

. as a switching control signal.

The first D flip-flop 14i'is operated as a maximum value
detéctor which selectively latches image data larger than the
image data previously latched when the image data is supplied
to the data input terminal through the first change-over switch '

146 whose switching operation is coﬁtrolled'by the compared
output of the above-mentioned comparator 144. Thus, it is
possible to detect image data of the defective pixel which
outputs the camera signal of thé maximum signal level.

Then, the second D flip-flop 142 latches line address data

supplied to the data input terminal thereof through the second



processing section 130, a second D flip-flop 142 which tenpo|agid:y st:ef
Aty

| i ne address

flip-flop 143 which tenporarily stores pixel data supplied ffom
address counter 71, a conparator 144 which conpares the inage Hath/ DE

data supplied fromthe line address counter 70,}a,t
o]

-

tenporarily stored in the first Dflip-44op 141 with the imape| data
supplied from the clipping processing section 130 and first to third
change- over switches 146, 147 and 148 to which a conpared obtput from

the conparator 144 is suppli th h 14
swi t chi ng corﬂ‘?’éﬁe’%‘fegn%"% 12‘? Whl%ﬁ fqhgggeﬁDu} %of)‘ 3 rc t E’ob% g?%d as a

maxi mum val Ugpange over switch 146 by the compared output of the comparator 144.

Consequently, the line address data indicative of the position of the defective pixel
is latched in the second D flip-flop 142. '

The third D flip-flop 143 latches pixel address data supplied to the data
input terminal thereof through the third change-over switch 148 which is changed
in position together with the first change-over switch 146 by the compared output
from the comparator 144. Thus, the pixel data indicative of the position of the
defective pixel is latched in the third D flip-flop 143.

The line address data and the pixel data latched in the second and third D
flip-flops 142 and 143 are written in the memory 69 through the system controller

68 as the defective pixel position data together with data indicative of the channel

selected at that time. |

While performing the defect correcting process by using the defective pixel
position data written in the memory 69, the above-mentioned defective position
detecting and processing section 140 sequentially detects the positions of the
defective pixels which present a pecu.har signal level.

As described above, according to the second embodiment of the image
defect correcting circuit of the present invention, the levels of video signals output
from a plurality of pixels located near the defective pixel are compared with each
other to thereby discriminate the pattern of the object image near the defective
pixel and the video information at the position of the defective pixel is obtained by
the interportion on the basis of the video information of the pixels selected in
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operation is controlled by the conpared
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defective pixel which
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out put of the aboveingntioned
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Then, the second D flip-flop 142 |atches line address data
respogsgaLg £R£%”péé¥é9nﬂa'TKQEéfﬁie}'1&9%%“@&@215?&089 perform

the intexpolation processing in which a portion whose defective
portion is corrected can be prevented from becoming
conspicuous.

Let us exélain next a video image defect correcting
circuit of the solid state ;mage pickup apparatus which
corrects the signal level of the camera output when a constant
bias voltage is always applied to t@e camera output responsive
to the amount of- incident light due to the crystal defect of a
solid state imager element.

Conventionally, in the blemish correcting circuit which
corrects the signal level of the output signal from the solid
state imager element, data indicative of the position of
defective pixel involved in the solid state imager element and
data concerning blemish level contained in the output signal
from the solid state imager.element are stored beforehand in
thé nemory, and on the basis of the data read out from this
ﬁemory, the deterioration .of image guality due to the camera
output from the above-mentioned defective pixel is correcéed by
the signal processing. The data indicative of the position of
the defective pixgl'involved in the solid state imager element
and the blemish level are detected beforehand by the production

line and those data are written in a programmable read only
memory. '

Incidentally, in the conventional blemish correcting
Circuit, the position data of defective pixel involved in the
80lid state imager element and the blemish level thereof are
detected beforehand and the correction processing is performed

by using the programmable read only memory in which the above

data are written. As a consequence, when the blemish level is
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the first change-over switch 146 by the conpared output of “at or "1
144. Consequently, the line address data indicative of the o |%5$qz§ e |
defective pixel is latched in the second D flip-flop 142. _J_n.pu:itld"\
Dflip-flop 143 | atches pixel address data supplied to the qatia

termnal thereof through the third change-@8er switch 148
in position together with the first change-over switch 146 b
output fromthe conparator 144. Thus, the pixel data indicative of the
posi tion ofcliangedefBcen\ RO hange Spshian| o (hen & PEYIAteStivep 143.
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witten in the menory 69, the above-nentiqned defective position
d;sadvantages of the prior-art blemish correcting circuit, the

j ch i s changed

present invention is intendgd'to provide a blemish correcting
circuit or a third embodimemnt of the video image correcting
circuit which corrects the signal level of the output signal
from the defective pixel. -According % the third embodiment of
the present invention, even when the blemish level is changed
in an aging change manner or when a new defective'pixel occurs,
a proper blemish coxrrection processing can be effected.

A third embodiment of the video image correcting circuit
of the solid state imager according to the present invention
will be described with reference to the drawings.

In the third embodiment illustrated in Fig. 19, the
.present inventjon is applied to a solid state image sensor 204
in which an object image is focﬁsgd on a target screen by an
image pickup light introduced thereto through a camera optical
system 203 such as a camefa lens.201, ;n iris méchanism 202 and
so on. .

In this solid state imager, the iris mechanism 202 of the
above-mentioned camera optical system 203 carries out the
control of the amount of the image pickup light illuminated on
the target screen of the above-mentioned solid staté image

sensor 204. This iris mechanism 202 is opened and/or closed by

an iris drive section 206 which is operated in response to an
iris control signal from a system controller 205.
Further, the CCD image sensor 204 is driven by a CCD

driver section 204 to which a CCD control signal is supplied



detecting and processing section 140 sequentially detects the

T Y
the defective pixels which present a peculiar signal |evel. " gﬁﬁfﬁ&;wﬂmm;
descri bed above, according to the second enbodi ment of the indgd defect
correcting circuit of the present

i nvention, the levels of vided sOFhBEE 1995
output froma plurality of pixels |ocated near the defective ppixel are
conpared with each other to thereby discrgginate the pattern pf "0b) ect
i mage near the defective pixel and the video

[ QR nOT SHEET

R

information at the position
of the defective pixel is obtained by the interportion on the basis of the
vi deo infornatiQ

44 respo nEE°T oq\ O{sjs %gi“ !to géﬁtéﬁ%:érzg? t(S)‘r?:'g,ahlat pi|'cskspousps ij'tl)‘}aeg etsoigetr:??)r m

operation mode designated by the system controller 205.

| Herein as thé solid state image sensor 204, it is possible
to émploy a CCD image sensor of interline transfer type which
is comprised of as, for example, shown in Fig. 10, a number of
1ight receiving sections § corresponding to respective pixels
arrayed in a matrix fashion, the vertical transfer registexs VR
provided on one side of these light receiving section S along

the longitudinal direction &nd the horizontal transfer register

HR provided at the end sides of these vertical transfer

registers VR. In this CCD image sensor, signal charges

obtained from the respective light receiving sections § in
response to the amount of light received are transferred to the
vertical transfer registers.VR corresponding to every vertigal
lines at, for example, eéery field period or at every frame
period and the signal charges are transferred to the horizontal
transfer register HR through the respective vertical transfer
registers VR, whereby the signal charge of every horizontal
line is pfoduced from this horizontgl transfer register HR as a
camera outéut.

The blemish correcting circuit, which is provided as the
video image defect correcting circuit -in this embodiment,
includes a signal subtracter 209 to which the camera output
from the CCD image sensor 204 is supplied through.a pre-
ahplifier 208.

This signal subtracter 209 is supplied with a blemish
correcting signal through a multiplier 212, and this blemish
correcting signal results from converting blemish correcting '
data read out from a.first memory 210 into analog blemish

correcting signal by a digital-to-analog (D/A) converter 211k.



the interpolation processing in which a portion whose defect

corrected can be prevented from becom ng conspicuous. ngﬁgg Yﬁ?éjﬁET
next a video i mage defect correcting circuit of the solid state inmage

pi ckup apparatus which corrects the signal |evel of the canprp 6H?ﬁhh,ﬁﬁén
a constant bias voltage is always applied to the canera out puf responsive
to the amount of incident |ight due to the4érystal defect of}ja ~SolTd state
i mager el ement. Conventionally, in the blem sh correctlng circuit

whi ch corrects the signal |evel of the output signal fromthe solid
pata write and read of a first memory 210 is controlled by the

system controller 205. This blemish correcting signal is

subtracted from the camera output signal of the CCD image

sensor 204, thexeby the blemish correction processing being.
performed.

The multiplier 212 is supplied with a detection output
signal from a temperature sensor 213.which detects the
temperature of the CCD image sensor 204, that is, a detection

output signal indicating the present temperxature of the CCD

_ image sensorx 204 This detection output s;gnal is multlplied

with the analog blemish correction signal from the D/A

converter 211, whereby the blemish correction signal is

corrected in temperature.

A subtracted output signal from the signal subtracter 209
is digitized by an A/D converter 214, and fed to a digital
signal processing section of the succeeding stage (not shown)

as the camera output data and to an. adder 215.

The adder 215 supplies its added output data through a
change-over'switch 216 to a second memory 217 whose write and o
read of data are controlled by éhe system controller 205.

Data read out of the second memory 217 is supplied to the

adder 215 and is also supplied through a high-pass filter 218

to the change-over switch 216. Further, this second memory 217

is utilized as a,working memory of a computing apparatus 219
which generates blemish correcting data indicative of the
position and the peculiar level of the pixel of pixefé of the
CCD image sensor 204 and which outputs the signal of peculiar
level under the condition that a light is not inéident thereon.

The second ﬁemory 217 is conhected to the above computing
apparatus 219.
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current temperature of the CCD- imagz sensor 204 is supplied

from the temperature sensor 213 to an analog-to-digital (A/D)

converter 220, in which it is converted into a digital signal

and fed to the computing apparatus 219.

In the case of the blemish detection mode, the system

controller 205 supplies the iris drive section 206 with the

iris control signal which closes the iris mechanism 202 that .

controls the amount of light illuminated on the target screen

of the solid state image sensor 204, and also supplies the CCD

drive section 207 with the CCD control signal which designates

the frame xead-out mode of the CCD image sensor 204.

In the

blemish detection mode, the read out of the first memory 210 is

controlled by the system controller 205, thereby

reading out

from the first memory 210 blemish correction data whose

correction level is zero, thus the blemish correction

processing being ended.-

The camera output signal from the defective

pixel obtained

from the CCD image sensor 204 under the condition that the iris

mechanism 202 is closed -increases its signal level, i.e.,

blemish level in proportion to the charge accumulation time in

the above-mentioned defectiv; pixel.

Therefore, in the blemish correcting circuit of this

embodiment, the system controller 205 controls the CCD drive

section 207 to extend the charge accumulation time so that the

charge is accumulated in a range which does not éxceed the

dynamic range of the circuit.

Further, in the blemish deteétinq mode, the system

controller 205 controls the change-~over switch 216 so as to

select the adder 215, and the system controller 205 writes the
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state~i mager el enent and the bl em sh | evel thereof are  dgtected
bef orehand and the correction processing is perforned by uaingjibgg-ﬁgé
pragramabl e read only nenory in which t4ge above data ar itten. As a
consequence, when the blem sh level is -

camexrs output data from the A/D converter 214 in the second
memory 217 in synchronism with the read-out of the camera

output signal from the CCD image sensor 204. Further, the

system controller 205 read out the camera output data written
in the second memory 217, the read-out camera output data is
synchronously added with camera output data from the A/D
convertexr 214 by the adder 215 and the added result is
repeatedly written in éhe second meﬁofy 217, thereby improving
" a S/N ratio. '
Then, the system controller 205 controls the change-over

switch 216 so as to select the high-pass filter 218. Camera

output data is read out of the second memory 217 and written in
the seéond memory 217 via the hig@-pass filtexr 218. In othef
words, the camera output data whosé DC component and whose low
band noise component are eliminated by the high-pass filter 218
' is written in the second memoxry 217. |
. On the basis of the éamera.outéut data thus written in the
! secbhd memory 217, the system controller 205 controls the above
_computing apparatus 219 sﬁch that the computing apparatus 219
performs the computing processing to generata position data
. indicative of the position of defective pixel which outputs a
- signal of peculiar level under the condition that no light is
illuminated and blemish level data indicative of the peculiar
‘ 1e§ei of the signal output from the defective pixel indicated
: by the position data.

The above-described computing apparatus 219 responds to a
temperature at which the charge accumulation time of the CCD
image sensor 204, the number of synchronizing addition and the
above-mentioned camera outpuit data are stored in the second

memory 217 to perform the computing processing to normalize the
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occurs, there is then the disadvantage that the proper blem § correct.i on
procesSi ng cannot be effected

. Therefore, in order to el |mndlé Qe 1996
af orenoted disadvantages of the prior-art blem sh correctingfckrcuit, the
present invention is intended to provide a gpenmi sh correcting

crrcurt_or a
third enbodi mrenmt of the video inage correcting circuit which_corrects the
signal |evel of the output signal

fromthe defective pixel. According to
the third enggg;geggtth data written in the second memory 217, thereby

generating the blemish level date together with the position
data. The blemish level data generated from the computing
apparatus 219 are written in the fixst memory 210 as the
blemish correction data together with the position data under
the control of the system controller 20S.

Then, in the blemish correcting circuit of this
embodiment, the blemish correction data written in the first
memory'210 in the blemish detection mode is read out from the
first memory 210 and converte# to analog data by the D/A .
converter 211 so ﬁhat, when the user takes a picture in actual
practice, a blemish correction signal is generated and the
blemish correction processing is carried out by the signal
subtracter 209.

Incidentally, in accordance with the blemish correcting
circuit of this embodiment, by utilizing a frame memory as the

second memoxry 217, blemish data can be written in.the first

memory 210 by one operation. Wﬁen_a line memoxry is utilized as

the second memory 217, the blemish correction data may be
written in the first memory 210 by operation more than the

number of lines. Furthermore, blemish may be detected at every

point by utilizing a register as shown in a fourth embodiment
of the present invention shown in Fig. 20.

The embodiment of Fig. 20 is different from the embodiment
of Fig. 19 only in the arrangement of a blemish detecting
section 230, and common constituents in Fig. 20 are marked with
the same references, thereby the detailed arrangement need not
be made.

The blemish detecting section 230 in the embodiment shown

in Fig. 20 is composed of an address counter 221 for counting
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change manner or when a new defective pixel occurs, a proper
correction processing can be effected. A third enbodi ne

video i mage correcting circuit of the solid state inager acc
present invention wll
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applied to a solid state i mage sensor 204

be described with re$%rence to the dramnngs

i n which an obj ect

i mage is

focuysed on @d auaBerS6ECETodis From LHRIECH diiiie Ise@lioh N20 DAL eéniehatel O

through a canmera optica

system 203 such as a canera lens 201, an iris

mechani sm 28idxesg data corresponding to xrespective pixels of the CcD

image sensor 204, a high-pass filter 222 to which digital
camera output data, which results from converting the camera
output signal from the CCD image sensor 204 by the A/D
converter 214, is supplied, a comparator 223 and an adder 224
to which the camera output data is supplied through the high-
pass filter 222, first and second switches 225 and 226 which
are changed in position by an output from the comparxatoxr 223, a
first register 227 which temporarily stores the camera output
data supplied’from the high-pass filter 222 through the first
sﬁitch 225, a second register 228 for temporarily stoxring
address data supplied from the address counter 221 through the
second switch 226, and a third register 229 for temporarily
storing added- output data from the adder 224,

In the blemish correcting circuit in this embodiment, in
the blemish detection mode, the system- controller 205 causes
the CCD image sensor 204 to operate in the frame read-out mode
undex the condition that the iris mechanism 202 is closed. ]

Then, the comparator 223 in the blemish detecting section
230. compares the current camera output data supplied through

the high-pass filter 222 with the camera output data previously

stored in the first registre 227. When the current camera

output data is larger than the camera output data previously .
stored in the first registre 227, the comparator 223 changes
the first switch 225 in position so that the current camera
output data is stored in the first register 227, and changes
the second switch 226 in position such that the address data
indicative of the pixel position of the CCD image sensor 204

vhich generates the above present camera output is stored in
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SO on. In this solid state imager, the iris nmechani sm 2Q2 jof the
above-nentioned canera optical system 203 carries out the contriol Qof DERE994
anount of the image pickup light illum nated on the target sgreen of the
above-nentioned solid state inage sensor 204. This iris nmechanism262-rs
opened and/ or cl osed by an iris drive $ction 206 which is opgerated in

response to an iris control signal froma systemcontroller 205.
Further, the CCD i mage sensor 204 is driven by a CCD driver section 204
to whi chha GeRondniveglissegnaksis supplied

More precisely, the first switch 225, changed in position
by the comparator 223, and the first register 227 which stores
the camera output data supplied through the first switch 225
are operated as a peak level detector which detects the peak
level of the camera output data supplied through the high-pass
filter 222. Further, the second switch 226, changed in position
by the comparator 223, and the second register 228 which stores
address data supplied from the address counter 221 through the
second switch 226 are operated as a detector which detects the

* pixel which produces the peak level data stored in the first
register 227, thét is, the position of the defective pixel.

Address data indicating the defective pixel position at
which the above-mentioned camera output data takes a peak value
is stored in the second register 228. The address data
indicating the defective pixel position is supplied to the
system controller 205 and the computing apparatus 219.

Since the .data latching timing of the third register 229
which temporarily stores added output data of the adder 224 is
controlled by the system controller 205, the third register 22§
latches camera output data, which are dexvied from the
defective pixel indicated by the address data latched in the
second register and vwhich are added by the adder 224 in a

synchrdhizing'fashion, to thereby generate camera output data

whose S/N ratio is improved. Camera output data obtained in

the third register 228 is supplied to the above-mentioned

computing apparatus.

1If it is determined by the computing apparatus 219 that
the camera output data obtained at the third register 229 is

sufficiently larger tahn the noise level, this computing
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apparatus 29 responds to a temperature at which the chargé'
accumulation time of the CCD image sensor 204, the number of
addition performed in a synchronizing fashion, and the camera
output data are latched in the second memory 217 to normalize

the camera output data obtained at the third register 229,

thereby blemish level data being generated. The blemish level

data obtained by the computing apparatus 229 is written in the
first memory 2i0 together with the position data of the
defective pixel indicated by tﬁe address data latched in the
second register 228 as blemish correction data.

| The blemish correction data written in the first memory
210 is read out from the first memory 210 and converted into

the analog data by the D/A converter 211, thereby forming a

blemish correction signal. Therefore, while executing the

blemish correction processing, the above-mentioned blemish
detection mode is repeatedly carried out until the camera
output data obtained in the third register 229 becomes less
than the noise level,

The b%emish correction aata thus written in the first'
memory 210 in the blemish detection mode is read out from the .
first memory 210 and converted into the analog data by the D/A
converter 211 so that, in the actual camera mode, the blemish
signal is generated and the blemish correction procegsing is
executed by the signal subtracter.

As described above, in thé image defect correcting circuit
according to the-present invention, of the respective pixels of
the image pickup elements, the position data indicating the
position of the pixel which outputs the signal of the peculiax
level under the condition that no light is incident thereon and

the blemish data indicating the peculiar level are generated
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registers VR In thi § CCD I mage
sensor, signal charges obtained fromthe respective |ight recjiv?qgggg4wgé
sections Sin response to the anount of |ight received are tjransterred
the wvertical transfer registers VR corresponding to every verti-ecat—t+tmes
at, for exanple,

every field period or at every frane period and the
signal charges are transferred to the hori &ntal transfer regrster FR

through the respective vertical transfer registers VR whereby the signal
charge of every hori zont al '

and stored in the memory means. In the actual camera mode, on

the basis of the output signal from the memory means, the
signal of the level indicated by the blemish level data is
subtracted from the output signal of' the pixel of the position
indicated by the above-mentioned position data, thexeby
correcting.the signal level of the ocutput signal from the pixel
included in the solid state image pickué element such as the
. CCD ox the like and which outputs the signal of the peculiar
level under the condition that no light is incident. In
addition, when the blemish level of the image p;ckup element is
changed in an aging change fashion or when new defective pixel
occurs, the proper blemish corregtion'processing can be
effected.
Having described. preferred embodiments of the invention
_ with reference to the accompanying drawings, it is to be _
ﬁnderstood that . the invention is not 1ihited to those precise
embodiments and that various changes and modifications thereof
conld be effected by one skilled in the art without departing

from the spirit or scope of the novel concepts of the invention

as defined in the appended claims.
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An image defect correcting circuit for a solid state mager, comprising:

a) comparing means for comparing levels of output signals from respective
pixels of a solid state image pickup elements illuminated on its whole surface with
a light of uniform brightness with a predetermined level;

b) position data generating means for generating data indicative of a
position of pixel which outputs a signal of peculiar level on the basis of the
compared result of said comparing means;

c) interpolating means for interpolating an output signal output from a
pixel located at the position indicated by said position data generated from at least
said position data generating means by using an output signal derived from other
pixel; and

d) switching means for selectively switching the output signals of said
respective plxels and an output signal of said interpolating means on the basis of
the output signal from said position data generating means.

2. An image defect correcting circuit for a solid state imager according to
claim 1, wherein said position data generating means generates data indicative of -
a position of a pixel which oufputs the signal of peculiar level when said image
defect correcting circuit is connected to a power supply source.

3. An image defect correcting circuit for a solid state imager according to
claim 1, further comprising:

a) an iris for controlling an amount of light incident on said solid state
image pickup element; and
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b) iris control means for controlling said iris, said iris
control means closing said iris when said position data

generating means generates said position data.

4. An image defect correcting circuit for a solid state

imager, comprising:

a) comparing means for comparing levels of 6utput signals
from réspective'pixels of a solid state image pickpp element
illuminated on its whéle sﬁrface with a light of uniform

brightneés with a prede;ermined'level;

b) position data generating means for generating .data
indicative of a position of a pixel which outputs a signal of

peculiar level on the basis of the compared result of said

conmparing means;

c) memory means for storing position data derived from at

least said position data generating means;
d) interpolating means for interpolating an output signal
outpuft from the pixel located at the position indicated by the

position data read out from said memory ‘means by using an

output signal of other pixel; and

e) switching means for selectively switching output
signals of respective pixels and an output signal of said
interpolating means on the basis of the output signal from said

position data generating means.

5. An image defect correcting circuit for a solid state

imager according to claim 4, wherein said position data
generating means generates data indicative of a position of the
pixel which outputs the signal of peculiar level when said

image defect correcting circuit is powered

6. An image defect correcting circuit for a solid state

imager according to claim 4, further comprising: She etHasBeenReplaced

T
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said solid state image pickup element; and

b) iris control means for controlling said iris, said iris
control means closing said iris when said position data

generating means generates said position data.

7. An -image defect correcting circuit according to claim 4,

further comprising displaying means for displaying an operation

guidance to an operator.

8. An image defect correcting circuit according to claim 7,

wherein said displaying means §isplays'an information by which
said operator is urged to pick up a white pattern.

S. An image defect correcting circuit according to claim 4,

further comprising:

a) a filter supplied with an output signal of said
switchingmeans and which eliminates a DC component and a low
frequency component involved in said output signal; and

b) selective outputting means supplied with an output
signal of said filter and for selectively outputting sai@
output signal and a.signal which results from phase-inverting

said output signal, an output of said selective outputting

means being supplied to said comparing means.

10. An image defect correcting circuit according to claim 9,

wherein said selective outputting means selectively outputs
said output signal and said phase-inverted output signal on the
basis of data .which indicates whether the present operation

mode is a white blemish detection mode or a black blemish

detection mode.

11. An image defect correcting circuit according to claim 4,

further comprising:

a) display means for displaying the output signal of said
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Is also supplied through a high-pass filter 218 to the change-over switch
216. Further, this second nenory 217 is utilized as a work

a conput i niyihsHdng: #2889  whi ch generates bl enmish correcting data
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means and outputting a defect position designating signal; and

c) second position data generating means for generating
position data corresponding to a position at which said marker
is displayed when said defect position designating signal is
input by said input means, position data generated from said

second position data generating means being stored in said

memory nieans.

12. An image defect correcting circuit for a solid state

imager, comprising:
a) phase inverting means for inverting phases of output

signals of respective pixels of a solid state image pickup

element illuminated on its while surface with a light of

uniform brightness in association with A read cycle of said
solid state imager pickup element

b) éomparing means for comparing output signals of said
phase inverting means with a predetermined level;

c) position data genérating means for generating data
indicative of a position of a pixel which outputs a signal of
peculiar level on the basis of compared result of said

comparing means;

d) interpolating means for interpolating an output signal -
output from the pixel located at the position indicated by the
position data read out from said memory means by using an
output signal of other pixel; and

e) switching means for selectively switching output
signals of said respective pixels and an output signal of said

interpolating means on the basis of the output signal from said

position data generating means.
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13. An image defect correcting circuit for a solid state

imager in which a video information correcting to a position of
a defective pixel of a plurality of pixels in a solid state
image pickup element is generated by an interpolation
processing on the basis of a video information of a certain

pixel located at other position, comprising:

a) comparing means for comparing levels of video signals
output from a.piurality of pixels 1ocate& near said defective
pixel;

b) selecting means for selecting a vidéo informatibn-of a
pixel to be used in the intefpolation processing on the basis

of a compared result of said comparing means; and

c) interpolating means for generating a video information
corresponding to the position of said defective pixél-qn the
basis of the video information of the pixel selected by said
selecting means by the interpolation processing.

14. Aﬁ image defect correcting c;rcuit for a solid state
tmaéer according to claim.13, wherein said comparing means is
composed of a register for sforing output signals of a f
plurality of pixéls located in the vicinity of said defective
pixel of saia solid state iﬁage pickup element, absolute value
computing means for computing an absolute value of level
difference of output signals of respectiée pixels stored in
s?id resister, and absolute value comparing means for comparing
respective computed results of said absolute value computing
means and said selecting means is composed of a decoder for
outputting selection control signal on the basis of computed

results of said absolute value computing means, an output

signal of said decoder being supplied to said interpolating
means . cet Has Been Replaced

IR



current tenperature of-the—€CDTmage sensor 204 is su
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the solid state image sensor
204, and al so supplies the CCD drive section 207 with { e CCD contro
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204.

In t{EEger, comprising:

3tfage sensor

a) position data gengrating'means for generating position
data indicative of a position of a pixel of respective pixels
of a solid state image pickup eiement and which ocutputs a
signal of peculjar level under the condition that no 1ight is
;ncident on said solid state image pickup element; '

b) blemish level data generating means for generating
blemish level data indicative of a level of a signal output
from the pixel indicated by positioh data from said position

data generating means;

c) memory means for storing said position data and said
blemi§h level data; and

d) correcting means for subtracting a .signal of level
indicated ﬁy said blemish level data from an output signal of
the pixel located at the position indicated by said position

data on the basis of an output signal from said memory means in
the camexra mode.

16. 2An.image defect correcting cigcuit for a solid state
imager, comprising: _

a) position Aata generating means for'generating position
data indicative of a.position of a pixel of respective p{xels
of a solid state image pickup element and which outputs a
signal of peculiar level under the condition that no light is
incident on said solid state image pickup e}eme;t;

b) blemish level data generating means for generating
slemish ievel data indicative of a level of a signal output

from the pixel indicated by position data from said position
jata generating means;

c) memory means for storing said position data and said

* [ L M s *




bl em sh detectrcn“'ae t he read out of the first menmory 210 bs—eont+rotted "
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| evel, i.e., bl emi sh level in proportion to the charge aCCLnuIairon time
in the‘ﬁgﬁ&ghnggyépnggtgpfect|ve pi xel . Ther ef ore, rmtte—brem sh
correcting circuit of th

d) temperature measuring means for measuring a temperature
of said solid state image pickup element;

e) temperature correcting means for temperature-correcting
said blemish level data output from said memory means on the
basis of an output siénal of said temperature measuring means
in the camera mode; and _

f) correcting means for subtracting a signal of a level
indicated by said temperature-corrected blemish level data from
the output signal of the pixel located at the position
indicated by said position data on the basis of an output
signal of said temperature correcting means and an output
signal of said. memory means.

17. An image defect correcting circuit for a solid state
imager according to cleim 15, further comprising:

a) an iris for controlling an amount of light incident on
said solid state image pickup element; and

b) iris control means for controlliqg said iris, said iris
control means closing saie iris when said position'daﬁa

generating means generates said position data.

18. An ;mage defect correcting ' circuit for a solid state image

imger according to claim 15, further comprising driving meens
fox driving said'selid state image pickup element, wherein said
driving means extends a duration of a charge.accummulation time -
of said solid state image pickup element longer than that of a
charge accumulation time of the camera mode when said blemish
level data generating means generates said blemish level data.
19.

An image defect correcting circuit for a . solid state

imager according to claim 15, further comprisig normalizing

means for normalizing seid blemish level data generated by said

* [ L M S *
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blemish level data generating means in response to the charge accumulation time
of said solid state image pickup element and the temperature of said solid state

image pickup element.
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canmera out put data fromthe A/ D converter 214 in the second menory 217 in

synchranismwi th the read-out of the ca

fromthe CCD,
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data is
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ABSTRACT OF THE DISCLOSURE

An image defect correcting circuit for & solid state
imager is arranged such that levels of output signals of

of a solid stete image pickup element (51R, 516G,
51B) illuminated on its whole surface with a light of

pixels

uniform brightness are compared with a
level, data

outputs

the position data 4is interpolated by wusing
signals of other pixels according to an

pixels and the video signal generated by the
interpolation .processing are selectively output on the

basis of the position data.

Fig 9.
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output data is read out of the second nenory 217 and witten i

n t he

second .nenory 217 via the high-pass filter 218. |In other WDrd$EPE§%&EETF$$;
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t he second nenory 217, the systemcontroller 205 controls tHe jabove
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il luminated and bl emish | evel data indicative of the pecullﬂtimgl _maﬂtT
the signal output fromthe defective pixel indicated by |t He position
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tenperature at which the charge accumul ation tinme of the dII) I mage
sensor 204, the nunmber of synchronizing addition and the above-nenti oned
canera outpuit data are stored in the second menory 214-to.performthe
conmputing processing to nornalize the
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generati ng the blem sh |evel
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first menory 210 and converted to anal og data by the D)A converter 211 so
that, when the user takes a picture in actual practice, a bl gm
correction signal is generated and the blem sh correction pragc
carried out by the signal subtracter 209. I ncidentally,] ijn
accordance with the blemish correcting circuit of this enbodi en®7 B¥C 4995 |
utilizing a frame nenory as the second nenory 217, blem sh datja can be f
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witten in the first menory 210 by};p@g operation. Wien a |line nenory is
utilized as se menory 217, the blem sh correction data rmay be
witten in EJ ix st ry 210 by operation nore than the nunber of
| ines. Furthernore, blem sh may be detected at every
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point by utilizing a register as shown in a fourth enbodi nent,

present invention shown in Fig. 20. The enbodi nent of FR&?LAQB\:%&* SHEET i
different fromthe enbodi nent of Fig. 19 only in the arrangengEnt of a |
bl em sh detecting section 230, and common constituents in Fib. 2P DFECE1954 {.
mar ked with the sane references, thereby the detail ed arraphgenment nee !
not be made. The bl em sh detecting section 230 in { he—erbedirent ‘
shown in Fig. 20 is conposed of an address counter 221 for}counting |
5/19
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data supplied fromthe high-pass filter 222 through the fifs SWTTH 225, ]

a second register 228 for tenporarily storing address datf $u iﬁt fm%m
B thir

t he .address counter 221 through the second switch 226, an
Inthe blem sh correcting circuit in this enbodinment, in jthe blem sh

ot

register 229 for tenmporarily storing added-output data frem

detecti on node, the systemcontroller 205 causes t he CCDYmage—sensor— 2074
to operate in the frame read-out nodes19 under the condition that the iris

mechani sm 202 is clo <, Then, the conmparator 223 in the bl em sh

det ecting section 0 &F arks the current canmera output data supplied
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the high-pass filter 222 with the canera output data previ OI!S| ,iM A e,

the first registre 227. Wien the current canera out put datea I s_l_arger
t han<t he camera out put data previously stored in the first regagtp C21996
t he conparator 223 changes .the first switch 225 in positignjso that the
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curtent canera output data is stored in the first register 227, and
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52 the second register 228. More precisely, the first] SRERLAGEMPS] SHEET
changed in position by the conparator 223, and the first repi FTer 227
whi ch* stores the canmera output data supplied through the fiysg gvybglf?: %ﬁg
are operated as a peak | evel detector which detects the peak evel

canera out put data supplied through the high-pass filter 22P. but-her.the |
second switch 226, changed in position by the conparator 223, and the

second regi ster 228 which stores
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address data supplied fromthe address counter 221 through tHeREBEALEMENT SHE

switch.226 are operated as a detector which detects the pixe
produces the peak | evel data stored in the first register 23
the position of the defective pixel. Address data indig
defective pixel position at which the above-nentioned caner 3
takes a peak value is stored in the second register 228. Thd
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controll ed by the systemcontroller 205, the third register 229 | at che’s
canmer a.out put data, which are dervied fromthe defective pixel indicated

by the address data |atched in the second regi ster and WthmWﬁEplﬂﬂdmﬁdTﬂ%ﬁFT

the adder 224 in a  synchronizing fashion, to thereby generate
output data, whose S/INratio is inproved. Canera output data
the third register 229 is supplied to the above-nenti oned cd
appar at us. If it is determ ned by the conputing appard
t he canera out put data obtained at the 1hit® register 229 is

Odhf‘b 9eEL 96

?ﬂs 219 that

sufficiently larger tahn the noise level, this conputing
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53 apparatus 29 responds to a tenperature at which the chargeREPLAGEﬁﬁﬁ'SHEtT
accunul.ation tinme of the CCD i mage sensor 204, the nunber of laddition.
performed in a synchronizing fashion, and the canmera - output datia @rRDEC 1995
| at ched in the second nenory 217 to normalize the canera outpgutj data
obtained at the third register 229, thereby blem sh | evel datja bermg

generated. The bl em sh | evel
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data obtai ned by the conputing apparatus 229 is witten i
menory 210 together with the position data of the defecti
i ndi eated by the address data latched in the second registe
bl em sh correction data. The bl em sh correction data
figgst menory 210 is read out fromthe first nmenory 210 an
the anal og data by the DY A converter 211, thereby formng
correction signal. Therefore, while executing the blem sh correction
processi ng, the above-nentioned bl agi/d® detection node is repeatedly

carried out until the canmera output data obtained in the third register
229 becones | ess

itten i
converted into

FlG. 12




g0y B o |
than the noise | evel, The bl em sh correction data thus jw 1

itten in
the first menory 210 in the blenmi sh detection node is read dut] f@InDEQ€998
first menory 210 and converted into the anal og data by the D/ / converter
211 so that, ¢}

in the actual canera node, the blem sh signal i{s’
and the bl em sh correction processing is executed by the sidnal _
subtracter. As described above, in the inmage defect correcting
circuit according to the present invention, of the respective pixels of
t he i mage pickup elenents, the positigyigata indicating the position of

t he pi xel which outputs the si gFaI/ oGthe73ecul I ar
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| evel under the condition that no light is incident thereon |afEPLAGEAENT SHEET
bl em sh data indicating the peculiar |evel are generated .
54 and stored in the nenory neans. In the actual canera ngdg, Qry DE@-»@;}?
basis of the output signal fromthe nenory neans, the signgl lof the |eve

I ndi cated by the blem sh |level data is
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subtracted fromthe output signal of the pixel of the positipmr—rnatecat-ee——

by the above-nentioned position data, thereby correcting the REP A NGV BIEET
of the output signal fromthe pixel 3

pi ckup el ement such as the CCD or the |ike and which outputfs it hg7s
the” peculiar level under the condition that no light is ing
addi tion, when the blem sh | evel of the image pickup el enentjf i's—ehanged-i-n
an agi ng change fashi on or when new defective pixe
bl em sh correction processing can be effected. -
preferred enbodi ments of the inventixsyl9

included in the solid gtgte 1 nage

occurs,
Havi ng— described

pEcpos

ent.

fe) \v3

t he proper
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with reference to the acconpanying drawings, it is to be
the invention is not limted to those precise
vari gus changes and nodifi cations ther eof

skilled in the art without departing
novel

understoadictinatyzeT

ol |
il

enmbodi nent s anﬁ Boeeonm e ooy
g
F:

could be effected by one ...
fromthe spirit or scCp{ dggtﬂ%bfggé
| 4i s '

concepts of the invention as defined in the appended (
CLAI M5 :
12/19
(a
<
W SS2z¢aY
O reutrsed oz2L2& o
8 /
— N ™
5
1S = s
cIc | & K

&
(@]

145

IR
)

146&&C
147-Lg;4;::' D Q
O .

Ao

148

144

FIG 18

130
\
eLIp

L/NE RPPRESS DATA O—
PIXE L ADPRESS PATA O—

123

22
120

121




1. An i mage defect detecting and conpensating circuit fof
conprising a plurality of pixel

i mager . 5
the ckrcuit conpri sing:

|l ocation in the imager of defective pixels,

RESDAGIL SPafe..

i mage pickup el
means (16-20) for deted
sai d det ed

conprising nmeans (18a) for conparing with a threshold | eve
first output signals produced by each of said pixels on unif
pi xel s of the imager the output f

illum nation of said
detecting neans being f

means (12-15) . f.or generating-a conpe
roduced by ea
|nager by an i mage,

second out put signals
illumnation of the
second out put signals
respective defective
for selectively switc
out put of said conpenga
basi s of defective pig?
"~ (16-20); .
(16-18,SWr) for generét
out put signals from pi X
detecting and conpensat

irst

| ocati on data of 10

Eﬁ?géng si gnal

def ecti ve

eoeg o |

or m
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to replace respective
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by processing
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i|xel ; and 15 swi t chi pg neans (21, SW2- SWM)
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ting sijgnab rfting neans (12-15) on wn the
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an iris for controlling the anount of light incident on said sloIRERLACEIERNT SHEET

| mager » and iris control neans adapted to controlf tjhe Upeniug
and cfosing of said iris; 25 wherein the iris contrdgl nmeg

t he detecting nmeans (16-20) are arranged such t hat .t he fji rist @ﬁ?§§5996
signal s anal ysed by the detecting neans (16-20) are produced Ry t-he-.

pi xel s of the imager during a period when the iris is closed. .
An image defect detecting and conpengﬁ%é circuit according tO Llalnll areh
30 further conprising: ry nmeans (25) for storing first

| ocati on daaref—defective plxels said first | ocation data being
gener at ed heCQetéETTﬁg‘nEans—ttﬁ'267—-mﬂerefﬁ—++ﬁ+—

signal ge I n@Nnea | nged gene

signal s ifve >pec of |pi k&l s| desi
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56 - 4. An i mage defect detecting and conpensating cjrRREPRj
according to claim3 and further conprising: CEMFQE SHEET

means (29) operable for the input of data by an operator; and
di spl ayi ng nmeans for displaying information designating a ty ]3f8i7n;§ﬁﬁ§ 2641
be 5 made by the operator whereby to pronpt the operator ijnt | he
desi gnat ed i nput via the operation neans (29). 5. An i mage
defect detecting and conpensating circuit according to clai m™;
wher ei n skied agiadpl agsegbiedndnits aheahgeding difsphaycamépamappanatus,
desi gnat i mhikbcasi cong@derdhilg otimbkirsempi.xel s as the type of data to be
| nput by the operator. 6. An i mage defect detecting and
conpensating circuit according to claim3 and further conpri sing:

a) display neans for di splay t | f wi t chi ng neans
15 (21, S\e-SW1); and DRBETH ANIF L8 2t : ﬁ*‘ffoﬁr ating a marker
for display onaihe dis '1??)’,an9@!1% %n Bbject ¢LCHLE rEQQBEOkh%Qn'?)io‘hhgcg

operator, a marker | ocat bei ng desi ghat abl e by t'he operat or

cor espo NgiBgile b hReaiiedn i9fage daipsit veopiastiagdcsvehia dos anaiaddy
ocatl on .

state imager in which the aforenoted shortcomings and
disadvantanges encountered with the prior art can be
substantially eliminated.

More specifically, it is an object of the present
invention to provide an image defect correcting circuit for a
solid state imager in which, even when a new crystal defect
occurs in a solid state image pickup element, an image defect
involved in an output image from that solid state image pickup
element can be corrected satisfactorily.

It is another object of the present invention to provide
an image.defect correcting circuit for a solid state imager in
which, when an image defect involved in an output image from a
L solid state image pickup element is corrected by an

interpolation processing, a deterioration of image quality at
the corrected portion can be suppressed to the minimum.

The present invention provides an image defect detecting and
compensating circuit for a solid state imager comprising a plurality of pixel
image pickup elements (pixels), the circuit comprising:

means for detecting the location in the imager of defective pixels,
said detecting means comprising means for comparing with a threshold
level respective first output signals produced by each of said pixels on

uniform illumination of said pixels of the imager, the output from said
detecting means being first location data of defective pixels;

ALe8 3o —
7,"\3\3\



formng second | ocation data of defective pixels; 20 —aherein said

" second | ocation data of defective pixels is stored in the ne r REPLACEMEN “"H’"E?
means (25) and the conpensating signal generating neans (12-1%) /s arfﬁ‘ﬁgeﬂ E
to generate conpensati ng signa%s i-n respect of pixels dgsijgnated by
the first and second | ocation data stored in said menor né KbB)2681
25 7. An i mage defect detecting and conpensating circuit]| aseerding to
claim 3, wher ei nft he threshold |evel . eneraii ngr mfans 6-.18, SW)
conpri ses: means og, gencrpfing @, compansaiing, 1803 {0 5P1acE 16 Ve€signal of
sai d sw t chi secombmstpatisignals proddeq byl ebch détentedadefeatipix@ipanent and . | ow

frequency co - Of i . S| ; . sel ective
out put - mean REEH I of Helnfbt WY an image®b¥Bbcestthe correspondidk 7 -
sel ectivel y 8ecqné outpyt signgls prodieedhy pikdleimthesyicinity bf thetespettivg si gnal
or a signal wBfeehive pixel;ag@ul ts from phase-inverting said filtered output
si gnal . 8. . _An image_defect detecting and conpensating circuit
accordi ng to cl ai AVItCHNE Mmsans frseipntively, syitghingebeymesndhe Qutris fi9m node
and in a bl acle pixets sid tt @0tpu0df saideompensatingsighab emﬁhngghegisiaﬂ E_Ddﬁ
avi ng_a hi gher

b estpi00t sEidtompensatingighable
ot put 1 evel B Gt BRar gy Bk E B FR o B seid e to VR g, o

characterised in that there is provided means for generating said threshold

level by processing first output signals from pixels in said imager.

The above, and other objects, features and advantages of
the present invention will become apparent in the following
detailed description of illustrative embodiments thereof to be
read in conjunction with the accompanying drawings, in which
like reference numerals are used to identify the same or

similar parts in the several views.
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57° to be ' ck bl em sh detection node corresponding to
an- operation mﬁﬂl“ﬂ“llmllrm Iﬁma pi xel having a | ower out pyt—evel--than
ot her pixel s under anid omm isl | &im [ [

wherein said selective outputting nmeans (gs’a, SW6) is adapted

ami nation is consi dered tloRBBLAGHEQIT ROFET

selectively to output said filtered output signal or the phgsg-i yeg;ﬁﬁdnq
filtered 5 rg&g@gt signal in dependence upon whether the cijirquit i s &vu
operating i or white bl em sh detecti on node. 9 AR

i mage defect detecting and conpensating circuit according t¢ claim1 and

further conprising phase inverting neans (17a, SW5) for invertrmg—the—phase
of said first 10 out put si %nal s produced by the pixels on uniform
i |l um natiofd-of tARimggedefecsfictepting andgompensatingefrovibfor ersplid istatminmizges ai d

respectiye fdohﬁiisﬁi%ta%lﬁraﬁi)gﬂﬁﬁiﬁcl%ltagc bieRup BeRRRRI(FixtRY he B¥cui¥emprising:
cofpari son means rgea%g)(IG—ZO) for detecting the location in the imager of defective pixels, said
detecting means comprising means (18a) for comparing with a threshold level respective
first output signals produced by each of said pixels on uniform illumination of said
pixels of the imager, the output from said detecting means being first location data of
10  defective pixels;
means (12-15) for generating a compensating signal, to replace respective
second output signals produced by each detected defective pixel on illumination of the
N imager by an image, by processing corresponding second output signals produced by
pixels in the vicinity of the respective defective pixel; and
15 switching means (21,SW2-SW4) for sclectively switching between the outputs
from the pixels and the output of said compensating signal generating means (12-15) on
the basis of defective pixel location data provided by said detecting means (16-20);
characterised in that there is provided means (16-18,SW7) for generating said
threshold level by processing first output signals from pixels in said imager.
20
2. An image defect detecting and compensating circuit according to claim 1, and
further comprising: :
an iris for controlling the amount of light incident on said solid state imager; and
iris control means adapted to control the opening and closing of said iris;
25 wherein the iris control means and the detecting means (16—20) are arranged such
that the first output signals analysed by the detecting means (16-20) are produced by the
pixels of the imager during a period when the iris is closed.

3. An image defect detecting and compensating circuit according to claim 1 and
30  further comprising:
memory means (25) for storing first location data of defective pixels, said first
location data being generated by the detecting means (16—20); wherein the
compensating signal generating means (12-15) is arranged to generate compensating

signals in respect of pixels designated by the location data stored in said memory means
35  (29).



. 10: An i mage_def ect—detecting and conpensating circuit accqording to claim

n
1,15 wherein Sp .signal generating neans (12- genehat 83
a conpensation ﬂ“\m\“ﬁmmm\ ective interpolation and co &éﬁ)s!'eﬁg'%'ﬁl 8

EET

a) conparing neans (80,'90,“10f) f or corrpa;g g levels of signals jout puthrt_orﬂp
a plurality of pixels |ocated near espective defectiye pilOxal MAR 280
b) selecting neans (103) for selecting output signals of pixel(ts), to be

used in 20 4.genersn imageafefdachdetcaimpgamdabmpgnstiggaircuioacdohding fselsinoB ahdie
out put fromg,hfe.5Q ANle means (101); and <)

I nterpol ati ng nmeans “(11 for Sgenerati ng the conpensating si gnél
correspondi ng t o APsERtSBINGANs (2 operabls fpedisdeput w& dete by @nioperatirkand on t he

basis of the secqngblayingm&mmaisﬁla?n@iﬁf&ﬂaﬁ@&a&igiaﬁg bQysd\6¥ iRPRIE ben(s)
of the pi xelrgé%t sel ect ed b%al d se ectlgég 25 peans_ (10 % ) _11.t
i mage defect P RBCTAIRN WS HDE 1R REQTRIY thY PREGRICT HKER Brakingghé designated inpu
wher ei n via the operatioainttano(@%)r i ng neans i s conposed of a register (80)
for storing output signals of a plurality of pixels located in the

vicinity of said respective defective pixel, absalute 30 val ue conputing
means (90) fdr coMpimagegicdert detseing andeompsnsatingieircuid vedording tecleimd,  of

S0, O g R A o
absol ut e val pe ) i _

conput egor es‘t%fat%f‘ﬁli“&ﬂﬁgg aﬁﬁf‘egéﬁ’%&ndsata to beiimpt yehs ap&atoRonput i ng neans
(90); and

An

_ 6. An image defect detecting and compensating circuit according to claim 3 and
N further comprising;:
a) display means for displaying the output signal from the switching means
15  (21,SW2-SW4); and
b) means (27,28) for generating a marker for display on the display means at a
location controlled by the operator, a marker location being designatable by the operator
as corresponding to the location of a defective pixel and such a designated location
forming second location data of defective pixels;

20 wherein said second location data of defective pixels is stored in the memory
means (25) and the compensating signal generating means (12—15) is arranged to
generate compensating signals in respect of pixels designated by the first and second
location data stored in said memory means (25).

25 7. An image defect detecting and compensating circuit according to claim 3,
wherein the threshold level generating means (16-18,SW7) comprises:

a) a filter (16) supplied with the output signal of said switching means and
adapted to eliminate a DC component and low frequency component of said output
signal; o

30 b) selective output means (17a,SW6), supplied with the filtered output signal, for
selectively outputting as said threshold level said filtered output signal or a signal which
results from phase—inverting said filtered output signal.

8. An image defect detecting and compensating circuit according to claim 7 and
35  operable in a white blemish detection mode and in a black blemish detection mode,
white blemish detection mode corresponding to a mode of operation in which a pixel

having a higher output level than other pixels under uniform illumination is considered




*

sai d sel ecting neans—i-s—eonposed of a decoder (103) for out pl trlggﬂpgr‘?:;

sel ection 35 comm"L , he basis of conputed resuf t§"6fgardl SHEET
absol ute val ue co ml Mﬂﬂm (90), an output signal pf}saird decoder
(103) being supplied to dai @ | at e¥ pol atigyrg neans (110)} 87 MAR o001

to be defective and black blemish detection mode corresponding to an opdration mode in

which a pixel having a lower output level than other pixels under uniform illumination 13
considered to be defective, wherein said sclective outputting means (17a,SW6) is
adapted selectively to output said filtered output signal or the phase—inverted filtered

5  output signal in dependence upon whether the circuit is operating in black or white
blemish detection mode. ' S

9. An image defect detecting and compensating circuit according to claim 1 and
further comprising phase inverting means (17a,SW6) for inverting the phase of said first
10  output signals produced by the pixels on uniform illumination of the pixels of the imager
before comparison of said respective first output signals with the threshold level by the
comparison means (18a). "
“
10.  Animage defect detecting and compensating circuit according to claim 1,
15  wherein said compensating signal generating means (12-15) generates a compensation
signal by selective interpolation and comprises:
a) comparing means (80,90,101) for comparing levels of signals output from a
plurality of pixels located near a respective defective pixel;
b) sclecting means (103) for sclecting output signals of pixel(s), to be used in
20  generation of the compensating signal, on the basis of the output from the comparing
means (101); and
¢) interpolating means (110) for generating the compensating signal
corresponding to the position of said respective defective pixel on the basis of the second
output signals corresponding to the position(s) of the pixel(s) selected by said selecting
25  means (103).
11.  Animage defect detecting and compensating circuit according to claim 10,
wherein
said comparing means is composed of a register (80) for storing output signals of
a plurality of pixels located in the vicinity of said respective defective pixel, absolute
30 value computing means (90) for computing an absolute value of the level difference
of output signals of respective pixels stored in said register (80), and absolute value
comparing means (101) for comparing respective computed results produced by said
absolute value computing means (90); and
said selecting means is composcd of a decoder (103) for outputting selection
35  control signals on the basis of computed results of said absolute value computing means
(90), an output signal of said decoder (103) being supplied to said interpolating means
(110).
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AN IMAGE DEFECT CORRECTING CIROUIT FOR A SOLID STATE IMAGER

ABSTRACT OF THE DISCLOSURE

An image defect correcting circuit for a solid state
imager is arranged such that levels of output signals of
pixels of a solid state image pickup element (51R, 516,
51B) illuminated on its whole surface with a light of

vniform brightness are compared with a
level, data

outputs

predetermined
indicative of & position of a pixel which

a signal of peculiar level is generated on the
basis of the compared result, & video signal cutput from
at 1least the pixel located at the position indicated by
the position data is interpolated by

using output
signals of other pixels according to an

interpolation
processing (63) and the output signals of the respective

pixels and the video signal generated by the

interpolation processing are selectively output on the

basis of the position data.

Fig 9.
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