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Description
Technical Field

[0001] The presentinvention relates to an image-cap-
turing apparatus for capturing an image of a subject by
using solid-state image-capturing elements and to an im-
age-quality correction method used during this image
capture.

Background Art

[0002] In recent years, digital still cameras for storing
captured images as digital data have become popular.
In a digital still camera, an image captured by optical
lenses is photoelectrically converted into digital data by
using an image-capturing device such as a CCD
(Charge-Coupled Device) or a CMOS (Complementary
Metal Oxide Semiconductor) image sensor, after which
predetermined signal processing is performed thereon,
and the data is recorded on an external recording medi-
um, etc.

[0003] As signal processing for a captured-image sig-
nal, automatic control, such as AE (Auto Exposure) for
performing an appropriate exposure, AWB (Auto White
Balance) for performing color correction according to the
color temperature, and DCLP (Digital Clamp) for remov-
ing offset contained in the image signal, is performed.
Detection for the above automatic control is performed
based on the image signal which is read from the image-
capturing device by thinning out pixels. Such an image
signalis normally used as display data on an LCD (Liquid-
Crystal Display) for monitoring during image capture by
a user. Therefore, the reading operation mode that per-
forms thinned-out reading is called a "monitor reading
mode".

[0004] Incontrast, areading operation mode thatreads
a signal from an image-capturing device without thinning
out pixels is called a "frame reading mode" in the case
of an interlace scanning method, and is called an "all-
pixels reading mode" in the case of a progressive scan-
ning method. These are collectively referred to as a "cap-
ture reading mode".

[0005] Fig. 14 schematically shows an example of sig-
nal processing as the reading operation mode shifts in a
conventional digital still camera.

[0006] Fig. 14 shows a case in which a CCD of an
interlace scanning method is used as animage-capturing
device. Part (A) of Fig. 14 shows a synchronization signal
synchronized with the frame or the field. Part (B) of Fig.
14 shows the shift of the reading operation mode in the
CCD. Parts (C) and (D) of Fig. 14 show the flow of a
detection process and an image generation process for
control of AE, AWB, and DCLP corresponding to the
above shift, respectively. The detection process and the
image generation process in parts (C) and (D) of Fig. 14
are performed by, for example, a camera block LSI.
[0007] Attimings T1401 and T1402, as shown in part
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(B) of Fig. 14, the CCD operates in the monitor reading
mode, and performs reading of signals, in which pixels
are thinned out, in synchronization with the synchroniza-
tion signal. The image signal obtained by the monitor
reading mode is converted into digital data, after which,
as shown in part (C) of Fig. 14, in the camera system
LSI, detection for control of AE, AWB, and DCLP is per-
formed. The data obtained by this detection is passed to,
for example, a microcomputer, whereby coefficients for
control of AE, AWB, and DCLP are computed, and these
coefficients are output to the camera system LSI.
[0008] Inthe camera system LSI, as shown in part (D)
of Fig. 14, based on the computed coefficients, an ap-
propriate image-quality correction process is performed
on the image signal obtained in the monitor reading
mode, a process for conversion into a predetermined im-
age data format is performed, and thus a process for
generating an image signal for monitor (hereinafter re-
ferred to as a "monitor image signal") is performed. The
generated monitor image signal is stored in an image
memory such as DRAM (Dynamic Random Access
Memory), after which the monitor image signal is output
to a display block, whereby it is displayed on a display
device such as an LCD, so that monitoring by the user
is performed.

[0009] The useradjusts the angle of view of the subject
by using a display device, and the display image at this
time requires a high frame rate. The monitor reading
mode is a reading operation mode for generating a mon-
itor image signal having a small amount of information
by reading the signal by thinning out pixels in the CCD.
[0010] Next, at timing T1402, when, for example, a
shutter switch is pressed by the user, the CCD is placed
in the capture reading mode, and first, reading of signals
is performed from all the pixels of the odd-numbered lines
in the horizontal direction. At the subsequent timing
T1403, reading of signals is performed from all the pixels
ofthe even-numbered lines. Inthe capture reading mode,
since pixels are not thinned out, the interval of the syn-
chronization signal increases. The image signal obtained
by the capture reading mode is converted into digital data,
and this data is temporarily stored in the image memory.
[0011] Next, at timing T1404, the CCD returns to the
monitor reading mode. Along with this, the image signal
obtained by the capture reading mode is read from the
image memory, this image signal is supplied to the cam-
era system LSI, and a process for generating an image
signal to be recorded on, for example, an external re-
cording medium (hereinafter referred to as a "captured
image signal") is started. As shown in part (D) of Fig. 14,
in the camera system LSI, by using various coefficients
obtained from the image signal in the monitor reading
mode prior to timing T1402 at which the shutter switch
is pressed, correction processes, such as AE, AWB, and
DCLP, forthe image signal from the memory is performed
by open control, and furthermore, adata conversion proc-
ess is performed thereon, thereby generating a captured
image signal. The generated captured image signal is
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again stored in the image memory, after which the signal
is transferred to an external recording medium.

[0012] Thereafter attiming T1405, in the camera block
LS|, the captured image signal generation process is ter-
minated, and a detection for the image signal obtained
in the monitor reading mode is started again.

[0013] As described above, in the conventional digital
still camera, control of AE, AWB, and DCLP is performed
on the image signal which is captured during the capture
reading mode by using various coefficients obtained by
detection in the monitor reading mode which is prior to
the above capture reading mode. This results from being
based on the concept that is constructed on the assump-
tion that, conventionally, the camera signal processing
and the detection process are performed in real time.
That is, this is because, even if detection for the image
signal which is output after the shutter is pressed is per-
formed, the time to compute.the data obtained by the
detection using a microcomputer is required, and the
camera signal processing cannot be performed in real
time on the basis of this computed value.

[0014] JP 9 298 693 relates to this technique and de-
scribes a recording control method for an electronic still
camera that seeks to record image signals that are dis-
played in real time without performing complicated
processing at the time of recording. For image display,
image signals are obtained by a picture element mixing
process from a CCD sensor, interlaced, and displayed
on an LCD monitor. At the time of shifting to a recording
mode by operating the shutter release, the charge stor-
age time of the CCD sensor is doubled, image pickup is
performed and the signal level of the image signals is
matched with the signal level of the image signals during
display.

[0015] US-A-6084 634 relatestoan electronicimaging
apparatus operable in two modes, a view-finder mode
and a still photography mode, with a different optical black
correction procedure being effected in each mode. The
apparatus is selectively operable in a first drive mode for
reading at least a large number of pixels of image data
out of the solid-state sensor element, and in a second
drive mode for reading a second number of selected pix-
els being smaller than the large number and the selected
pixels. The apparatus further includes an optical black
level correction process changing system for changing
a process of detecting an optical black level correspond-
ing to an optical black part of the sensor element and
correcting image data according to the detected level,
the process being changed according to whether the first
drive mode or the second mode is selected to effect a
first correction in the first drive mode and a second cor-
rection in the second drive mode, the first correction being
achieved on the basis of a presently detected optical
black level, and the second correction being achieved by
a feedback control based on a difference between a pre-
viously detected optical black level and a desired optical
black level.

[0016] Furthermore, in the conventional digital still
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camera, there is no large difference between the image
signal which is read as a result of thinning out pixels in
the monitor reading mode and the image signal which is
read without thinning out pixels. Even if the detection is
performed in the monitor reading mode, and a correction
process is performed, based on open control, on the im-
age signal obtained in the capture reading mode by using
the various computed coefficients, a severe problem with
the image quality of the captured image does not occur.
[0017] However, recently, since the number of pixels
of the CCD has been increasing, the difference between
the image signal obtained by the monitor reading mode
and the image signal obtained by the capture reading
mode has become large, and in the conventional method,
correction processes of AE, AWB, and DCLP for the cap-
tured image cannot be performed appropriately.

[0018] Forexample, intheimage-capturing device, the
amount of a dark signal which occurs becomes larger
according to the exposure time and the temperature, and
as the number of pixels increases, the time it takes to
read the image signal in the capture reading mode in-
creases, causing noise components due to the dark sig-
nal generated in the image-capturing apparatus at that
time to be increased. As a result, in the image signal
obtained in each of the monitor reading mode and the
capture reading mode, since the offsets which are con-
tained therein differ greatly, in the image-quality correc-
tion process based on the detection in the monitor read-
ing mode, a problem arises in that an appropriate image
signal cannot be generated.

[0019] Furthermore, as the number of pixels increas-
es, the ratio of thinning out pixels in the monitor reading
mode must be increased so that the frame rate of the
display image for monitoring by the user is not decreased.
As a result, a conspicuous aliasing occurs at the space
sampling on the image-capturing device. As one method
for preventing this aliasing, a method of adding lines of
the same color in the vertical direction on the image-cap-
turing apparatus is becoming more common. However,
in this method, for the image signal in the monitor reading
mode, the amount of the output signal becomes two times
as large due to the line addition. Therefore, during signal
processing for the captured image, the process of cor-
recting the captured image signal in which line addition
is not performed is performed by using the data based
on the detection of the image signal in which line addition
is performed, thus making it difficult to perform proper
control.

[0020] In addition to the problem involved with the in-
crease of the number of pixels, in the correction process
of AE, AWB, and DCLP, there are other conventional
problems. For example, in the monitor reading mode,
generally, an image is captured while the mechanical
shutter is open. At this time, a so-called smear may occur
in the signal output from the image-capturing device. In
contrast, inthe capture reading mode, a mechanical shut-
ter is often used. In this case, a smear does not occur
from the viewpoint of principles. Therefore, there can be
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cases in which a clear difference occurs between the
image signals generated in the two reading operation
modes.

[0021] Furthermore, a digital still camera often has a
strobe mechanism installed therein. This strobe mecha-
nism does not operate during monitor before an image
is captured, that is, in the monitor reading mode, and
operates only in the capture reading mode in which an
image is captured. Therefore, based on the detection for
the image signal in which strobe light is not emitted, the
image signal in which strobe light is emitted is corrected,
and it is impossible to perform accurate control from the
viewpoint of principles.

[0022] The present invention has been made in view
of such problems. An object of the present invention is
to provide an image-capturing apparatus capable of ap-
propriately performing image-quality correction on a cap-
tured image using solid-state image-capturing elements
having a large number of pixels.

[0023] Anotherobject of the presentinvention s to pro-
vide an image-quality correction method capable of suit-
ably performing image-quality correction on a captured
image using solid-state image-capturing elements hav-
ing a large number of pixels.

Disclosure of Invention

[0024] Aspects and embodiments of the invention are
set out in the appended claims.

Brief Description of the Drawings
[0025]

Fig. 1 is a block diagram showing an example of the
configuration of an image-capturing apparatus of the
present invention.

Fig. 2 is a block diagram showing an example of the
internal configuration of a camera system LSI.

Fig. 3 schematically shows an example of pixel cod-
ing in an image-capturing device.

Figs. 4A and 4B show an example of reading signals
in the image-capturing device in the progressive
scanning method.

Figs. 5A and 5B show an example of reading signals
in the image-capturing device in the interlace scan-
ning method.

Fig. 6 shows an example of reading a signal in a
monitor reading mode in the case of the interlace
scanning method.

Fig. 7 shows an example of reading signals in a case
where line addition is performed in the monitor read-
ing mode.

Fig. 8 schematically shows an example of signal
processing as the reading operation mode shifts in
the image-capturing apparatus of the presentinven-
tion.

Fig. 9 is a block diagram showing an example of the
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internal configuration of a camera pre-processing
circuit.

Fig. 10 shows an example of the configuration of a
digital clamping circuit.

Fig. 11 shows an example of the configuration of a
digital gain circuit.

Fig. 12 shows an example of the configuration of a
white-balance adjustment circuit.

Fig. 13 is a flowchart showing the operation of a mi-
crocomputer when an image is captured.

Fig. 14 schematically shows an example of signal
processing as the reading operation mode shifts in
a conventional digital still camera.

Best Mode for Carrying Out the Invention

[0026] The embodiments of the present invention will
now be described below with reference to the drawings.
[0027] Fig. 1 is a block diagram showing an example
of the configuration of an image-capturing apparatus of
the present invention. An image-capturing apparatus 1
shown in Fig. 1 is an apparatus for capturing an image
of a subject and generating image data of a digital sys-
tem. The image-capturing apparatus 1 comprises a lens
2a, an iris 2b, and a shutter 2c, for receiving light from
the subject, an image-capturing device 3 for photoelec-
trically converting this light, an amplifier 4 for driving an
analog image signal from the image-capturing device 3,
afront end 5 for performing a process such as conversion
of an analog image signal into digital data, a camera sys-
tem LSI 6 for performing an image-quality correction
process on the image signal which has been converted
into digital data and a process for conversion into a lu-
minance signal and color-difference signals, an image
memory 7 for storing an image signal output from the
camera system LS| 6, a TG (Timing Generator) 8 for driv-
ing the image-capturing device 3, and a microcomputer
9 for controlling the entire apparatus.

[0028] The lens 2a is movable along the optical axis,
and correctly collects light from the subject into the im-
age-capturing device 3. The iris 2b controls the amount
of light supplied to the image-capturing device 3 by var-
ying the area through which the collected light passes.
The shutter 2c controls the exposure in the image-cap-
turing device 3 by blocking the transmission of light.
There are cases in which the iris 2b also serves the func-
tion of the shutter 2c. The operations of the lens 2a, the
iris 2b, and the shutter 2c are controlled by the micro-
computer 9.

[0029] The image-capturing device 3 is configured in
such a manner that, for example, a large number of solid-
state image-capturing elements, such as CCDs and
CMOS image sensors, are integrated in matrix. The im-
age-capturing device 3 converts light from the subject
into an electrical signal, and outputs the signal as a cur-
rent value or a voltage value. Furthermore, the image-
capturing device 3 comprises a reading operation mode
in which stored charge is read for all the pixels for one
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frame or one field in one scanning, and a reading oper-
ation mode in which stored charge is read by thinning
out pixels. Hereafter, the former is called a "capture read-
ing mode", and the latter is called a "monitor reading
mode".

[0030] Furthermore, in order to remove aliasing com-
ponents of the signal during space sampling, resulting
from the fact that the ratio of thinning out pixels in the
monitor reading mode is high, the image-capturing de-
vice 3 has a function for adding the signals of the lines
of the same color and outputting them with regard to the
pixels in the vertical direction in the image-capturing de-
vice 3 during the monitor reading mode.

[0031] The amplifier 4 drives an analog image signal
from the image-capturing device 3 and supplies the an-
alog image signal to the front end 5.

[0032] The front end 5 comprises an S/H (Sample/
Hold) and GC (Gain/Control) circuit 5a and an A/D con-
version circuit 5b. The S/H and GC circuit 5a performs
by a correlated double sampling process a noise elimi-
nation process for commonly called 1/F fluctuation noise,
etc., on the analog image signal which is supplied via the
amplifier 4, and further performs gain adjustment as nec-
essary. For example, when the intensity of light incident
on the image-capturing device 3 is weak, the inputimage
signal is amplified under the control of the microcomputer
9. The A/D conversion circuit 5b converts a signal from
the S/H and GC circuit 5a into a digital image signal, and
supplies the digital image signal to the camera system
LSI 6.

[0033] The camera system LS| 6 detects animage sig-
nal from the front end 5 under the control of the micro-
computer 9, and while a writing/reading operation for writ-
ing and reading this image signal into and from the image
memory 7 is performed, the camera system LSI 6 per-
forms image-quality correction processes such as white-
balance adjustment and offset elimination, and a process
for converting the image signal into a luminance signal
and color-difference signals. Furthermore, the image sig-
nal which is generated after undergoing such processes
is output to the display block of a display device (not
shown) or a writing block of an external recording medi-
um. Furthermore, a synchronization signal is output to
the front end 5 and the TG 8.

[0034] The image memory 7 is a semiconductor mem-
ory of, for example, DRAM or SDRAM (Synchronous-
DRAM), and temporarily stores an image signal of a dig-
ital system from the camera system LSI 6.

[0035] The TG 8 controls the driving timing in the hor-
izontal and vertical directions under the control of the
microcomputer 9 in the image-capturing device 3.
Furthermore, when the image-capturing device 3 has a
highspeed/low-speed shutter function, the TG 8 performs
exposure time control for this function.

[0036] The microcomputer 9 supervises the control of
the entire image-capturing apparatus 1. For example, the
microcomputer 9 performs control, such as amount-of-
exposure control by the iris 2b, exposure-time control by
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open/close control for the shutter 2c, control of a reading
operation mode (to be described later) in the image-cap-
turing device 3, gain control in the S/H and GC circuit 5a
of the front end 5, operation control and computation of
a control value for the camera system LSI 6, control of
an electronic shutter function of the image-capturing de-
vice 3 by the TG 8, etc.

[0037] Next, the internal configuration of the camera
system LSI 6 will be described below in detail. Fig. 2 is
a block diagram showing an example of the internal con-
figuration of the camera system LSI 6.

[0038] The camera system LS| 6 comprises data bus
selectors 61 and 62 for switching the inputs of image
signals, a detection processing circuit 63 for detecting an
input image signal, a camera pre-processing circuit 64
for performing signal processing, such as animage-qual-
ity correction process, on the input image signal, a cam-
era main-processing circuit 65 for performing a process
for converting the input image signal into a luminance
signal and color-difference signals, a memory controller
66 for controlling writing and reading data into and from
the image memory 7, and a timing generation circuit 67
for generating a timing signal in circuits within the camera
system LSI 6.

[0039] The data bus selector 61 switches an input to
the detection processing circuit 63 and the camera pre-
processing circuit 64 between the image signal from the
front end 5 and the image signal from the image memory
7 via the memory controller 66 in accordance with a con-
trol signal from the microcomputer 9. Furthermore, the
data bus selector 62 switches an input to the memory
controller 66 between the image signal from the front end
5 and the image signal from the camera main-processing
circuit 65.

[0040] The detection processing circuit 63 performs
detection for performing control of AE, AWB, and DCLP
on the image signal input from the data bus selector 61.
For example, the detection processing circuit 63 per-
forms a process for integrating luminance signal compo-
nents within the detection frame for the purpose of AE
control, a process for integrating a color-by-color level
for the purpose of AWB control, and a process for inte-
grating an offset level of each color in the OPB (Optical
Black) area for the purpose of DCLP. The detection
processing circuit 63 outputs the detected data obtained
by each process to the microcomputer 9.

[0041] The camera pre-processing circuit 64 performs
an image-quality correction process, such as white bal-
ance, DCLP, gain adjustment, ycorrection, and a clipping
process, on the image signal input from the data bus
selector 61 in accordance with the control value comput-
ed by the microcomputer 9.

[0042] The camera main-processing circuit 65 per-
forms a pixel interpolation process, a frequency charac-
teristic correction process, etc., on an image signal com-
posed of, for example, RGB primary-color signals, input
from the camera pre-processing circuit 64, so that the
image signal is converted into a common image data
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format formed of a luminance signal (Y) and color-differ-
ence signals (Cb/Cr).

[0043] The memory controller 66 buffers theimage sig-
nal supplied from the data bus selector 62, performs ad-
dressing of the image memory 7, and stores the image
signal in the specified area of the image memory 7 under
the control by the microcomputer 9. Furthermore, the
memory controller 66 reads the image signal of the spec-
ified area and outputs it to the data bus selector 61.
[0044] This memory controller 66 incorporates therein
a thinning-out/addition circuit 66a. The thinning-out/ad-
dition circuit 66a has a function for reading an image sig-
nal from the image memory 7 by thinning out pixels when
the image signal is to be read from the image memory
7, and a function for adding the image signals of the lines
of the same color in the vertical direction in matrix and
outputting them. During the thinned-out reading among
the above, the reading is performed by making a match
with the positions of pixels to be reduced and color coding
in such a manner as to correspond to the thinning-out
method of the image-capturing device 3 in the monitor
reading mode. Also, during the line addition, similarly,
the reading is performed in such a manner as to make a
match with the line addition and the addition method in
the image-capturing device 3 in the monitor reading
mode.

[0045] The timing generation circuit 67 generates a
timing signal which serves as an operation reference for
each internal circuit of the front end 5 and the camera
system LSI 6, the TG 8, etc.

[0046] The image-capturing device 3 of this image-
capturing apparatus 1 comprises two reading operation
modes, thatis, the capture reading mode and the monitor
reading mode in the manner described above. The cap-
ture reading mode is an operation mode for generating
a captured image, and the generated image signal con-
tains data for all the pixels provided in the image-captur-
ing device 3, making it possible to display a high-resolu-
tion image.

[0047] The monitorreading modeis anoperation mode
for generating an image signal to be displayed on the
display device such as an LCD so that, for example, an
angle of view is adjusted by the user before an image is
captured. In this monitor reading mode, as a result of
reading signals from the image-capturing device 3 by
thinning out pixels, the amount of data of the image signal
to be generated is reduced, and the frame rate of the
display image in the display device can be increased.
[0048] Here, a description will now be given of an ex-
ample of reading signals in a case where a primary color
single-plate CCD is used as the image-capturing device
3. Fig. 3 schematically shows an example of pixel coding
in the image-capturing device 3.

[0049] Inthe image-capturing device 3 provided in the
image-capturing apparatus 1, for example, as shown in
Fig. 3, primary colorfilters of R, Gr, Gb, and B are located.
Gr and Gb indicate a G signal set in the same horizontal
line as that of the R signal and the B signal, respectively.
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[0050] In the progressive scanning method, the pixels
in the horizontal lines are stored in sequence in a hori-
zontal register 31, and, for example, as a result of being
read in sequence from the left side, the signals of all the
pixels are output. Furthermore, inthe case of the interlace
scanning method, first, the pixels of the odd-numbered
lines, such as A1 and A2 in the figure, are read in se-
quence, after which the pixels of the even-numbered
lines, such as B1 and B2, are read in sequence, thereby
all the pixels for one frame are output.

[0051] A description will now be given below of a signal
reading operation in the image-capturing device 3 having
such pixel coding. Figs. 4A and 4B show an example of
reading signals in the case of the progressive scanning
method.

[0052] In the case of the image-capturing device 3 of
the progressive scanning method, in the capture reading
mode, as shown in Fig. 4A, the signals of all the pixels
are read in sequence starting from the first line in the
horizontal direction. Fig. 4B shows an example of pixel
thinning-out reading in the case of the monitor reading
mode. Here, the black filled portions indicate pixels for
which reading of signals is not performed. In this exam-
ple, as a result of reading the image signals of two lines
out of eight lines while maintaining the pixel coding like
the first line and the fourth line, and the ninth line and the
twelfth line, the number of pixels to be read is reduced
to 1/4.

[0053] Next, an example of reading signals in the case
of the interlace scanning method will now be described.
Figs. 5A and 5B show an example of reading signals in
the capture reading mode in the case of the interlace
scanning method.

[0054] In the case of the interlace scanning method,
the image signals in the image-capturing device 3 are
read at intervals of two fields. During the reading of the
first field, as shown in Fig. 5A, for example, the image
signals of the odd-numbered lines in the horizontal direc-
tion are read, and during the next reading of the second
field, as shown in Fig. 5B, the image signals of the even-
numbered lines are read. The image signal of each field
is temporarily stored in the image memory 7, thereby
generating the image signals for one frame including all
the pixels.

[0055] Fig. 6 shows an example of reading signals in
the monitor reading mode in the case of the interlace
scanning method.

[0056] In the monitor reading mode, in a manner sim-
ilar to the above-described progressive scanning meth-
od, pixel signals for one frame are read in one scanning.
Inthe example of Fig. 6, as aresult of reading pixel signals
of two lines out of eight lines in the horizontal direction
while maintaining the pixel coding, the number of pixels
is reduced to 1/4.

[0057] Furthermore, in the example of reading signals
in the monitor reading mode shown in Figs. 4B and 6,
since the pixel signals are read in units of one line, it is
necessary to increase the thinning-out ratio as the
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number of pixels possessed by the image-capturing de-
vice 3 becomes larger, the image becomes coarser, and
the aliasing during the space sampling becomes likely to
occur. Therefore, it is conceived that the image quality
is improved by reading in an added manner the pixel
signals of the same color in a plurality of lines in the ver-
tical direction.

[0058] Fig. 7 shows an example of reading signals in
a case where line addition is performed in the monitor
reading mode.

[0059] In the example of Fig. 7, four lines out of 12
lines in the vertical direction are read, and the signals of
the adjacent pixels of the same color in the vertical di-
rection for two lines are added by the horizontal register
31 and are output. For example, for the R signal and the
Gr signal, the image signals of the first line and the third
line are added and output, and for the Gb signal and the
B signal, the image signals of the eighth line and the tenth
line are added and output.

[0060] As a result, while the number of pixels to be
output is reduced to 1/6 of all the pixels, the amount of
video information of 1/3, which is twice that, is reflected
in the image, and thus the coarseness of the image due
to the thinned-out reading is corrected. Furthermore, as
a result of adding the pixel signals of the same color for
two lines in the vertical direction, this functions as a band
filter, and aliasing noise which appears in the image due
to space sampling can be reduced. However, this should
be noted that the level of the output image signal be-
comes two times as high due to this addition.

[0061] In the foregoing, although a case in which a
primary color single-plate CCD is used as the image-
capturing device 3 has been described, when, for exam-
ple, a 3-plate CCD is used, thinned-out reading may be
performed on the image signals for the same number of
lines with respect to each color.

[0062] In this image-capturing apparatus 1, the cam-
era system LSI 6 performs detection for performing a
correction process, such as exposure, white balance,
and offset, on the captured image signal under the control
of the microcomputer 9. Furthermore, by sending this
detected result to the microcomputer 9 and by receiving
the input of the computation result, functions of the au-
tomatic exposure (AE) correction, the automatic white
balance (AWB) correction, and the digital clamp (DCLP)
process for removing an offset are realized.

[0063] Inthe monitor reading mode, a detection is per-
formed on the image signal which is read in a thinned-
out manner from the image-capturing device 3, and
based on this detected data, image-quality correction
control is performed. Furthermore, for example, in the
capture reading mode, after the shutter buttonis pressed,
conventionally, image-quality correction control is per-
formed based on the detected data in the previous mon-
itor reading mode. However, in the present invention, in
addition to the above, a detection is also performed on
the image signal which is read in the capture reading
mode, thereby improving the accuracy of image-quality

10

15

20

25

30

35

40

45

50

55

correction.

[0064] Fig. 8 schematically shows an example of signal
processing as the reading operation mode in the image-
capturing apparatus 1 shifts. The operation of the image-
capturing apparatus 1 will now be described below with
reference to Fig. 8.

[0065] Fig. 8 shows a case in which a CCD of the in-
terlace scanning method is used as the image-capturing
device 3. Fig. 8(A) shows a synchronization signal which
is synchronized with the frame or the field. Fig. 8(B)
shows the shift of the reading operation mode in the im-
age-capturing device 3. Figs. 8(C) and 8(D) show a de-
tection process and an image generation process in the
camera system LSI 6 for controlling AE, AWB, and DCLP,
corresponding to the above shift, respectively. The de-
tection process of Fig. 14(C) is a process performed in
the detection processing circuit 63, and the image gen-
eration process of Fig. 14(D) is a process performed in
the camera pre-processing circuit 64 and the camera
main-processing circuit 65.

[0066] At timings T801 and T802, as shown in Fig. 8
(B), the image-capturing device 3 operates in the monitor
reading mode, and reading of signals in which pixels are
thinned out is performed in synchronization with the syn-
chronization signal. The image signal obtained in the
monitor reading mode is supplied to the front end 5 via
the amplifier 4, whereby the image signal is converted
into digital data. Thereafter, a detection process for con-
trol of AE, AWB, and DCLP is performed in the detection
processing circuit 63 of the camera system LSI 6. The
data obtained by this detection process is passed to the
microcomputer 9, whereby coefficients for control of AE,
AWB, and DCLP are computed and are output to the
camera pre-processing circuit 64 of the camera system
LSI 6.

[0067] As shown in Fig. 8(D), in the camera pre-
processing circuit 64, based on the data output from the
microcomputer 9, a process for generating an image sig-
nal for monitoring by the user (hereinafter referred to as
a "monitor image signal") is started. In the camera pre-
processing circuit 64, based on the coefficients computed
inthe microcomputer 9, an appropriate image-quality cor-
rection process is performed on the image signal ob-
tained in the monitor reading mode. Furthermore, for the
control of AE, based on the computed result, control of
the iris 2b, the front end 5, etc., is also performed by the
microcomputer 9. The image signal output from the cam-
era pre-processing circuit 64 is further converted into a
luminance signal and color-difference signals in the cam-
era main-processing circuit 65, and a monitor image sig-
nal is generated.

[0068] The generated monitor image signal is stored
in the image memory 7 under the control of the memory
controller 66, after which the image signal is output to,
for example, the display block, and the image signal is
displayed on the display device such as an LCD. This
display image is monitored by the user. Since the display
image at this time is based on the image signal generated
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by thinned-out reading of pixels in the image-capturing
device 3, the display image is displayed at a high frame
rate.

Furthermore, when an addition process for the lines of
the same color in the vertical direction is performed, and
the image signal is output in the image-capturing device
3, aliasing noise in the image is reduced.

[0069] Next, at timing T802, when a request for gen-
erating a captured image is supplied to the microcom-
puter 9 as a result of, for example, the shutter switch
being pressed by the user, as shown in Fig. 8(B), the
image-capturing device 3 shifts to the capture reading
mode, and the shutter 2c operates under the control of
the microcomputer 9. In the image-capturing device 3,
first, reading of signals for all the pixels, for example, of
the odd-numbered lines in the horizontal direction is per-
formed. At the subsequent timing T803, reading of sig-
nals for all the pixels of the even-numbered lines is per-
formed.

[0070] In this capture reading mode, since pixels are
not thinned out, the interval of the synchronization signal
increases. Theimage signal obtained in the capture read-
ing mode is converted into digital data by the front end 5
via the amplifier 4, after which the digital data is tempo-
rarily stored at a predetermined address of the image
memory 7 under the control of the memory controller 66
of the camera system LSI 6.

[0071] Next, at timing T804, the image-capturing de-
vice 3 returns to the monitor reading mode. Furthermore,
along with this, the image signal obtained in the capture
reading mode is read from the image memory 7 under
the control of the memory controller 66, and the image
signal is supplied to the camera system LSI 6. In the
camera system LSI 6, as a result of the data bus selector
61 being switched, the image signals containing all the
pixel signals, stored in the image memory 7, are supplied
to the detection processing circuit 63.

[0072] Here,the memory controller 66 reads the stored
image signal by thinning out pixels in such a manner that
the function of the thinning-out/addition circuit 66a con-
trols the address of reading the image memory 7. In this
thinned-out reading, a match is made with the positions
of the pixels to be read and pixel coding when the image
signal is to be read in the image-capturing device 3 in
the monitor reading mode. Furthermore, when the image-
capturing device 3 has performed line addition in the ver-
tical direction and has output pixel signals, the thinning-
out/addition circuit 66a performs an addition process so
that the line addition in the image-capturing device 3
matches the pixel positions with regard to the pixel signal
in which thinning-out reading is performed, and outputs
the signal to the detection processing circuit 63 via the
data bus selector 61.

[0073] The detection processing circuit 63 performs a
detection on the supplied image signal, and outputs the
detected result to the microcomputer 9. Then, at the sub-
sequent timing T805, computations for various coeffi-
cients forimage-quality correction based on this detected
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result is performed by the microcomputer 9. Here, the
microcomputer 9 computes various coefficients by using
both the detected data detected in the capture reading
mode and the detected result using the image signal in
the monitor reading mode prior to timing T802 at which
the shutter switch was pressed.

[0074] At the subsequent timing T806, the various
computed coefficients are supplied from the microcom-
puter 9 to the camera pre-processing circuit 64. Along
with this, the image signal stored in the image memory
7 is read again under the control of the memory controller
66, and is supplied to the camera pre-processing circuit
64 via the data bus selector 61. At this time, the memory
controller 66 reads all the pixel data of the image signal
without using the function of the thinning-out/addition cir-
cuit 66a. This starts a process for generating an image
signal for recording (hereinafter referred to as a "captured
image signal") on an external recording medium.
[0075] In the camera pre-processing circuit 64, based
on the various coefficients from the microcomputer 9, an
image-quality correction process is performed on the in-
put image signal on which thinning-out and line addition
have notbeen performed. In this image-quality correction
process, exposure, white balance correction, elimination
of offset, etc., are performed. Furthermore, this image
signal is supplied to the camera main-processing circuit
65, whereby a pixel interpolation process is performed
thereon, and the signal is converted into a luminance
signal and color-difference signals, thereby generating a
captured image signal.

[0076] The generated captured image signal is sup-
plied to the memory controller 66 via the data bus selector
62, and the image signal is stored at a predetermined
address of the image memory 7 under the control of the
memory controller 66. Furthermore, the stored captured
image signal is read again and is subjected to, for exam-
ple, aresolution conversion process and a data compres-
sion process, and the image signal is transferred to an
external recording medium, etc.

[0077] Thereafter, at timing T807, in the camera sys-
tem LSI 6, the captured-image signal generation process
is terminated, and a detection for the image signal ob-
tained in the monitor reading mode is started again.
[0078] In such a process for the image signal gener-
ated in the capture reading mode, an image-quality cor-
rection process in the camera pre-processing circuit 64
is performed based on the data detected by the detection
processing circuit 63 in the monitor reading mode prior
to the capture reading mode and the data which is ob-
tained by detecting the image signal read in the capture
reading mode. Therefore, it becomes possible to perform
image-quality correction for the captured image signal
by considering the difference in the image state of each
image signal generated in the monitor reading mode and
the capture reading mode.

[0079] For example, as the image-capturing device 3
comes to have a larger number of pixels, in the capture
reading mode, the time it takes to read all the pixels in-
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creases, and a large offset may occur in the image signal.
In the above-described processing, since this offset can
be detected, an appropriate offset elimination process
using DCLP can be performed in the camera pre-
processing circuit 64, making it possible to improve the
image quality.

[0080] Furthermore, in the monitor reading mode,
there are cases in which a smear occurs in the image
signal. This smear does not ordinarily occurinthe capture
reading mode. In the above-described processing, since
the difference in the image signal in each reading mode
due to the occurrence of smear can be detected, it be-
comes possible to perform image-quality correction ac-
cording to this difference.

[0081] Furthermore, when the image-capturing appa-
ratus 1 is provided with a strobe mechanism, this strobe
mechanism ordinarily operates only in the capture read-
ing mode. Therefore, in the above-described processing,
since the difference in the image signal due to the pres-
ence or absence of the strobe mechanism actuation can
be detected, in the camera pre-processing circuit 64, ap-
propriate exposure correction and white balance correc-
tion according to this difference can be performed.
[0082] Furthermore, since thinned-out reading of the
image signal stored in the image memory 7 can be per-
formed by the thinning-out/addition circuit 66a of the
memory controller 66, the amount of data of the image
signal to be supplied to the detection processing circuit
63 is reduced, and thus the time it takes to perform a
detection process can be shortened.

[0083] Inthe monitor reading mode, in order to reduce
aliasing noise which occurs conspicuously as the thin-
ning-out ratio increases, the image-capturing device 3
sometimes performs line addition in the vertical direction.
Similar line addition can be performed by the thinning-
out/addition circuit 66a on the signal read from the image
memory 7, and the signal can be supplied to the detection
processing circuit 63. Therefore, a detection of each im-
age signal in the monitor reading mode and in the capture
reading mode becomes possible with the signal level,
which is a reference, being matched, and thus accurate
image-quality correction can be performed.

[0084] Furthermore, thinned-out reading and line ad-
dition processes in the thinning-out/addition circuit 66a
allow detection of an image signal generated in the cap-
ture reading mode and an image signal generated in the
monitor reading mode to be performed with the pixel
thinned-out position, the pixel coding, and the signal level
which is a reference being matched. Therefore, there is
no need to make a large system change for the detection
processing circuit 63 and the camera pre-processing cir-
cuit 64 in comparison with a conventional case, and the
image quality of the generated image signal can be im-
proved.

[0085] When an image signal is read from the image
memory 7 and is supplied to the detection processing
circuit 63, the signals of all the pixels may be supplied to
the detection processing circuit 63 without performing
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thinned-out reading in the thinning-out/addition circuit
66a. In this case, since image-quality correction can be
performed based on the detection of all the pixels in the
image signals which are read in the capture reading
mode, it is possible to improve the accuracy of image-
quality correction. However, in this case, higher process-
ing performance is required for the detection processing
circuit 63 and the microcomputer 9, and the manufactur-
ing cost is increased.

[0086] A description will now be given below of a de-
tection process and an image-quality correction process
on animage signal. In the following, a descriptionis given
of a case in which a primary color single-plate CCD is
used as the image-capturing device 3.

[0087] In the detection processing circuit 63, mainly,
detected data for control of AE, AWB, and DCLP is com-
puted. Of the detected data for AE among the above data,
a detection frame in the input image signal is set in ad-
vance, the luminance signal level within this detection
frame is integrated for all the pixels, and this integrated
value is outputto the microcomputer 9. For the luminance
signal level, for example, the average value of the four
colors of R, Gr, Gb, and B is used. Furthermore, for the
detected data for AWB, the signal level for each color in
the detection frame is integrated for all the pixels in the
detection frame, and the integrated value of each color
is output to the microcomputer 9. Furthermore, for the
detected data for DCLP, the offset level of each color in
the OPB area in the image signal is integrated, and this
integrated value is output to the microcomputer 9.
[0088] The microcomputer 9 computes each of the co-
efficients for AE, AWB, and DCLP as the control values
for image-quality correction, and sends them to the cam-
era pre-processing circuit 64 of the camera system LSI
6. Furthermore, in the monitor reading mode, for AE, the
coefficientis not sent to the camera pre-processing circuit
64, and the iris 2b, the S/H and GC circuit 5a of the front
end 5, and the TG 8 are controlled so as to make the
optimum exposure.

[0089] Here, the outline of the image-quality correction
process in the camera pre-processing circuit 64 will now
be described. Fig. 9 is a block diagram showing an ex-
ample of the internal configuration of the camera pre-
processing circuit 64.

[0090] The camera pre-processing circuit 64 compris-
es a digital clamping circuit 64a for eliminating offset con-
tained in an input image signal, a digital gain circuit 64b
for adjusting the signal level in order to correct exposure,
a white-balance adjustment circuit 64 ¢ for adjusting white
balance, and a y correction circuit 64d for performing vy
correction.

[0091] Fortheycorrection circuit64d amongthe above
circuits, a circuit having the same configuration as that
used conventionally can be used. In the capture reading
mode, when the thinning-out/addition circuit 66a of the
memory controller 66 is made to function to read an im-
age signal, circuits having the same configuration as that
of the conventional case can be used for the digital clamp-
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ing circuit 64a and the white-balance adjustment circuit
64c. The digital gain circuit 64b is a circuit that is newly
provided in the present invention, as will be described
later.

[0092] Fig. 10 shows an example of the configuration
of the digital clamping circuit 64a.

[0093] As shownin Fig. 10, the digital clamping circuit
64a is formed of a subtraction circuit 641 for subtracting
the amount of offset computed by the microcomputer 9
from each color signal level in the input image signal. In
the microcomputer 9, as the offset level for each color,
values of coefficients R_CLP, Gr_CLP, Gb_CLP,andB_
CLP are computed for each pixel. The digital clamping
circuit 64a subtracts the value of each coefficient re-
ceived from the microcomputer 9 from the input image
signal. As a result, an offset, due to mainly a dark signal,
contained in the image signal which is read in the capture
reading mode, is removed.

[0094] Fig. 11 shows an example of the configuration
of the digital gain circuit 64b.

[0095] As shown in Fig. 11, the digital gain circuit 64b
is formed of a multiplication circuit 642 for multiplying all
the colors computed by the microcomputer 9 with respect
to the signal level of the input image signal by a fixed
gain coefficient.

[0096] Here, the image signal supplied in the capture
reading mode has been subjected to exposure correction
in such a manner that the opening of the iris 2b, the ex-
posure time by the shutter 2¢, and gain adjustment by
the front end 5 are made. Therefore, by newly providing
the digital gain circuit 64b, based on the image signal in
the capture reading mode, the signal level of each color
of the input image signal is multiplied by a constant gain
coefficient, thereby performing further correction for the
brightness. As a result, it becomes possible to correct
the difference in brightness of the image as a result of
using, for example, a strobe function.

[0097] Fig. 12 shows an example of the configuration
of the white-balance adjustment circuit 64c.

[0098] As shown in Fig. 12, the white-balance adjust-
ment circuit 64c¢ is formed of a multiplication circuit 643
for multiplying the signal level of each color in the input
image signal by the WB coefficient computed by the mi-
crocomputer 9. In the microcomputer 9, as the WB coef-
ficient for each color, values R_WB, Gr_WB, Gb_WB,
and B_WB are computed for each pixel. The white-bal-
ance adjustment circuit 64c multiplies the input image
signal by the value of each coefficient received from the
microcomputer 9. As a result, it becomes possible to cor-
rect the difference of the color in the image due to using,
for example, a strobe function.

[0099] The digital clamping circuit 64a and the white-
balance adjustment circuit 64c can also be realized in
the same circuit. The vy correction circuit 64d performs a
non-linear signal conversion process on the signal level
of each color of the input image signal by, for example,
reference to an LUT (Look-Up Table), by a method of
folding approximation, etc.
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[0100] Fig. 13 is a flowchart showing the operation of
the microcomputer 9 when an image is captured.
[0101] In step S1301, the image-capturing device 3
and the TG 8 are set in the monitor reading mode. In the
image-capturing device 3, in accordance with this setting,
an image signal in which thinned-out reading of pixels
and line addition in the vertical direction have been per-
formed is output. At this time, the microcomputer 9 caus-
es the lens 2a, the iris 2b, and the front end 5 to operate
in accordance with the initial setting or in accordance with
the previously used setting. Furthermore, the microcom-
puter 9 controls the data bus selector 61, so that the
image signal input to the camera system LSI 6 via the
front end 5 is input to the detection processing circuit 63,
whereby the image signal is detected.

[0102] In step S1302, the detected data from the de-
tection processing circuit 63 is received. Furthermore,
the received detected data is stored in preparation for
future use during the capture reading mode. In step
S1303, based on the received detected data, various co-
efficients for AE, AWB, and DCLP are computed as con-
trol values for image-quality correction. At this time, the
computation of a control value for AF (Auto Focus) is also
performed.

[0103] Instep S1304, the computed results of the con-
trol values are output, and the control of the AWB and
DCLP functions for the camera pre-processing circuit 64
is performed. Furthermore, as AE control, the operation
control of the iris 2b, the front end 5, and the TG 8 is
performed. Furthermore, AF control for the lens 2a is
performed. The image signal whose image quality is cor-
rected by the camera pre-processing circuit 64 is further
subjected to a process for conversion into a luminance
signal and color-difference signals in the camera main-
processing circuit 65, and the image signal is output as
a monitor image signal.

[0104] Instep S1305, the data bus selector 62 and the
memory controller 66 are controlled so that the generated
monitor image signal is stored in the image memory 7.
Thereafter, the stored monitor image signal is read, and
the image signal is sent to the display block (not shown),
whereby the captured image is displayed on the display
device.

[0105] In step S1306, a determination is made as to
whether or not, for example, the shutter button (not
shown) is turned on. When the shutter button is not on,
the process returns to step S1302, where an image-qual-
ity correction process for the image signal in the monitor
reading mode is repeatedly performed, and the monitor
image signal is generated in sequence. As a result, the
optimum control for AE, AWB, DCLP, and AF is per-
formed on the image signal of a high frame rate, which
is obtained by thinned-out reading in the image-capturing
device 3. When it is determined in step S1306 that the
shutter button is turned on, the process proceeds to step
S1307.

[0106] In step S1307, the image-capturing device 3
and the TG 8 are set in the capture reading mode. As a
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result, the shutter 2c operates, and in the image-captur-
ing device 3, reading of the stored charge of all the pixels
is performed. In the case of the interlace scanning meth-
od, the stored charge of all the pixels is read by two scan-
nings. At this time, line addition in the vertical direction
is not performed. In step S1308, the data bus selector
62 is switched, and by controlling the memory controller
66, the image signal output from the front end 5 is tem-
porarily stored in the image memory 7.

[0107] In step S1309, the data bus selector 61 is
switched, and by controlling the memory controller, the
image signal which is temporarily stored in the image
memory 7 is read, and the image signal is input to the
detection processing circuit 63, whereby the image signal
is detected. At this time, the thinning-out/addition circuit
66a in the memory controller 66 is made to function, and
in accordance with the function in the image-capturing
device 3 during the memory reading mode, thinned-out
reading and line addition are performed on the image
signal.

[0108] In step S1310, the detected data from the de-
tection processing circuit 63 is received. In step S1311,
based on the received detected data, a control value for
image-quality correction is computed. At this time, for
example, the coefficient for DCLP is computed based on
only the detected data which is received at this time, and
the AE and AWB coefficients are computed by referring
to this detected data and the detected data which is
stored during the monitor reading mode prior to that of
the above detected data.

[0109] In step S1312, by controlling the memory con-
troller 66, the image signal which is temporarily stored in
the image memory 7 is read again, and the image signal
is input to the camera pre-processing circuit 64. At this
time, the function of the thinning-out/addition circuit 66a
in the memory controller 66 is cancelled, and the image
signals for all the pixels are read.

[0110] In step S1313, various computed coefficients
are output to the camera pre-processing circuit 64, and
control of the AE, AWB, and DCLP functions in the cam-
era pre-processing circuit 64 is performed. As a result,
exposure, white balance, and correction for offset with
respect to the image signal in which pixels are not thinned
out is performed. Furthermore, in the camera main-
processing circuit 65, a process for separation into a lu-
minance signal and color-difference signals is per-
formed, and a captured image signal is generated.
[0111] In step S1314, by controlling the memory con-
troller 66, the generated captured image signal is stored
in a predetermined area of the image memory 7. There-
after, the stored captured image signal is read, the signal
is transferred to a processing block for a resolution con-
version process, etc., a data compression process, etc.,
and the image signal is transferred to an external record-
ing medium (not shown).

[0112] Instep S1311 ofthe above-described flowchart,
in the microcomputer 9, each coefficient for AE and AWB
may be computed using only the detected data in the
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capture reading mode. However, by using the detected
data in the monitor reading mode prior to the capture
reading mode, the image quality of the image signal in
the capture reading mode can be estimated to a certain
degree, and the accuracy of image-quality correction can
be improved efficiently.

[0113] As has thus been described, in the image-cap-
turing apparatus of the present invention, in the second
reading operation mode, an image signal which is read
from solid-state image-capturing elements without being
thinned out is supplied to detection means, whereby a
detection is performed thereon. Therefore, since signal
processing means performs signal processing forimage-
quality correction of this image signal on the basis of the
detection for the image signal which is read in the second
reading operation mode, it is possible to properly perform
image-quality correction even when the number of pixels
possessed by the solid-state image-capturing elements
is large.

[0114] Furthermore, for example, during the second
reading operation mode, when the image signal stored
in the temporary storage means is read and is supplied
to the detection means, the reading control means may
read the image signal by thinning out the pixels in such
a manner as to correspond to the reading from the solid-
state image-capturing elements during the first reading
operation mode. As a result, the time required for detec-
tion is shortened, and each function can be realized with-
out greatly changing the configuration of the detection
means and the signal processing means in comparison
with that of the conventional case.

[0115] In the image-quality correction method of the
present invention, when the solid-state image-capturing
elements shift from the first reading operation mode to
the second reading operation mode, a predetermined de-
tection is performed on the image signal which is read
without being thinned out from the solid-state image-cap-
turing elements. Therefore, since predetermined signal
processing for image-quality correction is performed
based on the detection for the image signal which is read
in the second reading operation mode, it is possible to
suitably perform image-quality correction even when the
number of pixels possessed by the solid-state image-
capturing elements is large.

[0116] Furthermore, for example, when an image sig-
nal which is temporarily stored is read and a predeter-
mined detection is performed thereon, the image signal
may be read by thinning out pixels in such a manner as
to correspond to the reading from the solid-state image-
capturing elements during the first reading operation
mode. As aresult, the time required for detection is short-
ened, and each function can be realized without greatly
changing the configuration of the detection means and
the signal processing means in comparison with that of
the conventional case.
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Claims

An image-capturing apparatus (1) for capturing an
image of a subject, said image-capturing apparatus
comprising:

solid-state image-capturing elements (3) ar-
ranged in matrix comprising a first reading op-
eration mode in which a captured-image signal
is read by thinning out pixels, and a second read-
ing operation mode in which a captured still im-
age signal is read without thinning out pixels;
temporary storage means (7) for temporarily
storing the stillimage signal read from said solid-
state image-capturing elements during said sec-
ond reading operation mode;

detection means (63) for performing a predeter-
mined detection on said image signal read from
said solid-state image-capturing elements dur-
ing said first reading operation mode and per-
forming a predetermined detection on said im-
age signal read from said temporary storage
means during said second reading operation
mode;

a microcomputer for receiving data detected by
the detection means and, in the first reading op-
eration mode, for determining coefficients from
data detected by the detection means in the first
reading operation mode, and, in the second
reading operation mode, for determining coeffi-
cients from data detected by the detection
means in the first reading operation mode and
in the second reading operation mode;

signal processing means (64) for performing
predetermined signal processing for correcting
image quality on said image signal read from
said solid-statue image-capturing elements dur-
ing said first reading operation mode using the
coefficients determined by the microcomputer
in said first reading operation mode, and on said
image signal read from said temporary storage
means during said second reading operation
mode using the coefficients determined by the
microcomputerin said second reading operation
mode; and

reading control means (66) for, during said sec-
ond reading operation mode, reading the image
signal stored in said temporary storage means
during said second reading operation mode and
supplying the image signal to said detection
means, and thereafter, re-reading said stored
image signal and supplying the image signal to
said signal processing means.

An image-capturing apparatus according to Claim 1,
wherein said reading control means reads said im-
age signal stored in said temporary storage means
by thinning out pixels in such a manner as to corre-
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spond to the reading from said solid-state image-
capturing elements during said first reading opera-
tion mode, and supplies the image signal to said de-
tection means.

An image-capturing apparatus according to Claim 1,
wherein said solid-state image-capturing elements
comprise first signal addition means for adding sig-
nals of a plurality of pixels in the lines of the same
colorinthe vertical direction and reading them during
said first reading operation mode, and

said reading control means comprises second signal
addition means (66a) for adding signals for the pixels
corresponding to said first signal addition means to
said image signal read from said temporary storage
means during said second reading operation mode
and supplying the signals to said detection means.

An image capturing apparatus according to Claim 1,
wherein said signal processing means adjusts white
balance on said input image signal using the coeffi-
cients determined by the microcomputer.

An image-capturing apparatus according to Claim 1,
wherein said signal processing means performs an
offset elimination process on said input signal using
the coefficients determined by the microcomputer.

An image-capturing apparatus according to Claim 1,
wherein said signal processing means performs gain
adjustment on said input image signal using coeffi-
cients determined by the microcomputer.

An image-capturing method for capturing an image
of a subject by using solid-state image-capturing el-
ements (3), said method comprising the steps of:

performing a predetermined detection on an im-
age signal which is read from said solid-state
image-capturing elements in a first reading op-
eration mode in which said image signal cap-
tured by said solid-state image-capturing ele-
ments is read by thinning out pixels;
determining coefficients from the data detected
by the predetermined detection performed on
the image signal read in the first reading oper-
ation mode;

performing predetermined signal processing for
correcting image quality on said image signal
read in the first reading operation mode using
the coefficients;

temporarily storing a stillimage signal read from
said solid-state image-capturing elements when
said solid-state image-capturing elements shifts
to a second reading operation mode without
thinning out said pixels;

reading said stored image signal and performing
further predetermined detection thereon;
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determining further coefficients from the data
detected by the predetermined detection per-
formed on the image signal read in the first read-
ing operation mode and the data detected by
the further predetermined detection performed
on the image signal read in the second reading
operation mode; and

re-reading said stored image signal and per-
forming further predetermined signal process-
ing for image-quality correction on said re-read
image signal using the further coefficients.

An image-capturing method according to Claim 7,
wherein, during said second reading operation
mode, when said image signal which is temporarily
stored is to be read and said further predetermined
detection is to be performed thereon, said image sig-
nal is read by thinning out pixels in such a manner
as to correspond to the reading from said solid-state
image-capturing elements during said first reading
operation mode.

Patentanspriiche

Bilderfassungsvorrichtung (1) zur Erfassung eines
Bilds eines Subjekts, wobei die Bilderfassungsvor-
richtung aufweist:

Festkorper-Bilderfassungselemente (3), ange-
ordnet in einer Matrix, aufweisend einen ersten
Leseoperationsmodus, bei dem ein Erfasst-
Bildsignal durch Ausdunnen von Pixeln gelesen
wird, und einen zweiten Leseoperationsmodus,
beidem ein erfasstes Standbildsignal ohne Aus-
dinnung von Pixeln gelesen wird,

eine Temporarspeichereinrichtung (7) zum tem-
poraren Speichern des aus den Festkdrper-Bil-
derfassungselementen wahrend des zweiten
Leseoperationsmodus gelesenen Standbildsi-
gnals,

eine Detektionseinrichtung (63) zum Ausflihren
einer vorbestimmten Detektion an dem aus den
Festkorper-Bilderfassungselementen wahrend
des ersten Leseoperationsmodus gelesenen
Bildsignal und Ausflihren einer vorbestimmten
Detektion an dem aus der Temporarspeicher-
einrichtung wahrend des zweiten Leseoperati-
onsmodus gelesenen Bildsignal,

einen Mikrocomputer zum Empfangen von
durch die Detektionseinrichtung detektierten
Daten und, beim ersten Leseoperationsmodus,
zum Bestimmen von Koeffizienten aus durch die
Detektionseinrichtung beim ersten Leseopera-
tionsmodus detektierten Daten und, beim zwei-
ten Leseoperationsmodus, zum Bestimmen von
Koeffizienten aus durch die Detektionseinrich-
tung beim ersten Lescoperationsmodus und

10

15

20

25

30

35

40

45

50

55

13

beim zweiten Leseoperationsmodus detektier-
ten Daten,

eine Signalverarbeitungseinrichtung (64) zum
Ausflihren einer vorbestimmten Signalverarbei-
tung zum Korrigieren einer Bildqualitat an dem
aus den Festkdrper-Bilderfassungselementen
wahrend des ersten Leseoperationsmodus ge-
lesenen Bildsignal unter Benutzung der durch
den Mikrocomputer beim ersten Leseoperati-
onsmodus bestimmten Koeffizienten und an
dem aus der Temporarspeichereinrichtung
wahrend des zweiten Leseoperationsmodus
gelesenen Bildsignal unter Benutzung der durch
den Mikrocomputer beim zweiten Leseoperati-
onsmodus bestimmten Koeffizienten und

eine Lesesteuereinrichtung (66) zum Lesen,
wahrend des zweiten Leseoperationsmodus,
des in der Temporarspeichereinrichtung wah-
rend des zweiten Leseoperationsmodus ge-
speicherten Bildsignals und Zufiihren des Bild-
signals zu der Detektionseinrichtung und da-
nach Neulesen des gespeicherten Bildsignals
und Zufiihren des Bildsignals zu der Signalver-
arbeitungseinrichtung.

Bilderfassungsvorrichtung nach Anspruch 1, wobei
die Lesesteuereinrichtung das in der Temporéarspei-
chereinrichtung gespeicherte Bildsignal durch Aus-
dinnen von Pixeln liest derart, dass es mit dem Le-
sen aus den Festkorper-Bilderfassungselementen
wahrend des ersten Leseoperationsmodus korre-
spondiert, und das Bildsignal der Detektionseinrich-
tung zufiihrt.

Bilderfassungsvorrichtung nach Anspruch 1, wobei
die Festkorper-Bilderfassungselemente eine erste
Signaladditionseinrichtung zum Addieren von Si-
gnalen mehrerer Pixelin den Zeilen der gleichen Far-
be in der vertikalen Richtung und sie Lesen wahrend
des ersten Leseoperationsmodus aufweist, und
die Lesesteuereinrichtung eine zweite Signaladditi-
onseinrichtung (66a) zum Addieren von Signalen fiir
die mit der ersten Signaladditionseinrichtung korre-
spondierenden Pixel zu dem aus der Temporarspei-
chereinrichtung wahrend des zweiten Leseoperati-
onsmodus gelesenen Bildsignal und Zufiihren der
Signale zu der Detektionseinrichtung.

Bilderfassungsvorrichtung nach Anspruch 1, wobei
die Signalverarbeitungseinrichtung einen Wei3ab-
gleich an dem eingegebenen Bildsignal unter Benut-
zung der durch den Mikrocomputer bestimmten Ko-
effizienten einstellt.

Bilderfassungsvorrichtung nach Anspruch 1, wobei
die Signalverarbeitungseinrichtung einen Versatze-
liminationsprozess an dem eingegebenen Signal un-
ter Benutzung der durch den Mikrocomputer be-
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stimmten Koeffizienten ausfihrt.

Bilderfassungsvorrichtung nach Anspruch 1, wobei
die Signalverarbeitungseinrichtung eine Verstar-
kungseinstellung an dem eingegebenen Bildsignal
unter Benutzung von durch den Mikrocomputer be-
stimmten Koeffizienten ausfihrt.

Bilderfassungsverfahren zur Erfassung eines Bilds
eines Subjekts durch Benutzung von Festkorper-Bil-
derfassungselementen (3), wobei das Verfahren die
Schritte aufweist:

Ausfiihren einer vorbestimmten Detektion an ei-
nem Bildsignal, das aus Festkorper-Bilderfas-
sungselementen bei einem ersten Leseoperati-
onsmodus gelesen wird, bei dem das von den
Festkorper-Bilderfassungselementen erfasste
Bildsignal durch Ausdiinnen von Pixeln gelesen
wird,

Bestimmen von Koeffizienten aus den durch die
an dem beim ersten Leseoperationsmodus ge-
lesenen Bildsignal ausgefiihrte vorbestimmte
Detektion detektierten Daten,

Ausflihren einer vorbestimmten Signalverarbei-
tung zum Korrigieren einer Bildqualitat an dem
beim ersten Leseoperationsmodus gelesenen
Bildsignal unter Benutzung der Koeffizienten,
temporar Speichern eines aus den Festkdrper-
Bilderfassungselementen gelesenen Standbild-
signals, wenn die Festkorper-Bilderfassungs-
elemente zu einem zweiten Leseoperationsmo-
dus ohne Ausdinnung der Pixel schalten,
Lesen des gespeicherten Bildsignals und Aus-
fuhren einer weiteren vorbestimmten Detektion
daran,

Bestimmen weiterer Koeffizienten aus den
durch die an dem beim ersten Leseoperations-
modus gelesenen Bildsignal ausgefiihrte vorbe-
stimmte Detektion detektierten Daten und den
durch die an dem beim zweiten Leseoperations-
modus gelesenen Bildsignal ausgefiihrte vorbe-
stimmte Detektion detektierten Daten, und
Neulesen des gespeicherten Bildsignals und
Ausfiihren einer weiteren vorbestimmten Si-
gnalverarbeitung zur Bildqualitatskorrektur am
neugelesenen Bildsignal unter Benutzung der
weiteren Koeffizienten.

Bilderfassungsverfahren nach Anspruch 7, wobei,
wahrend des zweiten Leseoperationsmodus, wenn
das Bildsignal, das temporéar gespeichert ist, zu le-
sen ist, und die weitere vorbestimmte Detektion dar-
an auszuflhren ist, das Bildsignal durch Ausdiinnen
von Pixeln gelesen wird derart, dass es mit dem Le-
sen aus den Festkorper-Bilderfassungselementen
wahrend des ersten Leseoperationsmodus korre-
spondiert.
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Revendications

Appareil de prise de vue (1) destiné a prendre une
image d’'un sujet, ledit appareil de prise de vue
comprenant :

des éléments d’acquisition d'image a semi-con-
ducteurs (3) agencés en matrice comprenant un
premier mode de fonctionnement de lecture
dans lequel un signal d’image acquise est lu en
éliminant des pixels, etun second mode de fonc-
tionnement de lecture dans lequel un signal
d’'image fixe acquise est lu sans éliminer de
pixels ;

un moyen de mémorisation temporaire (7) des-
tiné a mémoriser temporairement le signal
d’image fixe lu a partir desdits éléments d’ac-
quisition d'image a semi-conducteurs pendant
ledit second mode de fonctionnement de
lecture ;

un moyen de détection (63) destiné a effectuer
une détection prédéterminée sur ledit signal
d’'image lu a partir desdits éléments d’acquisi-
tion d’image a semi-conducteurs durant ledit
premier mode de fonctionnement de lecture et
a effectuer une détection prédéterminée sur le-
dit signal d’image lu a partir dudit moyen de mé-
morisation temporaire durant ledit second mode
de fonctionnement de lecture ;

un microprocesseur destiné a recevoir des don-
nées détectées par le moyen de détection et,
dans le premier mode de fonctionnement de lec-
ture, a déterminer des coefficients a partir des
données détectées par le moyen de détection
dans le premier mode de fonctionnement de lec-
ture, et, dans le second mode de fonctionne-
ment de lecture, a déterminer des coefficients a
partir des données détectées par le moyen de
détection dans le premier mode de fonctionne-
ment de lecture et dans le second mode de fonc-
tionnement de lecture ;

un moyen de traitement de signal (64) destiné
a effectuer un traitement prédéterminé de signal
pour corriger la qualité d’image sur ledit signal
d’'image lu a partir desdits éléments de d’acqui-
sition d'image a semi-conducteurs durant ledit
premier mode de fonctionnement de lecture en
utilisant les coefficients déterminés par le micro-
processeur dans ledit premier mode de fonction-
nement de lecture, et sur ledit signal d’'image lu
a partir dudit moyen de mémorisation temporai-
re durant ledit second mode de fonctionnement
de lecture en utilisant les coefficients détermi-
nés par le microprocesseur dans ledit second
mode de fonctionnement de lecture ; et

un moyen de commande de lecture (66) desting,
durant ledit second mode de fonctionnement de
lecture, a lire le signal d'image mémorisé dans
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ledit moyen de mémorisation temporaire durant
ledit second mode de fonctionnement de lecture
et a fournir le signal d’image audit moyen de
détection, et ensuite, alire a nouveau ledit signal
d’'image mémorisé et a fournir le signal d’image
audit moyen de traitement de signal.

Appareil de prise de vue selon la revendication 1,
dans lequel ledit moyen de commande de lecture lit
ledit signal d'image mémorisé dans ledit moyen de
mémorisation temporaire en éliminant des pixels de
maniére a correspondre a la lecture a partir desdits
éléments d’acquisition d'image a semi-conducteurs
durant ledit premier mode de fonctionnement de lec-
ture, et délivre le signal d’'image audit moyen de dé-
tection.

Appareil de prise de vue selon la revendication 1,
dans lequel lesdits éléments d’acquisition d’'image a
semi-conducteurs comprennent un premier moyen
d’addition de signaux destiné a additionner des si-
gnaux d’une pluralité de pixels dans les lignes de la
méme couleur dans la direction verticale et a les lire
pendant ledit premier mode de fonctionnement de
lecture, et

dans lequel ledit moyen de commande de lecture
comprend un second moyen d’addition de signaux
(66a) destiné a additionner des signaux pour les
pixels correspondant audit premier moyen d’addition
de signaux audit signal d'image lu a partir dudit
moyen de mémorisation temporaire durant ledit pre-
mier mode de fonctionnement de lecture et a délivrer
les signaux audit moyen de détection.

Appareil de prise de vue selon la revendication 1,
dans lequel leditmoyen de traitement de signal ajus-
te I'équilibrage des blancs sur ledit signal d’'image
d’entrée en utilisant les coefficients déterminés par
le microprocesseur.

Appareil de prise de vue selon la revendication 1,
dans lequel ledit moyen de traitement de signal ef-
fectue un traitement d’élimination par décalage sur
ledit signal d’entrée en utilisant les coefficients dé-
terminés par le microprocesseur.

Appareil de prise de vue selon la revendication 1,
dans lequel ledit moyen de traitement de signal ef-
fectue un ajustement de gain sur ledit signal d'image
d’entrée en utilisant des coefficients déterminés par
le microprocesseur.

Procédé de prise de vue pour prendre une image
d’un sujet en utilisant des éléments d’acquisition
d’'image a semi-conducteurs (3), ledit procédé com-
prenant les étapes consistant :

a effectuer une détection prédéterminée sur un
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signal d'image qui est lu a partir desdits élé-
ments d’acquisition d’'image a semi-conduc-
teurs dans un premier mode de fonctionnement
de lecture dans lequel ledit signal d'image ac-
quis par lesdits éléments d’acquisition d'image
a semi-conducteurs est lu en éliminant des
pixels ;

a déterminer des coefficients a partir des don-
nées détectées par la détection prédéterminée
effectuée surle signald’image ludans le premier
mode de fonctionnement de lecture ;

a effectuer un traitement prédéterminé de signal
pour corriger la qualité d’image sur ledit signal
d’image lu dans le premier mode de fonctionne-
ment de lecture en utilisant les coefficients ;

a mémoriser temporairement un signal d'image
fixe lu a partir desdits éléments d’acquisition
d’image a semi-conducteurs lorsque lesdits élé-
ments d’acquisition d’'image a semi-conduc-
teurs passent a un second mode de fonctionne-
ment de lecture sans élimination desdits pixels ;
alire ledit signal d’image mémorisé et a effectuer
sur lui une détection supplémentaire
prédéterminée ;

a déterminer des coefficients supplémentaires
a partir des données détectées par la détection
prédéterminée effectuée sur le signal d’'image
lu dans le premier mode de fonctionnement de
lecture et des données détectées par la détec-
tion supplémentaire prédéterminée effectuée
sur le signal d’'image lu dans le second mode de
fonctionnement de lecture ; et

a lire a nouveau ledit signal d'image mémorisé
et a effectuer un traitement supplémentaire pré-
déterminé de signal pour correction de la qualité
d’'image sur ledit signal d'image lu a nouveau en
utilisant les coefficients supplémentaires.

Procédé de prise de vue selon la revendication 7,
dans lequel, durant ledit second mode de fonction-
nement de lecture, lorsque ledit signal d'image qui
est mémorisée temporairement doit étre lu et que
ladite détection supplémentaire prédéterminée est
a effectuer sur celui-ci, ledit signal d'image est lu en
éliminant des pixels de maniére a correspondre a la
lecture a partir desdits éléments d’acquisition d'ima-
ge a semi-conducteurs durant ledit premier mode de
fonctionnement de lecture.
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