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[57) ABSTRACT

An apparatus for recording/reproducing an image,
includes a unit for switching between an image signal
read from an image sensor in units of pixels and a repro-
duction signal from a recording medium, an A/D con-
verter for converting the image signal from the switch-
ing unit into a digital signal, a one-frame solid-state
memory for storing the digital image signal, and a pro-
cessing unit for processing the digital image signal. The
processing unit is switched in photographic and repro-
duction modes to process the image signal stored in the
solid-state memory in different operation modes,
thereby performing excellent signal processing even if
the image signals stored in the solid-state memory have
different formats in the photographic and reproduction
modes.

24 Claims, 7 Drawing Sheets
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IMAGE RECORDING REPRODUCING
APPARATUS SWITCHING IMAGE SENSOR
SIGNALS OR REPRODUCED SIGNALS TO AN
A/D CONVERTER

This application is a continuation of application Ser.
No. 07/515,235 filed Apr. 27, 1990. now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus for
imaging, recording, and reproducing a still image.

2. Description of the Related Art

An electronic still camera which can cause an image
sensor to convert an object image into an electrical
image signal, can record this image signal in a recording
medium, and which has a reproduction circuit, has bee
developed in place of a conventional optical camera
using a silver chloride film.

A conventional example of a still camera of this type
is shown in FIG. 8.

In this conventional electronic still camera, an object
is imaged through a lens 100 and a shutter 101, and an
optical image is guided to an image sensor 102 and is
converted therein into a charge image. The charge
signal is read in synchronism with a sync signal gener-
ated by a sync signal generator (85SG) 122 under the
control of an image sensor drive circuit 102-1. A motor
112 is controlled by a servo circuit 113 in synchronism
with the sync signal from the SSG 122. Upon comple-
tion of rotation control, a sync completion signal is
supplied to a system controller 123. The system control-
ler 123 supplies a read command to the SSG and the
image sensor drive circuit in response to the sync com-
pletion signal in order to read image data.

R, G, and B analog data of the read pixels are ampli-
fied by an amplifier 103, and the amplified signals are
converted into a luminance signal and chrominance
signals (color difference signals in this case) by a matrix
circuit 104. The chrominance signals are switched by a
switch 130 in units of horizontal lines by a switching
signal from the SSG 122 so as to be converted into line
sequential signals of a still image format. The switched
chrominance signals are supplied to a low-pass filter
106. The luminance signal Y is added to a sync (horizon-
tal/vertical) sync signal from the SSG 122 by an adder
105-1, and luminance signal components except for the
modulation band are eliminated by a low-pass filter 105.
The chrominance line sequential signal wave is modu-
lated by a modulator 108 and added to the modulated
wave of the luminance signal by an adder 107-1, so that
modulated waves of the chrominance signals are fre-
quency-multiplied, and an output from the adder 107-1
is amplified to an optimal recording level by an ampli-
fier 109.

The signal output from the amplifier 109 is supplied
to a recording head 130 through a switch 135 and is
concentrically recorded in a recording medium 131.
Reference numeral 110 denotes a carrier for radially
moving the recording head 130. The above operations
include the image sensing process to the recording pro-
cess.

To reproduce recorded signals, the head 130 is
moved to a recorded track by the head carrier 110, and
an image signal recorded by the magnetic head 130 is
converted into an electrical signal. The electrical signal
is supplied to a reproduction amplifier 115 through the
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switch 135. The signal is then supplied to a band-pass
filter 116 and a low-pass filter 117. Outputs from the
filters 116 and 117 are input to FM demodulators 118
and 119, respectively. Outputs from the FM demodula-
tors 118 and 119 serve as baseband signals for the lumi-
nance and chrominance signals, respectively. The servo
circuit 113 compares the phase of a reference signal
from the SSG 122 with that of an FG signal from a
motor and generates an error signal. The motor 112 is
rotated at a speed corresponding to the reproduction
signal by using the error signal from the servo circuit
113. As described above, the reproduction image is
stabilized, and the chrominance signals are line sequen-
tial signals and are synchronized by a line sync circuit
consisting of a switch 136 and a line sense circuit 137.
The chrominance signals and the luminance signal are
converted into an NTSC signal by an NTSC encoder.

In the circuit arrangement described above, the
motor 112 must be quickly rotated and stabilized until it
is synchronized with the reference signal from the SSG
122 during a time interval from depression of a release
button 138 for photography to depression of a shutter
button 139. A motor having excellent rise characteris-
tics must be used. When the motor quickly rises, instan-
taneous power consumption is increased, and a battery
capacity must be large. In the conventional circuit ar-
rangement, power consumption is large when the line
sync circuit is operated in the reproduction mode and a
skew compensator is operated in the field reproduction
mode since —h delay lines are used. In addition, in a
reproduction image monitor mode, the motor must
always be rotated further increasing the power con-
sumption. A reproduction time is shortened when a
battery capacity is small as compared with a recording
camera without any reproduction function, thus posing
a significant problem.

SUMMARY OF THE INVENTION

It is a primary object of the present invention to pro-
vide an image recording apparatus which can solve the
conventional problems described above.

It is another object of the present invention to pro-
vide an image recording/reproducing apparatus capa-
ble of various data processing operations with a simple
arrangement.

It is still another object of the present invention to
provide an image recording/reproducing apparatus
which can receive external inputs and generate external
outputs.

In order to achieve the above objects according to an
aspect of the present invention, there is provided an
apparatus for recording/reproducing an image, com-
prising means for switching between an image signal
read from an image sensor in units of pixels and a repro-
duction signal from a recording medium, an A/D con-
verter for converting the image signal from the switch-
ing means into a digital signal, a one-frame solid-state
memory for storing the digital image signal, and means
for operating the digital image signal, wherein the oper-
ating means is switched in photographic and reproduc-
tion modes to process the image signal stored in the
solid-state memory in different operation modes,
thereby performing excellent signal processing even if
the image signals stored in the solid-state memory have
different formats in the photographic and reproduction
modes.

It is still another object of the present invention to
provide an image recording apparatus capable of per-
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forming image processing by using a one-frame solid-
state memory in both the photographic and recording
modes at high speed.

The above and other objects, features, and advan-
tages of the present invention will be apparent from the
following detailed description of the preferred embodi-
ment in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are a block diagram showing an
arrangement according to an embodiment of the present
invention;

FIG. 2 is a block diagram showing the CCD pixel
layout and a reading circuit used in the embodiment
shown in FIG. 1;

FIG. 3 is a graph showing FM frequency deviations
when a signal is recorded in a magnetic disk of the
embodiment shown in FIG. 1;

FIG. 4 is a view showing the way of fetching of CCD
pixel data in a frame memory;

FIG. § is a view showing a storage state of reproduc-
tion image signals from a magnetic disk in a frame mem-
ory;

FIG. 6 is a graph showing chrominance line sequen-
tial signals:

FIG. 7 is a view showing a method for converting
image data in the memory into chrominance line se-
quential signals; and

FIG. 8 is a block diagram showing an arrangement of
a camera having reproduction function as a related art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

According to an embodiment of the present inven-
tion, an analog image signal stored in an image sensor
such as a CCD is directly converted into a digital image
signal by an A/D converter, and the digital image signal
is stored in a frame memory. The digital image signal is
then filtered by an image processing IC at high speed.
Even if a one-frame storage section is not available in
the CCD, or a mechanical shutter is not arranged, a
frame image can be photographed. In the reproduction
mode, a stable image can be reproduced for a long
period of time.

FIG. 1 is a block diagram showing characteristic
features of the present invention.

FIG. 2 is a view showing the layout of CCD pixels
used in the present invention.

Referring to FIG. 1, an apparatus for recording/re-
producing an image includes a lens 1 for focusing a
photographed image on a CCD surface, a shutter 2, an
aperture 3, a CCD 4, a reading circuit 5 for reading
charges from pixels of the CCD 4, A/D converters 6
and 7, and a frame memory 8. A high speed processing
unit 9 converts pixel data stored in the frame memory 8
into an output image signal and comprises an arithmetic
unit such as a DSP (Digital Signal Processor) and a
ROM for storing permanent programs. The apparatus
for recording/reproducing the image also includes
three channel D/A converters 10, 11, and 12, three
channel low-pass filters (LPFs) 16, 17, and 18, FM
modulators 19 and 20, an NTSC encoder 36, an output
terminal 60, an external monitor 62, an adder 39, a re-
cording amplifier 21, a carrier 22 having a mechanical
structure for moving a magnetic head 23, a PG sense
coil 24, a motor 26 for rotating a recording medium 25
such as a disk at a constant speed, a motor servo circuit
27. a memory controller 13, a reference signal generator
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(SSG) 15, and a system controller 14. The system con-
troller 14 controls a state of the apparatus in accordance
with various contro! signals from a switch box 54. The
apparatus further includes a reproduction amplifier 28,
a band-pass filter 29 for outputting a luminance signal, a
low-pass filter 30 for outputting chrominance signals,
FM demodulators 31 and 32, a sync separation circuit
33, an NTSC decoder 35, and a chrominance level con-
verter 34. The chrominance level converter 34 also has
a function of converting the input R-Y and B-Y signals
(i.e., color difference signals) into a line sequential signal
R-Y/B-Y.

A switch 50 is set at the A position in the photo-
graphic mode and at the B position in an external input
mode.

A switch 51 is set at the C position in the photo-
graphic mode or a recording mode for recording an
image fetched in the memory 8 in the magnetic record-
ing medium 25, and at the D position in the reproduc-
tion mode for reproducing an image signal from the
recording medium 25.

A switch 83 is used to switch between an external
image input and a reproduction signal from the record-
ing medium 25.

The switch box 54 is used to externally control a
camera operation.

The apparatus has the output terminal 60 connected
to an external monitor, an external input video terminal
61, the external monitor 62, an IC card connector 63 for
outputting data from the high speed processing unit 9 to
an external device, and an IC card 64.

DESCRIPTION OF OPERATION

In operation, the camera is directed to an object (not
shown) and a two-step release button is slightly de-
pressed to the first-step position. The system controller
14 starts supplying power to the CCD 4, the drive cir-

" cuit 8, the A/D converters 6 and 7, the SSG 15, the
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frame memory 8, the memory controller 13, the servo
circuit 27, and the disk motor 26. The SSG 15 supplies
the reference signal to the servo circuit 27 to rotate the
disk motor 26 at a constant speed, thereby phase-lock-
ing the servo circuit 27 with the PG signal from the disk
motor 26.

When the shutter button is depressed, the aperture 3
is opened to obtain an optimal exposure state. The CCD
4 converts light from the object into a charge signal for
a predetermined period of time and accumulates the
charge signal (electronic shutter). The pixel layout of
the CCD 4 is shown in FIG. 2. R, G, and B color filters
are adhered to the pixels in the row direction, as shown
in FIG. 2. The color components in the adjacent rows
are offset from each other by a § pixel pitch in the col-
umn direction, and pixels in the adjacent rows are offset
from each other by a } pixel in the row direction. The
charge signals of the pixel data of the CCD are swept
from a drain for sweeping out, so that the charge
amount becomes zero. Addresses of the CCD are desig-
nated by an address decoder for reading, and charges

-are accumulated until the accumulated charges are ex-

tracted from a horizontal transfer unit. This time inter-
val is defined as the shutter time of the electronic shut-
ter. The charges accumulated in the CCD 4 are trans-
ferred and read row by row to the horizontal transfer
unit and are supplied to the A/D converter 6. There-
fore, the charges are sequentially converted into digital
signals.
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The digital CCD pixel data are sequentially stored in
the frame memory 8, as shown in the layout of F1G. 4
and are kept stored until the magnetic disk 25 is rotated
at a constant speed. When the speed of the magnetic
disk 25 becomes constant, the servo circuit 27 sends a
servo lock signal to the system controller 14, thus indi-
cating that the speed is constant. The high speed pro-
cessing unit 9 starts conversion of object information
output from the CCD 4 and stored in the frame memory
8 into signals having a suitable recording format for the
magnetic disk 25. This processing scheme will be de-
scribed in detail below. As shown in FI1G. 7, signals of
a first field 1H are read, and then signals of a second field
2H are read in order, as indicated by, respectively, solid
and dotted lines in FIG. 7. More specifically, reading
continues in an order of R, G, B, R, G, B... regardless of
the pixel layout of the CCD. The processing unit 9
calculates the luminance signal Y=0.3R +0.6G+0.1B
and the signal R-Y/B-Y. Note that the signal R-Y/B-Y
represents a line sequential signal. It is possible to output
the line sequential data to the external IC card 64
through the IC card connector 63. By this arithmetic
operation, the digital luminance signal Y and the line
sequential signal R-Y/B-Y are calculated in synchro-
nism with a clock signal from the SSG 15. The outputs
from the high speed processing unit 9 are supplied to the
D/A converters 10, 11, and 12 and are converted into
analog signals. At this time, the conversion frequency of
the D/A converter is determined in accordance with a
band which allows recording on the magnetic disk. The
bandwidth of the luminance signal Y is limited by the
low-pass filter 17, and the bandwidths of the signals B-Y
and R-Y are limited by the low-pass filters 16 and 18,
respectively. The band-limited luminance signal Y is
added to the sync signal from the SSG 15 by an adder
38, and a signal Y + S is FM-modulated. The signal R-Y
is also modulated in a similar path. The center frequen-
cies in modulation of the luminance signal and the color
difference signals (chrominance signal) are defined, as
shown in FIG. 3. The outputs from the modulators 19
and 20 are added by the adder 39, and a frequency-mul-
tiplexed output from the adder 39 is supplied to the
magnetic head 23 through the recording amplifier 21.
When a one-frame image is recorded, the head carrier
22 shifts the head 23 1o a radially inward position, and
the next photographic operation is performed. At this
time, when the release button has been depressed, the
motor 26 is kept rotated. However, when the release
button is released, the motor 26 is stopped, and the
CCD 4, the charge reading circuit §, the two channel
A/D converters 6 and 7, the frame memory 8, the high
speed processing unit 9, the D/A converters 10, 11, and
12, and the FM modulators 19 and 20 are powered off.
Although the high speed processing unit 9 outputs the
signals Y and R-Y/B-Y, another processing scheme
may be employed when the recording format of the
recording medium is changed. The present invention is
applicable to other recording formats.

Reproduction from Magnetic Disk

When the recording/reproduction selection switch is-

set at the reproduction position, the switch 51 is con-
nected to the D side to supply a reproduction signal
from the magnetic head 23 to the reproduction amplifier
28. The reproduction signal is separated into two sig-
nals, i.e., the luminance signal and the chrominance
signals by, respectively. the band-pass filter 29 and the
low-pass filter 30. The separated signals are demodu-
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6

lated into a baseband luminance signal and baseband
chrominance signals by the FM demodulated 31 and 32,
respectively. The switch 53 is operated 10 supply the
modulated signals to the A/D converters 6 and 7 when
a video input switch is kept OFF. The modulated lumi-
nance signal includes a sync signal, and the sync signal
is separated into vertical and horizontal sync signals by
the sync separation circuit 33. The vertical and horizon-
tal sync signals are supplied to the SSG 15 and the
memory controller 13. The FG signal from the motor
26 is supplied to the servo circuit 27, and the phase of
the FG signal is compared with that of the reference
signal from the SSG 15. An output from the servo cir-
cuit 27 is used to rotate the magnetic disk 25 at a con-
stant speed. When the motor 26 is accurately rotated, a
servo lock signal is output to the system controller 14 to
indicate accurate rotation of the motor 26. The system
controller 14 supplies an instruction to the SSG 15 to
cause it to generate a timing signal for fetching the
A/D-converted data in the frame memory 8. The mem-
ory controller 13 supplies A/D conversion timing sig-
nals to the A/D converters 6 and 7 in synchronism with
vertical and horizontal sync signals V and H supplied
from the sync separation circuit 33 and supplies a write
address signal to the frame memory 8 during the active
period of a control signal from the SSG 15. While one-
frame data is fetched in the frame memory 8, outputs
from the D/A converters 10, 11, and 12 are muted.

The chrominance signals supplied to the A/D con-
verter 7 have different DC levels. The high speed pro-
cessing unit 9 detects a DC level difference during data
fetching and determines whether the input signal is R-Y
or B-Y. FIG. 6 shows waveform level differences of this
signal. Referring to FIG. 6, & signal represented by
“input” is an output from the amplifier 28, and a signal
represented by the “chrominance signal” is an output
from the FM demodulator 32. When data fetching in
the frame memory 8 is completed, the SSG 15 supplies
an operation timing clock to the high speed processing
unit 9.

A format of an image signal written in the frame
memory is different from that of a signal accumulated in
the photographic mode. In the photographic mode,
CCD pixel data are directly written in the original or-
der. However, in the recording mode of the frame mem-
ory, the luminance and chrominance signals are inde-
pendently written, as shown in FIG. §.

The high speed processing circuit 9 processes lumi-
nance digital data and the chrominance line sequential
digital data, both of which are written in the frame
memory 8. The luminance signal y is output to the D/A
converter 11, and the chrominance signals R-Y and B-Y
are input to the D/A converters 10 and 12, respectively.
The D/A converters 10, 11, and 12 determine D/A
conversion timings in accordance with clock signals
from the high speed processing unit 9. In this embodi-
ment, these three channel D/A converters use the same
clock. However, independent clock signals having dif-
ferent frequencies corresponding to the bandwidths of
the D/A converters may be used. The analog lumi-
nance signal and the analog chrominance signals are
converted into a video signal by the NTSC (PAL1)
encoder 36. The video signal can be observed as an
image on the monitor 62 through the output terminal
60.
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Recording of External Input Signal on Magnetic Disk

When the external input switch is selected. the system
controller 14 sets the switch 50 to the B side and con-
nects the switch 53 to the video input side. An input
video signal is converted into a luminance + sync signal
(Y +8) and color sensor simultaneous signals (R-Y and
B-Y) by the NTSC decoder 35. This luminance signal is
supplied to the sync separation circuit 33 and separated
from the sync signal by the sync separation circuit 33.
Meanwhile, the levels of the chrominance signals are
changed by the chrominance level converter 34, as
shown in FIG. 6, and the signals R-Y and B-Y are alter-
nately output every horizontal period H. The A/D
converters 6 and 7 convert the input analog signals into
digital signals as describe above in Reproduction from
Magnetic Disk.

In this state, when the release button is depressed, the
A/D converters 6 and 7, the memory controller 13, and
the frame memory 8 are powered. Upon depression of
the shutter button (fetching button), the memory con-
troller 13 supplies the A/D conversion clock signals to
the A/D converters 6 and 7 and outputs the digital
image signal from the A/D converters, a write signal,
and an address signal to the frame memory. The format
of the image signal written in the frame memory is
different from that in the photographic mode. Although
the CCD pixel data are written in the original order in
the photographic mode, the luminance and chromi-
nance signals are independently written in the frame
memory, as shown in FIG. 5.

In this embodiment, the A/D converters 6 and 7, the
high speed processing unit 9, and the D/A converters
10, 11, and 12 are constituted by independent blocks.
However, these components may be constituted by a
single IC developed by the recent integration tech-
niques. In addition, according to this embodiment, the
recording medium is exemplified by a magnetic disk.
The same effect as described above can be obtained
even if an optomagnetic disk, an IC card, or a magnetic
tape is used.

According to this embodiment as has been described
above, the A/D converters, the frame memory, the
D/A converters, and the high speed processing unit are
arranged in a still camera, and different processing oper-
ations of data from the frame memory are performed in
the recording and reproduction modes, thereby obtain-
ing the following effects.

1. An clectronic shutter for one frame can be pro-
vided. Frame photography can be performed by using a
CCD having a small chip size.

2. Even if a one-frame image is recorded in the mag-
netic disk, an in-line head is not required, and an inex-
pensive bulk head can be used to record or reproduce a
frame image.

3. Since a reproduction image from the memory can
be output to a monitor, a reproduction image can be
stabilized.

4. Power consumption in the reproduction mode can
be reduced.

5. A battery size can be reduced.

In the above embodiment, the A/D converters for
A/D-converting image data from the CCD 4 are used
as the A/D converters for processing the luminance
signal in the external input mode or the reproduction
mode. Therefore, the present invention is suitable for
processing of high-frequency signals.
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As described above, according to the present inven-
tion, there is provided a compact, high-speed apparatus
for recording/reproducing an image with low power
consumption.

What is claimed is:

1. An apparatus for recording/reproducing an image,
comprising:

a) a color image sensor for converting radiation from

an object into a color image signal;

b) means for reproducing a color signal recorded in a
medium from the medium to which a signal corre-
sponding to the color image is to be recorded;

c) an A/D converter;

d) means for selectively supplying an output from
said image sensor or an output from said reproduc-
ing means to said A/D converter;

e) means for inputting a normalized image signal from
an external device; and

f) means for converting the normalized image signal
into a signal having the same format as that of the
signal reproduced from the medium.

2. An apparatus according to claim 1, wherein said

medium comprises a disk-like medium.

3. An apparatus according to claim 1, wherein the
normalized image signal is an image signal complying
with NTSC standards.

4. An apparatus according to claim 1, wherein the
same format is of a line sequential signal.

§. An apparatus according to claim 1, further com-
prising memory means for storing a one picture digital
signal converted by said A/D converter.

6. An apparatus according to claim 2, further com-
prising means for repeatedly reading the image signal
from said memory means and supplying the image sig-
nal to a monitor.

7. An apparatus according to claim 1, further com-
prising means for outputting to an external device a
signal according to digital data A/D converted by said
A/D converter.

8. An apparatus according to claim 7, wherein said
external device comprises an IC card memory.

9. An apparatus for recording/reproducing an image,
comprising:

a) means for switching between a color image signal
read from an image sensor and a reproduction sig-
nal from a recording medium;

b) an A/D converter for converting the color image
signal from said switching means into a digital
image signal;

c) a static memory for storing the digital image signal
of at least one picture;

d) color processing means for performing digital
color processing of the digital image signal; and

e) control means for switching said processing means
between image picking up and reproduction
modes.

10. An apparatus according to claim 9, wherein said

image sensor comprises a color image sensor.

11. An apparatus according to claim 9, wherein said
control means switches said processing means in re-
sponse to a switching operation of said switching
means.

12. An apparatus according to claim 9, wherein said
processing means comprises means for calculating a Y
signal and a line sequential R-Y/B-Y signal from given
signals in the image picking up mode.

13. An apparatus according to claim 9, wherein said
processing means comprises means for calculating a Y
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signal and a line sequential R-Y/B-Y signal from given
signals in the reproduction mode.

14. An apparatus according to claim 9, wherein said
recording medium comprises a disk-like medium.

15. An apparatus according to claim 9, further com-
prising:

means for outputting to an external device a signal
according to digital data A/D converted by said
A/D converter.

16. An apparatus according to claim 15, wherein said

external device comprises an IC card memory.

17. An apparatus for recording/reproducing an
image comprising:

a) means for switching between an image signal read
from an image sensor and a reproduction signal
from a recording medium;

b) a static image memory for storing one-picture of
digital image signals;

c) color processing means for performing digital
color processing of the one-picture digital image
signal stored by said static image memory; and

d) control means for controlling the digital color
processing of said processing means in accordance
with said switching means.

18. An apparatus according to claim 17, wherein said

image sensor comprises a color image sensor.

19. An apparatus according to claim 17, wherein said
processing means comprises means for calculating a Y
signal and a line sequential R-Y/B-Y signal from given
signals in an image picking up mode.
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20. An apparatus according to claim 17, wherein said
processing means comprises means for calculating a Y
signal and a line sequential R-Y/B-Y signal from given
signals in a reproduction mode.

21. An apparatus according to claim 17, wherein said

recording medium comprises a disk-like medium.

22. An apparatus according to claim 17, further com-

prising:

an A/D converter for digitizing signals output by the
image sensor; and

means for outputting to an external device a signal
corresponding to digital data A/D converted by
said A/D converter.

23. An apparatus according to claim 22, wherein said

external device comprises an IC card memory.

24. An apparatus for recording/reproducing an im-

age, comprising:

a) an image sensor for converting radiation from an
object into an image signal;

b) means for reproducing a signal recorded in a me-
dium from the medium to which a signal corre-
sponding to the image is to be recorded;

¢) an A/D converter;

d) means for selectively supplying an output from
said image sensor or an output from said reproduc-
ing means to said A/D converter;

) means for inputting a normalized image signal from
an external device; and

f) means for converting the normalized image signal
into a signal having the same format as that of the

signal reproduced from said medium.
] * * * *
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