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(54) IMAGE PICK-UP DEVICE AND SYNCHRONIZATION-SIGNAL-GENERATING DEVICE

(57) An image signal generation portion 11 gener-
ates an image signal of a variable frame-rate picked-up
image. A signal generation control portion 24 drives the
image signal generation portion 11 and generates image
pick-up setting information IF to generate an image signal
that is frame-synchronized with a generated image signal
DVd. The generated image signal DVd is output in con-
dition where the image pick-up setting information IF is
inserted in it. When supplied with image pick-up setting
information IFex, the signal generation control portion 24

controls the driving operations of the image signal gen-
eration portion 11 based on the image pick-up setting
information IFex, to frame-synchronize the generated im-
age signal with an image signal of a reference variable
frame-rate picked-up image of a source that has supplied
the image pick-up setting information IFex. If a plurality
of image pick-up devices capable of varying a frame rate
is used, the image signals can be frame-synchronized
with each other.
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Description

Technical Field

[0001] The present invention relates to an image pick-
up device and a synchronization-signal-generating de-
vice. More specifically, it relates to supplying an image
pick-up device with image pick-up setting information
from any other image pick-up device or a synchroniza-
tion-signal-generating device, to drive image signal gen-
eration means which generates an image signal of a
picked-up image with variable frame rate based on this
image pick-up setting information, thereby causing the
image signal generation means to generate a frame-syn-
chronized image signal even if a frame rate of the picked-
up image with variable frame rate is varied.

Background Art

[0002] In conventional filmmaking etc., to obtain spe-
cial video effects, scenes have been shot in condition
where a shooting speed of a film camera, that is, the
number of frames per second has been varied. For ex-
ample, if a scene is shot at a higher speed than an ordi-
nary one and reproduced at the ordinary speed, repro-
duced images are slowly seen. Therefore, fast motion of,
for example, a water droplet falling into water can be ob-
served easily and in detail. If a scene is shot at a lower
speed than the ordinary one and reproduced at the ordi-
nary speed, on the other hand, reproduced images can
be fast seen. It is thus possible to enhance a sense of
speed in a fight scene, a car chase scene, etc., thereby
presenting images with an enhanced sense of reality.
[0003] Further, in TV program making etc., while an
attempt has been made to digitize processing of shoot-
ing, editing, delivery, etc. of a program, an attempt has
also been made to digitize processing in filmmaking etc.
as fueled by an increase in image quality and a decrease
in costs caused by progress in digital technologies.
[0004] It is noted that if images are to be picked up
using an image pick-up device (video camera) due to
digitization of TV program, filmmaking, etc., an image
pick-up device described in Jpn. Pat. Appln. KOKAI Pub-
lication No. 2000-125210 and supposed to be capable
of frame rate varying is used so that special video effects
such as fast reproduction and slow reproduction can be
obtained easily. By using this image pick-up device to
pick up images at a lower speed than a predetermined
frame rate and reproduce them at the predetermined
frame rate, fast motion of the reproduced images can be
obtained easily. By picking up the images at a higher
frame rate and reproducing them at the predetermined
frame rate, on the other hand, slow motion of the repro-
duced images can be obtained easily.
[0005] In a case where a plurality of image pick-up de-
vices each capable of varying a frame rate thereof is used
to pick up images of a target in different directions, by
synchronizing the frames of image signals obtained by

these image pick-up devices with each other, it is possible
to obtain a fast motion reproduction image or a slow mo-
tion reproduction image that has the same speed and
has been picked up in the plurality of directions. For ex-
ample, if the target is shot at a higher frame rate and
reproduced at a predetermined frame rate, it is possible
to obtain a slow motion reproduction image picked up in
different directions in which the target moves at the same
speed. Therefore, by synchronizing the frames of the im-
age signals obtained by the image pick-up devices with
each other, it is possible to facilitate subsequent editing
processing. However, if the frame rates of the image pick-
up devices are varied during image pick-up, it is almost
impossible to synchronize the frames of the image pick-
up devices through user operations.

Disclosure of the Invention

[0006] An image pick-up device according to the in-
vention comprises image signal generation means for
generating an image signal of a variable frame-rate
picked-up image, drive-and-control means for driving
and controlling the image signal generation means, set-
ting information generation means for generating image
pick-up setting information to generate an image signal
which is frame-synchronized with the image signal gen-
erated by the image signal generation means, and output
means for outputting the image signal generated by the
image signal generation means and the image pick-up
setting information.
[0007] Another image pick-up device related to the
present invention comprises image signal generation
means for generating an image signal of a variable frame-
rate picked-up image, and drive-and-control means for
receiving image pick-up setting information to generate
an image signal that is frame-synchronized with the im-
age signal of a reference variable frame-rate picked-up
image, and controlling a driving operation of the image
signal generation means based on this image pick-up
setting information, thereby frame-synchronizing the im-
age signal generated by the image signal generation
means with the image signal of the reference variable
frame-rate picked-up image.
[0008] Further, a synchronization-signal-generating
device according to the invention supplies a synchroni-
zation signal to an image pick-up device having image
signal generation means for generating an image signal
of a variable frame-rate picked-up image, the device
comprising setting information generation means for
generating image pick-up setting information which is
used to frame-synchronize the image signal generated
by the image signal generation means of the image pick-
up device with a reference frame, synchronization signal
generation means for generating the synchronization sig-
nal that corresponds to the reference frame, synchroni-
zation signal output means for outputting the generated
synchronization signal with the generated image pick-up
setting information being inserted thereinto, and control
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means for setting the reference frame.
[0009] In the present invention, the drive-and-control
means drives and controls the image signal generation
means that generates an image signal of a variable
frame-rate picked-up image. Further, the setting informa-
tion generation means generates image pick-up informa-
tion for generating an image signal, which is frame-syn-
chronized with this generated image signal. The gener-
ated image signal is output from the output means with
this image pick-up setting information being inserted into,
for example, a blanking interval of the generated image
signal. Further, if the image pick-up setting information
includes frame rate information, a frame rate indicated
by the frame rate information contained in the image pick-
up setting information is set as a frame rate of the variable
frame-rate picked-up image, starting from its frame that
is given first after this image pick-up setting information
is output, thereby generating the image signal. Further,
when a frame rate is instructed according to a read frame
rate alteration pattern to vary the frame rate of a variable
frame-rate picked-up image, information indicating the
read frame rate alteration pattern is contained in the im-
age pick-up setting information and also the instructed
frame rate is set as the frame rate of the variable frame-
rate picked-up image, starting from its frame that is given
first after the image pick-up setting information is output,
thus generating the image signal. Furthermore, if a plu-
rality of frame rate instruction means is equipped for in-
structing a frame rate of a variable frame-rate picked-up
image, priority sequence is set to the plurality of frame
rate instruction means, so that when more than one frame
rate instruction is carried out, frame rate instructed by
the frame rate instruction means having the highest pri-
ority is set as the frame rate of the variable frame-rate
picked-up image.
[0010] When the image pick-up setting information is
input, based on this image pick-up setting information,
the driving operation of image signal generation means
is controlled so that the generated image signal can be
frame-synchronized with an image signal of the reference
variable frame-rate picked-up image. If this image pick-
up setting information contains frame rate information
that indicates a frame rate of the reference variable
frame-rate picked-up image, a frame rate indicated by
the frame rate information contained in the input image
pick-up setting information is set as a frame rate of the
variable frame-rate picked-up image, starting from its
frame which is given first after the image pick-up setting
information is input, thus generating the image signal.
Further, if the image pick-up setting information includes
information for reading a frame rate alteration pattern, a
frame rate instructed on the basis of the frame rate alter-
ation pattern is set as the frame rate of the variable frame-
rate picked-up image, starting from its frame which is
given first after the image pick-up setting information is
input, thus generating the image signal. Furthermore, if
priority sequence is set to a frame rate instructed by the
frame rate instruction means and a frame rate based on

the image pick-up setting information and when more
than one frame rate instruction is carried out, a frame
rate instructed by the frame rate instruction means having
the highest priority is set as the frame rate of the variable
frame-rate picked-up image, thus generating the image
signal.
[0011] Further, in the synchronization-signal-generat-
ing device, image pick-up setting information is generat-
ed for frame-synchronizing the image signal generated
by the image pick-up device with the reference frame and
a synchronization signal corresponding to the reference
frame is generated, so that the generated synchroniza-
tion signal is output with the image pick-up setting infor-
mation being inserted into, for example, a blanking inter-
val of the synchronization signal.

Brief Description of the Drawings

[0012]

FIG. 1A is a diagram for showing a configuration of
an image pick-up system;
FIG. 1B is a diagram for showing a configuration of
another image pick-up system;
FIG. 2 is a diagram for showing a configuration of an
image pick-up device;
FIG. 3 is a diagram for showing a relationship of an
image pick-up frame rate and the number of add
frames with respect to a variable frame rate;
FIG. 4A is a diagram for explaining a CDR scheme;
FIG. 4B is a diagram for explaining the CDR scheme;
FIG. 4C is a diagram for explaining the CDR scheme;
FIG. 5 is a diagram for showing a configuration of a
signal generation control portion;
FIG. 6A is a diagram for showing one example of a
count value of a counter;
FIG. 6B is a diagram for showing another example
of the count value of a counter;
FIG. 6C is a diagram for showing further example of
the count value of a counter;
FIG. 6D is a diagram for showing still further example
of the count value of a counter;
FIG. 6E is a diagram for showing additional example
of the count value of each counter;
FIG. 7A is a diagram for explaining an operation of
generating an image signal in a picked-up image with
variable frame-rate;
FIG. 7B is a diagram for explaining the operation of
generating the image signal in the picked-up image
with variable frame-rate;
FIG. 7C is a diagram for explaining the operation of
generating the image signal in the picked-up image
with variable frame-rate;
FIG. 7D is a diagram for explaining the operation of
generating the image signal in the picked-up image
with variable frame-rate;
FIG. 7E is a diagram for explaining the operation of
generating the image signal in the picked-up image
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with variable frame-rate;
FIG. 7F is a diagram for explaining the operation of
generating the image signal in the picked-up image
with variable frame-rate;
FIG. 8A is a diagram for showing operations of the
image pick-up devices of a master side and a slave
side;
FIG. 8B is a diagram for showing the operations of
the image pick-up devices of the master side and
the slave side;
FIG. 8C is a diagram for showing the operations of
the image pick-up devices of the master side and
the slave side;
FIG. 8D is a diagram for showing the operations of
the image pick-up devices of the master side and
the slave side;
FIG. 8E is a diagram for showing the operations of
the image pick-up devices of the master side and
the slave side;
FIG. 8F is a diagram for showing the operations of
the image pick-up devices of the master side and
the slave side;
FIG. 8G is a diagram for showing the operations of
the image pick-up devices of a master side and a
slave side;
FIG. 8H is a diagram for showing the operations of
the image pick-up devices of the master side and
the slave side;
FIG. 8I is a diagram for showing the operations of
the image pick-up devices of the master side and
the slave side;
FIG. 8J is a diagram for showing the operations of
the image pick-up devices of the master side and
the slave side;
FIG. 8K is a diagram for showing the operations of
the image pick-up devices of the master side and
the slave side;
FIG. 8L is a diagram for showing the operations of
the image pick-up devices of the master side and
the slave side;
FIG. 8M is a diagram for showing the operations of
the image pick-up devices of the master side and
the slave side;
FIG. 8N is a diagram for showing the operations of
the image pick-up devices of the master side and
the slave side;
FIG. 9A is a diagram for showing image pick-up set-
ting information;
FIG. 9B is a diagram for showing the image pick-up
setting information;
FIG. 9C is a diagram for showing the image pick-up
setting information;
FIG. 9D is a diagram for showing the image pick-up
setting information;
FIG. 10 is a diagram for showing a count width of an
H counter;
FIG. 11 is a diagram for explaining priority sequence
of variable frame rate setting instructions; and

FIG. 12 is a diagram for showing a configuration of
a synchronization-signal-generating device.

Best Mode for Carrying out the Invention

[0013] The following will describe one embodiment of
the present invention with reference to drawings. FIGS.
1A and 1B each shows a configuration of an image pick-
up system that can use a plurality of image pick-up de-
vices each capable of varying a frame rate thereof, to
frame-synchronize image signals generated by these im-
age pick-up devices with each other, FIG. 1A of which
shows a case where the system is constituted of a plu-
rality of image pick-up devices 10 only and FIG. 1B of
which shows a case where it is constituted of a synchro-
nization-signal-generating device 50 and the plurality of
image pick-up devices 10.
[0014] If no synchronization-signal-generating device
50 is used, the image pick-up devices 10 are connected
as shown in FIG. 1A, one of which is set as a master side
image pick-up device so that image signals generated
by the slave-side image pick-up devices may be frame-
synchronized with an image signal generated by this
master-side image pick-up device. If the synchronization-
signal-generating device 50 is used, on the other hand,
the image pick-up devices 10 are connected to the syn-
chronization-signal-generating device 50 as shown in
FIG. 1B, so that this synchronization-signal-generating
device 50 may frame-synchronize the image signals gen-
erated by the image pick-up devices 10.
[0015] FIG. 2 shows a configuration of the image pick-
up device 10. On an image pick-up surface of an image
pick-up element (not shown) that constitutes an image
pick-up portion 111 in an image signal generation portion
11, an image of a subject is formed on the basis of light
which is made incident upon the surface through an im-
age pick-up lens (not shown). The image pick-up element
generates image pick-up charge for the image of subject
through photoelectric transfer and reads the image pick-
up charge based on a drive-and-control signal RC out of
a later-described drive portion 117 to convert it into a
voltage signal. Furthermore, it supplies this voltage signal
as an image picked-up signal Spa to a pre-amplification
portion 112.
[0016] The pre-amplification portion 112 amplifies the
picked-up image signal Spa and then performs process-
ing to remove its noise component, for example, corre-
lated dual sampling. Furthermore, it converts the noise-
removed image signal into a digital signal to perform feed-
back clamp processing on it, thereby generating an im-
age signal having a desired magnitude at a stable black
level. Furthermore, it performs flare correction to correct
a signal level of the image signal in accordance with a
flare quantity. Further, the pre-amplification portion 112
performs correction-processing etc. on a defect of the
image pick-up element. The processing by this pre-am-
plification portion 112 is performed on the basis of a syn-
chronization signal SYe supplied from the drive portion

5 6 



EP 3 151 540 A1

5

5

10

15

20

25

30

35

40

45

50

55

117, to supply a post-processing image signal DVa to-
gether with a synchronization signal for this image signal
DVa, to a preprocessing portion 113. It is to be noted
that, also at the preprocessing portion 113 as well as
later-described frame-addition-processing portion 114,
main-line-picture-processing portion 115, and monitor-
picture-processing portion 116, their processing is per-
formed on the basis of each synchronization signal (not
shown) which is supplied together with each image sig-
nal, and each post-processing image signal together with
each synchronization signal for the image signal are sup-
plied to their following processing portions.
[0017] The preprocessing portion 113 uses the image
signal DVa to perform signal processing operations, for
example, white balance adjustment, gain correction,
white shading correction, etc. An image signal DVb ob-
tained by this preprocessing portion 113 is supplied to
the frame-addition-processing portion 114. The signal
processing operation to be performed at the preprocess-
ing portion 113 is set on the basis of a control signal CTa
supplied from an operation control portion 30, which will
be described later. Further, when the signal processing
operation is changed by using the control signal CTa from
the operation control portion 30, using a decision signal
DF supplied from a later-described signal generation
control portion 24, this change is reflected after a frame
addition period ends at the frame-addition-processing
portion 114.
The frame-addition-processing portion 114 performs
frame addition processing on the image signal DVb to
vary a frame rate of the image signal DVb. This frame
addition processing can be performed using a random
access memory (RAM) . For example, to perform 3-frame
addition, a first frame of the image signal DVb is stored
in an RAM-1, the signal stored in which is read and added
to a second frame of the image signal DVb and stored in
an RAM-2. The sum signal stored in this RAM-2 is read
and added to a third frame of the image signal DVb and
stored in an RAM-3. The signal stored in this RAM-3 thus
makes a sum of the three frames of the image signal
DVb, so that by reading this signal and multiplying its
signal level by (1/3), a required signal level is obtained.
Further, a fourth frame of the image signal DVb is stored
in the RAM-1, the signal stored in which is read and added
to a fifth frame of the image signal DVb and stored in the
RAM-2. The sum signal stored in the RAM-2 is read and
added to a sixth frame of the image signal DVb and stored
in the RAM-3. The signal stored in this RAM-3 thus makes
a sum of the three frames of the image signal DVb, so
that by reading this signal and multiplying its signal level
by (1/3), a required signal level is obtained. Similarly,
subsequent three frames of the image signal DVb are
added up to sequentially generate an image signal DVc
having a required signal level.
[0018] It is to be noted that the frame addition process-
ing can be performed also using a frame delay circuit.
For example, the first frame of the image signal DVb is
delayed by two-frame period through the frame delay cir-

cuit and the second frame of the image signal DVb is
delayed by one frame period through the frame delay
circuit. These delayed first frame of the image signal and
second frame of the image signal DVb are added to the
third frame of the image signal DVb to obtain a sum of
the three frame of the image signal DVb, a signal level
of which is multiplied by (1/3) as described above to ob-
tain an image signal DVc having a required signal level
and an original frame rate multiplied by (1/3).
[0019] By thus performing the frame addition process-
ing, for example, if a frame rate of the image signal DVb
is "60P" (where the numeral indicates the number of
frames per second and P stands for progressive signal,
which holds true also with the other cases) and the
number of added frames is two, an image signal having
a frame rate of "30P" can be obtained. If the number of
added frames is four, an image signal having a frame
rate of "15P" can be obtained.
[0020] Furthermore, not only by switching the number
of added frames but also by controlling signal reading
from the image pick-up element so that the frame rate of
the picked-up image signal Spa can vary, the frame rate
of the image signal DVc can be varied continuously.
[0021] The image signal DVc of a variable frame-rate
picked-up image obtained at the frame-addition-process-
ing portion 114 is supplied to the main-line-picture-
processing portion 115 and the monitor-picture-process-
ing portion 116.
[0022] The main-line-picture-processing portion 115
performs process treatment such as γ correction (gamma
correction), profile compensation processing, and Knee
correction, on the image signal DVc supplied from the
frame-addition-processing portion 114. An image signal
DVd obtained by performing the processing at this main-
line-picture-processing portion 115 is supplied to a main
line picture output portion 15.
[0023] The monitor-picture-processing portion 116
performs process treatment in accordance with an image
display device connected for confirmation of picked-up
images. For example, if an image is displayed using a
cathode ray tube or a liquid crystal display element for
confirmation of picked-up images, it performs process
treatment in accordance with γ characteristics, gray-
scale display characteristics, etc. of the cathode ray tube
or the liquid crystal display element. An image signal DVe
obtained by performing the processing at this monitor-
picture-processing portion 116 is supplied to a monitor
picture output portion 16. It is to be noted that process
treatment operations by the main-line-picture-process-
ing portion 115 and the monitor-picture-processing por-
tion 116 are controlled on the basis of a control signal
CTb from the operation control portion 30.
[0024] The main line picture output portion 15 converts
the supplied image signal DVd into a signal that matches
recording equipment etc. connected to this image pick-
up device 10 and outputs it as a signal CAM. For example,
if equipment that uses a component signal or a composite
signal is connected to the pick-up device, it outputs the
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image signal DVd as a signal CAM that matches respec-
tive pieces of equipment. Further, if the image signal is
transmitted via a serial digital interface etc. which is
standardized as SMPTE259M or SMPTE292M, it gen-
erates a transmission signal in accordance with the in-
terface standard on the basis of the image signal DVd
and outputs it as the signal CAM. Further, if supplied with
image pick-up setting information IF from a signal gen-
eration control portion 24, which will be described later,
this image pick-up setting information IF is output with it
being inserted into the signal CAM. For example, the im-
age pick-up setting information IF is output with it being
inserted into a blanking interval of the signal CAM. Fur-
thermore, the main line picture output portion 15 supplies
a synchronization signal SYout for the image signal DVd
to a phase comparison portion 22 and the signal gener-
ation control portion 24.
[0025] The monitor picture output portion 16 converts
the supplied image signal DVe into a signal MNT that
matches an image display device for confirmation of
picked-up images and outputs it. For example, if the im-
age display device uses an analog signal, it converts the
image signal DVe into an analog signal, which is then
output as a signal MNT.
[0026] It is to be noted that by changing over a frame
rate (hereinafter referred to as "image pick-up frame
rate") FRp of the image picked-up signal Spa generated
by the image pick-up portion 111 and the number of add-
ed frames FA by the frame-addition-processing portion
114, it is possible to continuously vary a frame rate (here-
inafter referred to as "variable frame rate") FRc of a var-
iable frame-rate picked-up image. For example, as
shown in FIG. 3, to set the variable frame rate FRc into
a range of "60P≥FRc>30P", the number of added frames
FA can be set to "1" and the image pick-up frame rate
FRp can be equalized to the variable frame rate FRc. To
set the variable frame rate FRc into a range of
"30P≥FRc>20P", the number of added frames FA can
be set to "2" and the image pick-up frame rate FRp can
be set to double the variable frame rate FRc. To set the
variable frame rate FRc into a range of "20P≥FRc>15P",
the number of added frames FA can be set to "3" and
the image pick-up frame rate FRp can be set to triple the
variable frame rate FRc. By similarly changing over the
image pick-up frame rate FRp and the number of added
frames FA, it is possible to obtain a desired frame rate
of the image signal of a variable frame-rate picked-up
image.
[0027] To vary the frame rate of the image picked-up
signal Spa, controlling a charge accumulation period and
an image pick-up charge read timing, etc. at the image
pick-up element using the drive-and-control signal RC
supplied from the drive portion 117 to the image pick-up
portion 111 allows the image picked-up signal Spa with
the varied frame rate to be obtained. Furthermore, by
varying the image pick-up frame rate FRp by adjusting a
length of horizontal or vertical blanking interval on the
assumption that the common data rate scheme (CDR:

common sampling frequency scheme) is used, it is pos-
sible to generate such an image picked-up signal Spa
that an image size in a valid screen period does not
change even if the image pick-up frame rate FRp is var-
ied. Further, by using the CDR scheme, it becomes un-
necessary to vary an operating frequency of each of the
components that use the image pick-up frame rate FRp
in accordance with the image pick-up frame rate FRp,
thereby simplifying the configuration thereof.
[0028] According to the CDR scheme, by adjusting a
length of the horizontal blanking interval as shown in FIG.
4B or adjusting a length of the vertical blanking interval
as shown in FIG. 4C with respect to such an image signal
that the blanking interval and the valid screen periods
are set as shown in FIG. 4A, it is possible to generate
the image picked-up signal Spa having the varied image
pick-up frame rate FRp without changing any image size
in the valid screen periods.
[0029] A synchronization-separating-processing por-
tion 21 shown in FIG. 2, when supplied with an image
signal of a reference variable frame-rate picked-up image
having a synchronization signal SYref which corre-
sponds to the reference frame from the synchronization-
signal-generating device 50 or a synchronization signal
SYref from any other image pick-up devices 10, sepa-
rates a horizontal synchronization signal HDref from the
synchronization signal SYref and supplies it to the phase
comparison portion 22. Furthermore, if the supplied sig-
nal contains image pick-up setting information IFex, it
extracts the image pick-up setting information IFex and
supplies the information to the signal generation control
portion 24 and the operation control portion 30. Further-
more, it generates an information latch signal LCifex for
latching a count value contained in the image pick-up
setting information IFex. This image pick-up setting in-
formation IFex is used to frame-synchronize an image
signal generated by the image pick-up device that is sup-
plied with the image pick-up setting information IFex with
an image signal of a reference variable frame-rate
picked-up image generated by the image pick-up device
which supplies the image pick-up setting information IFex
or a reference frame set by the synchronization-signal-
generating device 50.
[0030] The phase comparison portion 22 determines
a difference in phase between a horizontal synchroniza-
tion signal HDout contained in the synchronization signal
SYout supplied from the main line picture output portion
15 and the horizontal synchronization signal HDref sup-
plied from the synchronization-separating-processing
portion 21, to control a frequency of an oscillated signal
MC generated by a voltage-controlled oscillator (VCO)
23 so that this phase difference may be nil. It is to be
noted that if the horizontal synchronization signal HDref
is not supplied from the synchronization-separating-
processing portion 21, the VCO 23 is permitted to run for
itself.
[0031] The signal generation control portion 24, which
serves as drive-and-control means and setting informa-
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tion generation means, uses the oscillated signal MC
generated by the VCO 23, to count based on counter
setting information STc supplied from the operation con-
trol portion 30. It further utilizes a count result to generate
a timing signal PT and a synchronization signal SYd for
driving the image pick-up portion 111 and supply them
to the drive portion 117. It is to be noted that if the syn-
chronization signal SYref is supplied, it is possible to gen-
erate the synchronization signal SYd in such a manner
that it may go ahead of the synchronization signal SYref
by as much as a difference in phase between the syn-
chronization signals SYout and SYd, thereby synchro-
nizing the synchronization signal SYout with the synchro-
nization signal SYref.
[0032] Furthermore, the signal generation control por-
tion 24 generates a pulse signal CRW for controlling, for
example, writing of an image signal to and reading of it
from the RAM so that the frame-addition-processing por-
tion 114 can add the image signal DVb as much as the
number of added frames in order to obtain the image
signal DVc. Further, when frame addition processing is
performed in the frame-addition-processing portion 114,
it generates such a decision signal DF as to indicate a
relevant frame addition period and supplies the signal to
the preprocessing portion 113.
[0033] By thus generating the timing signal PT and the
synchronization signal SYd and supplying them to the
drive portion 117 and also generating the pulse signal
CRW and supplying it to the frame-addition-processing
portion 114, the frame rate FRp of the image picked-up
signal Spa and the frame addition processing are con-
trolled so that an image signal of the variable frame-rate
picked-up image generated by the image signal gener-
ation portion 11 may have a frame rate set by the oper-
ation control portion 30.
[0034] Further, if the image pick-up device is set as a
master side one, the signal generation control portion 24
uses an image signal of a variable frame-rate picked-up
image generated by this master side image pick-up de-
vice as an image signal of a reference variable frame-
rate picked-up image to generate the image pick-up set-
ting information IF for causing a slave side image pick-
up device to generate an image signal which is frame-
synchronized with this image signal and supply this im-
age pick-up setting information IF to the main line picture
output portion 15. This image pick-up setting information
IF is generated by using a count value obtained through
counting and frame rate setting information SFR supplied
from the operation control portion 30.
[0035] If the image pick-up device is set as a slave side
image pick-up device and the image pick-up setting in-
formation IFex is supplied from a master side image pick-
up device, on the other hand, the timing signal PT, the
pulse signal CRW, etc. are generated on the basis of this
image pick-up setting information IFex to cause the main
line picture output portion 15 to output an image signal
which is frame-synchronized with an image signal of a
reference variable frame-rate picked-up image generat-

ed by the master side image pick-up device.
[0036] FIG. 5 shows a configuration of the signal gen-
eration control portion. The counter setting information
STc supplied from the operation control portion 30 is sup-
plied to a counter setting latch portion 241. The frame
rate setting information SFR supplied from the operation
control portion 30, on the other hand, is supplied to an
image pick-up setting information latch portion 248.
[0037] The counter setting latch portion 241 latches
the counter setting information STc based on a setting
latch signal LCa supplied from a latch signal generation
portion 247, which will be described later. To this counter
setting latch portion 241, an H counter 242, a V counter
243, an added frame counter 244, an image pick-up
frame counter 245, and an output frame counter 246 are
connected. The counter setting information STc is com-
prised of setting information that sets a count width of
each of the counters, to set each counter’s count width
based on the latched counter setting information STc.
[0038] The H counter 242 counts the number of hori-
zontal pixels based on the oscillated signal MC supplied
from the VCO23 and supplies a count value Hct to the
image pick-up setting information latch portion 248 and
a pulse signal generation portion 249. Further, the H
counter 242 has its count width set to the number of hor-
izontal pixels for one horizontal scan period based on the
counter setting information STc and, upon completion of
counting of the horizontal pixels for one horizontal scan
period, resets the count value Hct and supplies the V
counter 243 with a signal HP indicating that the one hor-
izontal scan period has ended.
[0039] The V counter 243 counts the number of scan
lines by using the signal HP and supplies a count value
Vct to the image pick-up setting information latch portion
248 and the pulse signal generation portion 249. Further,
the V counter 243 has its count width set to the number
of scan lines for one frame period based on the counter
setting information STc and, upon completion of counting
of the scan lines for one frame period, resets the count
value Vct and supplies a signal VP indicating that the one
frame period has ended, to the added frame counter 244,
the image pick-up frame counter 245, and the latch signal
generation portion 247.
[0040] The added frame counter 244 counts the
number of image picked-up frames by using the signal
VP and supplies a count value Fmct to the image pick-
up setting information latch portion 248 and the pulse
signal generation portion 249. Further, the added frame
counter 244 has its count width set to the number of add-
ed frames based on the counter setting information STc
and, upon completion of counting of frames for the
number of added frames FA, resets the count value Fmct
and supplies a signal FMP indicating that the one addition
period has ended, to the output frame counter 246 and
the latch signal generation portion 247.
[0041] The image pick-up frame counter 245 counts
image picked-up frames by using the signal VP. The im-
age pick-up frame counter 245 has its count width set to
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a value of the image pick-up frame rate FRp based on
the counter setting information STc and, upon completion
of counting of frames for the image pick-up frame rate
FRp, resets the count value Fpct and supplies the output
frame counter 246 with a signal FPP indicating that a
period for the image pick-up frame rate FRp has ended.
[0042] The output frame counter 246 counts the
number of times the addition period has been encoun-
tered by using the signal FMP and, when it has decided
on the basis of the signal FPP that a period for the image
pick-up frame rate FRp has ended, resets the count val-
ues and outputs a count reset signal RES that resets the
count values of the other counters.
[0043] The latch signal generation portion 247, based
on the signals VP and FMP and at timing when frames
for one addition period end, generates the setting latch
signal LCa that causes the counter setting latch portion
241 to latch the counter setting information STc.
[0044] The image pick-up setting information latch por-
tion 248 generates an information latch signal LCif (not
shown) and, at latch timing indicated by this information
latch signal LCif, latches the count values Hct, Vct, and
Fmct and the frame rate setting information SFR and
supplies them as the image pick-up setting information
IF in a predetermined format to the main line picture out-
put portion 15. For example, the information latch infor-
mation LCif is generated with respect to the synchroni-
zation signal SYout, to generate the image pick-up set-
ting information IF and supply it to the main line picture
output portion 15 so that the image pick-up setting infor-
mation IF may be inserted to a predetermined position
in the blanking interval. By thus determining the insertion
position of the image pick-up setting information IF, the
image pick-up setting information IF can be easily ex-
tracted from the signal CAM.
[0045] The pulse signal generation portion 249 gener-
ates the timing signal PT, the synchronization signal SYd,
the pulse signal CRW, and the decision signal DF based
on the count values Hct, Vct, and Fmct and the oscillated
signal MC.
[0046] A count latch portion 250, when supplied with
the image pick-up setting information IFex from the syn-
chronization-separating-processing portion 21, latches
count values Hctex and Vctex contained in the image
pick-up setting information IFex and resets a count value
of the H counter 242 and that of the V counter 243 to the
count values Hctex and Vctex, respectively. This count
latch portion 250 latches them at timing of inserting the
image pick-up setting information IFex to the position,
based on the information latch signal LCifex.
[0047] Further, if the timing when the count values Hct
and Vct are latched so that the master side image pick-
up device may generate the image pick-up setting infor-
mation IF does not agree with the timing when the slave
side image pick-up device resets the H counter 242 and
the V counter 243 to the count values Hctex and Vctex,
respectively, that is, if these timings do not agree because
of a lapse of time required by formatting or decoding of

the image pick-up setting information IF, count values
Hexct and Vexct are offset by as much as a difference
in timing phase and supplied to the H counter 242 and
the V counter 243, respectively. Thus, offsetting the count
values Hexct and Vexct by as much as the difference in
timing phase allows the H counter 242 and the V counter
243 of the slave side image pick-up device to be syn-
chronized with the H counter 242 and the V counter 243
of the master side image pick-up device.
[0048] FIGS. 6A-6E each show one example of a count
value of each counter in the signal generation control
portion. If the variable frame rate FRc is set to "18P", the
number of added frames FA is "3" and the image pick-
up frame rate FRp is "54P" as shown in FIG. 3. Therefore,
the count value Fpct repeats itself in a range of "0-53",
the count value Fmct repeats itself in a range of "0-2"
and a count value Rct repeats itself in a range of "0-17".
Further, if the number of pixels per line is 2200 and the
number of scan lines is 1125, the count value Vct repeats
itself in a range of "0-1124". Furthermore, when the length
of a horizontal blanking interval is adjusted in accordance
with the CDR scheme, the count value Hct repeats itself
in a range of "0-2439", which is larger than the number
of pixels, so that the image pick-up frame rate FRp may
be "54P".
[0049] The drive portion 117 shown in FIG. 2 generates
the drive-and-control signal RC for driving the image pick-
up element and supplies it to the image pick-up portion
111 based on the synchronization signal SYd thus sup-
plied. Further, driving the image pick-up element based
on the timing signal PT in accordance with the CDR
scheme allows the frame rate of the image picked-up
signal Spa to vary. Furthermore, the synchronization sig-
nal SYe for the image picked-up signal Spa is generated
and supplied to the pre-amplification portion 112.
[0050] To the operation control portion 30, a user in-
terface portion 31 is connected. When supplied with an
operation signal PSa in accordance with a user operation
through this user interface portion 31, the operation con-
trol portion 30 generates the control signals CTa and CTb
based on this operation signal PSa, to control operations
of the preprocessing portion 113, the main-line-picture-
processing portion 115, and the monitor-picture-process-
ing portion 116. Further, it supplies the counter setting
information STc to the signal generation control portion
24 to control counting so that the image signal DVc having
a desired frame rate may be generated. Furthermore, it
supplies the frame rate setting information SFR to the
signal generation control portion 24. Further, when sup-
plied with the image pick-up setting information IFex from
the synchronization-separating-processing portion 21, it
generates the counter setting information STc based on
this image pick-up setting information IFex.
[0051] Further, the image pick-up device 10 can insert
the image pick-up setting information IFex supplied to
itself into a blanking interval of the signal CAM and supply
it to the subsequent-stage image pick-up device or supply
the synchronization signal SYref supplied to itself to the
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subsequent-stage image pick-up device, thereby easily
generating such an image signal as to have been frame-
synchronized among the image pick-up devices even if
the plurality of image pick-up devices is connected in a
daisy chain.
[0052] Next, the following will describe operations for
generating an image signal of a variable frame-rate
picked-up image in the image pick-up device. FIGS. 7A-
7F show a case where the frame-addition-processing
portion 114 performs frame addition processing by using
RAM-1 through RAM-3, an adder, etc. For example, if
the variable frame rate FRc is "18P", the variable frame
rate FRp is "54P" and the number of added frames FA
is "3" from FIG. 3. It is to be noted that FIG. 7A shows a
frame of the image signal DVb, FIG. 7B shows an oper-
ation of RAM-1 in the frame-addition-processing portion
114, FIG. 7C shows an operation of RAM-2 therein, FIG.
7D shows an operation of RAM-3 therein, and FIG. 7E
shows a frame of the image signal DVc.
[0053] At time point t1, when frame "0f" of the image
signal DVb starts, the frame-addition-processing portion
114 sets, for example, RAM-1 as a write RAM and stores
the image signal DVa of frame "0f" in the write RAM.
[0054] At time point t2, when a frame of the image sig-
nal DVc starts, three frames of the image signal are not
completely added up yet, so that the image signal DVc
is rendered as a blank frame.
[0055] At time point t3, when frame "0f" of the image
signal DVb ends and frame "1f" starts, RAM-1 where the
image signal of frame "0f" is stored is specified as an
internal read RAM and the write RAM is changed over
from RAM-1 to, for example, RAM-2. Furthermore, the
signal stored in the internal read RAM, that is, the signal
of frame "0f" stored in RAM-1 is read and added to the
image signal DVa of frame "1f" by the adder and stored
in RAM-2, which is the write RAM.
[0056] At time point t4, when frame "1f" of the image
signal DVb ends and frame "2f" starts, to generate a
three-frame addition signal, RAM-2 in which the sum sig-
nal of frames "0f" and "1f" is written is specified as the
internal read RAM. Further, the write RAM is changed
over from RAM-2 to, for example, RAM-3. Furthermore,
the signal stored in the internal read RAM, that is, the
signal stored in RAM-2 is read and added to the image
signal DVb of frame "2f" by the adder and stored in the
RAM-3, which is the write RAM.
[0057] At time point t5, when frame "2f" of the image
signal DVb ends and frame "3f" starts, the three-frame
addition signal obtained by adding up three frames of the
image signal DVb is generated completely, so that the
RAM-3 in which this three-frame addition signal is stored
is specified as an external read RAM. Further, RAM-1 is
set as the write RAM, to store the image signal DVa of
frame "3f" in the write RAM.
[0058] When the three-frame addition signal is gener-
ated and then a frame of the image signal DVc is timed
to start, for example, at time point t6 when the frame of
the image signal DVc starts, the three-frame addition sig-

nal is read out of the external read RAM and has its signal
level multiplied by (1/3) and is output as the image signal
DVc. Further, the frame of the image signal DVc gener-
ated by reading the three-frame addition signal out of the
external read RAM is supposed to be indicated by an
identify signal DJ shown in FIG. 7F as a frame of a var-
iable frame-rate picked-up image. It is to be noted that if
the three-frame addition signal is not completely written
to the RAM yet or if the three-frame addition signal is
read completely but the next three-frame addition signal
cannot be read, no new frame of the new picked-up image
can be generated. In this case, by repeating a frame of
a picked-up image having a variable frame rate, a frame
(blank frame) having no image signal of the picked-up
image is avoided from being provided in the image signal
DVc. Further, this frame is made of a repeated frame of
the picked-up image with the variable frame rate and so
rendered invalid by the identify signal DJ. It is to be noted
that a blank frame, if any, is also rendered invalid. By
thus generating the identify signal DJ, it is possible to
decide a frame of a picked-up image having a variable
frame rate by using the identify signal DJ. That is, by
selecting an image signal of a frame decided valid by the
identify signal DJ, it is possible to select the image signal
of a variable frame-rate picked-up image.
[0059] Similarly, by using RAM-1 through RAM-3, the
adder, etc. to add up three frames of the image signal
DVb so that a three-frame addition signal may be gen-
erated and reading this three-frame addition signal at tim-
ing when a frame of the image signal DVc starts, it is
possible to obtain the image signal DVc in which a valid
frame is contained at the variable frame rate FRc. That
is, as shown in FIG. 7E, it is possible to generate the
image signal DVc that contains a frame which is valid at
a desired variable frame rate "18P", which is a recording
frame rate
e.g., "60P") corresponding to the device to which the sig-
nal CAM is supplied. It is to be noted that if a signal having
the signal level of the three-frame addition signal multi-
plied by (1/3) is stored in a memory and read at a frame
rate of 18P, of course it can be a signal having a frame
rate of 18P.
[0060] By reproducing a picked-up image having the
thus obtained variable frame rate FRc at a predetermined
reproduction frame rate, it is possible to easily obtain fast
reproduction images and slow reproduction images. For
example, if the reproduction frame rate is "24P" and when
the variable frame rate FRc is set to "24P" in image pick-
up, motion of a subject in a reproduced image has the
same speed as the physical subject. If the variable frame
rate FRc is set higher than "24P" in image pick-up, on
the other hand, the number of frames generated in a unit
time increases, so that the speed of the motion of the
subject in the reproduced image decreases. Further-
more, if the variable frame rate FRc is set lower than
"24P" in image pick-up, the number of frames generated
in a unit time decreases, so that the speed of the motion
of the subject in the reproduced image increases. By thus
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varying the variable frame rate FRc, it is possible to dis-
play the subject moving at speeds different from an actual
speed, thereby easily obtaining special video effects.
[0061] Next, the following will describe operations for
connecting a plurality of image pick-up devices to each
other to frame-synchronize image signals generated by
these image pick-up devices with each other. Of FIGS.
8A-8N, FIG. 8A-8G each show an operation of the master
side image pick-up device and FIGS. 8H-8N each show
an operation of the slave side image pick-up device.
[0062] FIG. 8A shows setting condition of the variable
frame rate FRc in the master side image pick-up device;
FIG. 8B shows the count value Vct; FIG. 8C shows the
count value Fmct; FIG. 8D shows the count value Fpct;
FIG. 8E shows the count value Rct; FIG. 8F shows the
setting latch signal Lca; and FIG. 8G shows the informa-
tion latch signal LCif for latching the image pick-up setting
information IF generated by the image pick-up setting
information latch portion 248. Further, FIG. 8H shows
setting condition of the variable frame rate FRc in the
slave side image pick-up device; FIG. 8I shows the in-
formation latch signal Lcifex; FIG. 8J shows the count
value Vct; FIG. 8K shows the count value Fmct; FIG. 8L
shows the count value Fpct; FIG. 8M shows the count
value Rct; and FIG. 8N shows the setting latch signal
LCa.
[0063] At time point t11, when the information latch sig-
nal LCif indicates a latch timing, the image pick-up setting
information latch portion 248 latches a count value from
the counter and the frame rate setting information SFR
from the operation control portion 30 and supplies this
latched information to the main line picture output portion
15 as the image pick-up setting information IF. The main
line picture output portion 15 inserts this image pick-up
setting information IF into the signal CAM and outputs it.
[0064] FIGS. 9A-9D show the image pick-up setting
information IF inserted into the signal CAM. It is to be
noted that if the image pick-up setting information IF is
large in amount, it is divided into a plurality of lines in a
vertical blanking interval and inserted as shown in FIG.
9A. For example, in a first line, the image pick-up frame
rate FRp and the count value Vct are inserted as shown
in FIG. 9B. In a second line, the count value Fmct and
the count value Hct are inserted as shown in FIG. 9C. In
a third line, the number of added frames FA is inserted
as shown in FIG. 9D. It is to be noted that to each piece
of the information, parity PA is added for error detection.
[0065] Furthermore, each of the lines is provided with
a flag EN indicating whether to validate or invalidate the
information. Further, the first line is provided with a
scheme decision flag P/I indicating which one of interlace
and progressive schemes is employed, an output set flag
OR indicating whether the signal CAM is constituted of
a signal with a frame rate of 60P into which an image
signal of a picked-up image in accordance with the var-
iable frame rate FRc is contained or of a signal with a
frame rate of 30P into which an image signal of a picked-
up image in accordance with the variable frame rate FRc

is contained (the output set flag OR may be arranged to
indicate whether the frame rate is 48P or 24P), pattern
operation information TR to which one or a plurality of
frame rate alternation patterns is (are) set beforehand so
that these set frame rate alteration patterns may be read
to vary the frame rate, etc. By providing such the infor-
mation, it is possible to easily change the frame rate au-
tomatically by using a variety of patterns. Alternatively,
the count value Fpct may be supplied from the image
pick-up frame counter 245 to the image pick-up setting
information latch portion 248, to contain the count value
Fpct in the image pick-up setting information IF as shown
in FIG. 9B. Further, if the image pick-up device capable
of switching a horizontal image size is used as a master
side image pick-up device and a slave side one, horizon-
tal image size information HW is to be contained in the
image pick-up setting information IF as shown in FIG.
9D. In this case, the horizontal image size of the slave
side image pick-up device can be matched with that of
the master side image pick-up device.
[0066] At time point t11 shown in FIGS. 8A-8N, the
slave side image pick-up device extracts the inserted im-
age pick-up setting information IF from the signal CAM
output from the master side image pick-up device by the
synchronization-separating-processing portion 21 and
supplied as the image pick-up setting information IFex
to the signal generation control portion 24 and the oper-
ation control portion 30. Further, based on a synchroni-
zation signal for the signal CAM, the information latch
signal LCifex for latching a count value contained in the
image pick-up setting information IFex is generated by
the synchronization-separating-processing portion 21
and supplied to the signal generation control portion 24.
[0067] The count latch portion 250 in the signal gen-
eration control portion 24 latches the count values Hctex
and Vctex contained in the image pick-up setting infor-
mation IFex, based on the information latch signal LCifex.
This latched count value Hctex is supplied to the H coun-
ter 242 to reset a count value of the H counter 242 to the
count value Hctex. The latched count value Vctex, on the
other hand, is supplied to the V counter 243 to reset a
count value of the V counter 243 to the count value Vctex.
It is to be noted that as described above, if there occurs
a difference in phase between timing when the count
values Hct and Vct are latched to generate the image
pick-up setting information IF at the master side image
pick-up device and timing when the H counter 242 and
the V counter 243 are reset to the count values Hctex
and Vctex, respectively, at the slave side image pick-up
device, the count values Hctex and Vctex are offset by
as much as this difference in phase. By thus offsetting
the count values Hctex and Vctex, it is possible to syn-
chronize the H counter 242 and the V counter 243 of the
master side image pick-up device and the slave side im-
age pick-up device. That is, it is possible to match frame
timing between the master side image pick-up device
and the slave side image pick-up device. It is to be noted
that if the count value Fpct is contained in the image pick-
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up setting information IF, image pick-up frame counter
245 also can be synchronized, so that it is possible to
match the number of picked-up image frames in the mas-
ter side image pick-up device and that in the slave side
image pick-up device with each other.
[0068] Next, at time point t12, when the variable frame
rate is set to "18P", as described above, the image pick-
up frame rate FRp is "54P" and the number of added
frames FA is "3". Therefore, the operation control portion
30 sets the count width of the added frame counter 244
to "3", the count width of the image pick-up frame counter
245 to"54", the count width of the output frame counter
246 to "18", and the image pick-up frame rate FRp to
"54P" by adjusting the length of the horizontal blanking
interval in accordance with the CDR scheme, so that it
generates the counter setting information STc that sets
the count width of the H counter 242 to "2440" and sup-
plies the information to the counter setting latch portion
241. It is to be noted that if the number of scan lines for
each frame interval is fixed, the count width of the H coun-
ter 242 is fixed to a value that corresponds to the number
of scan lines. Further, to vary the image pick-up frame
rate FRp by switching the number of scan lines or ad-
justing the length of the vertical blanking interval, the
counter setting information STc that sets the count width
of the V counter 243 in accordance with the number of
scan lines and the image pick-up frame rate is generated
and supplied to the counter setting latch portion 241. Fur-
ther, the frame rate setting information SFR that has the
image pick-up frame rate FRp and the number of added
frames FA when the variable frame rate FRc is set to
"18P" is supplied to the image pick-up setting information
latch portion 248.
[0069] It is to be noted that since the count widths of
the added frame counter 244, the image pick-up frame
counter 245, and the output frame counter 246 are based
on the variable frame rate FRc, the image pick-up frame
rate FRp, and the number of added frames FA as de-
scribed above, they can be determined easily when the
variable frame rate FRc is set. Further, since the count
width of the H counter 242 is determined in accordance
with the image pick-up frame rate FRp which is set by
adjusting the number of per-line pixels and the length of
the horizontal blanking interval through the CDR scheme,
it is possible to easily generate the counter setting infor-
mation STc by holding a table having a count width of
the H counter 242 with respect to the variable frame rate
FRc or the image pick-up frame rate FRp beforehand as
shown in FIG. 10 so that it may be read as required.
[0070] At time point t13, when the information latch sig-
nal LCif indicates a latch timing, similarly at time point
t11, the image pick-up setting information IF is inserted
into the signal CAM and output. This image pick-up set-
ting information IF is used to notify the slave side image
pick-up device that the variable frame rate FRc has been
set to "18P".
[0071] At time point t13, further, similarly at time point
t11, the slave side image pick-up device uses the syn-

chronization-separating-processing portion 21 to extract
the image pick-up setting information IFex from the signal
CAM output from the master side image pick-up device
and supplies it to the signal generation control portion 24
and the operation control portion 30. Further, it generates
the information latch signal LCifex based on the synchro-
nization signal for the signal CAM and supplies the signal
to the signal generation control portion 24 so that the H
counter 242 and the V counter 243 in the signal gener-
ation control portion 24 may be synchronized with the H
counter 242 and the V counter 243 in the master side
image pick-up device, respectively.
[0072] Furthermore, the operation control portion 30 in
the slave side image pick-up device, similar to the mater
side image pick-up device, generates the counter setting
information STc based on the image pick-up frame rate
FRp and the number of added frames FA contained in
the supplied image pick-up setting information IFex and
supplies it to the counter setting latch portion 241.
[0073] Then, at time point t14, when a frame addition
period ends in the master side image pick-up device and
the setting latch signal LCa is supplied from the latch
signal generation portion 247 in the signal generation
control portion 24 to the counter setting latch portion 241
therein, the counter setting information STc supplied from
the operation control portion 30 is latched. This latched
counter setting information STc is supplied to the H coun-
ter 242, the added frame counter 244, the image pick-up
frame counter 245, and the output frame counter 246, so
that the count width of each of the counters is set in ac-
cordance with the variable frame rate FRc. Therefore,
the count value Hvt of the H counter 242 repeats itself in
a range of "0-2439", the count value Fmct of the added
frame counter 244 repeats itself in a range of "0-2", the
count value Fpct of the image pick-up frame counter 245
repeats itself in a range of "0-53", and the count value
Rct of the output frame counter 246 repeats itself in a
range of "0-17", thus starting an operation to generate
the image signal with the variable frame rate FRc as set
to "18P". It is to be noted that the count value Hvt of the
V counter 243 refers to a count value of the scan lines
per frame.
Similarly, in the slave side image pick-up device also, at
time point t14, when a frame addition period ends and
the setting latch signal LCa is supplied from the latch
signal generation portion 247 in the signal generation
control portion 24 to the counter setting latch portion 241
therein, the counter setting information STc supplied from
the operation control portion 30 is latched. This latched
counter setting information STc is supplied to the H coun-
ter 242, the added frame counter 244, the image pick-up
frame counter 245, and the output frame counter 246, so
that the count width of each of the counters is set in ac-
cordance with the variable frame rate FRc. Therefore, as
in the case of the master side image pick-up device, the
count value Hvt of the H counter 242 repeats itself in a
range of "0-2439", the count value Fmct of the added
frame counter 244 repeats itself in a range of "0-2", the
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count value Fpct of the image pick-up frame counter 245
repeats itself in a range of "0-53", and the count value
Rct of the output frame counter 246 repeats itself in a
range of "0-17", thus starting an operation to generate
the image signal with the variable frame rate FRc as set
to "18P". It is to be noted that the count value Hvt of the
V counter 243 is the same as that for the master side
image pick-up device.
[0074] Next, at time point t15, when the variable frame
rate FRc is changed to "13P", this changed variable frame
rate FRc is posted from the master side image pick-up
device to the slave side image pick-up device at time
point t16. Further, at time point t17, when the frame ad-
dition period ends, the count width of each of the counters
is changed, so that an operation at this changed variable
frame rate FRc is started by both of the master side image
pick-up device and the slave side image pick-up device
simultaneously.
[0075] The image pick-up setting information IF is thus
supplied from the master side image pick-up device to
the slave side image pick-up device, so that operations
of the slave side image pick-up device are set on the
basis of this image pick-up setting information IF. There-
fore, an image signal of a variable frame-rate picked-up
image generated by the slave side image pick-up device
is frame-synchronized with an image signal of a refer-
ence variable frame-rate picked-up image generated by
the master side image pick-up device. Furthermore, even
if the variable frame rate varies, frame-synchronized con-
dition is maintained because this variation is synchro-
nously performed in the master side and slave side image
pick-up devices.
[0076] Further, if the scheme decision flag P/I indicat-
ing which one of interlace and progressive schemes is
employed is contained in the image pick-up setting infor-
mation IF, these schemes can be accommodated easily
by holding information such as the image pick-up frame
rate FRp, the number of added frames FA, and the count
width of the H counter for the variable frame rate in con-
dition with the information corresponding to each of the
schemes.
[0077] If the pattern operation information TR is con-
tained therein, on the other hand, the master side and
slave side image pick-up devices can automatically vary
the variable frame rate as synchronized therebetween,
thereby improving operability of the image pick-up devic-
es. In this case, the same frame rate alteration pattern
is held in the master side and slave side image pick-up
devices beforehand. For example, one or a plurality of
piece (s) of frame rate alteration pattern information each
for indicating the variable frame rate FRc which is set as
image pick-up time elapses is generated and held in the
operation control portion 30 or a memory (not shown) in
each of the master side and slave side image pick-up
devices. It is to be noted that by transferring frame rate
alteration pattern information to be used from the image
pick-up device that holds this information to the image
pick-up device that does not have it before image pick-

up starts, it is possible to hold the same frame rate alter-
ation pattern information in a plurality of image pick-up
devices that are connected.
[0078] If a held frame rate alteration pattern is read and
a frame rate is instructed in accordance with this read
frame rate alteration pattern to vary a frame rate of a
variable frame-rate picked-up image, the master side im-
age pick-up device outputs information that indicates the
read frame rate alteration pattern as the pattern operation
information TR with it being contained in the image pick-
up setting information IF. Furthermore, pieces of counter
setting information STc in accordance with variable frame
rates indicated by the frame rate alteration pattern are
sequentially generated and supplied to the counter set-
ting latch portion 241. The slave side image pick-up de-
vice, if pattern operation information TR is contained in
the image pick-up setting information IF, reads a frame
alteration pattern that corresponds to the pattern opera-
tion information TR, sequentially generates counter set-
ting information pieces STc in accordance with variable
frame rates indicated by this read frame rate alteration
pattern, and supplies them to the counter setting latch
portion 241. In this case, a frame rate indicated by the
frame alteration pattern is set as a frame rate of a variable
frame-rate picked-up image to drive the image signal
generation portion 11 starting from such a frame of the
variable frame-rate picked-up image as to be given first
after the image pick-up setting information IF is output
from the master side image pick-up device or starting
from such a frame of the variable frame-rate picked-up
image as to be given first after the image pick-up setting
information IF is input into the slave side image pick-up
device. Therefore, the variable frame rate FRc is
changed as synchronized between the master side and
slave side image pick-up devices, so that these devices
can generate such image signals that a frame rate of a
variable frame-rate picked-up image is automatically
changed in condition where their frames are synchro-
nized with each other.
It is to be noted that instruction to set a variable frame
rate FRc in the master side and slave side image pick-
up devices is not limited to a case where it is performed
on the basis of the above-described image pick-up set-
ting information IF but can be performed also by a menu
operation signal from an electronic viewfinder (EVF) 70,
a remote-control signal from a remote-control device 80,
a control signal from a camera control device 90, etc.
[0079] Therefore, the operation control portion 30 sets
priority sequence to instructions to set the variable frame
rate FRc so that the variable frame rate FRc may be set
in accordance with the priority sequence. For example,
it gives priority to the remote control-signal from the re-
mote-control device 80 over the menu operation signal
from the electronic viewfinder 70. Further, the image pick-
up setting information IF is given priority over the remote-
control signal. Furthermore, the control signal from the
camera control device 90 is given priority over the image
pick-up setting information IF. By thus allocating the pri-
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orities, the image pick-up devices can be operated prop-
erly even if the plurality of instructions to set the variable
frame rate FRc is given simultaneously.
[0080] Further, it may be arranged that if a setting in-
struction having higher priority has ended, a variable
frame rate FRc at the time of the ending is held or the
variable frame rate FRc is returned to condition before
the setting instruction having the higher priority is per-
formed. For example, if the image pick-up setting infor-
mation IF is supplied when the variable frame rate FRc
is being set by the menu operation signal from the elec-
tronic viewfinder 70, such a variable frame rate FRc as
to be indicated by the image pick-up setting information
IF is set. Then, when the supply of the image pick-up
setting information IF ends, a variable frame rate FRc at
the time of the ending of the supply is held. Alternatively,
it may be recovered to a variable frame rate FRc, which
has been set by the menu operation signal. In such a
manner, a variety of operations can be performed by con-
trolling the variable frame rate FRc.
[0081] Further, although the above embodiment has
been described with reference to a case where an image
signal of a variable frame-rate picked-up image generat-
ed by the slave side image pick-up device is frame-syn-
chronized with an image signal of a variable frame-rate
picked-up image generated by the master side image
pick-up device, the image signals generated by the image
pick-up devices 10 can be frame-synchronized with each
other by the synchronization-signal-generating device 50
as shown in FIG. 1B. In this case, the synchronization-
signal-generating device 50 inserts the image pick-up
setting information IF into a reference synchronization
signal SYref and supplies it to these image pick-up de-
vices 10.
[0082] FIG. 12 shows a configuration of the synchro-
nization-signal-generating device. It is to be noted that
components of FIG. 12 that correspond to those of FIG.
5 are indicated by the same reference symbols and de-
tailed description of them will be omitted. To a control
portion 51 a user interface portion 52 is connected, so
that the control portion 51 generates the counter setting
information STc and the frame rate setting information
SFR in accordance with a variable frame rate FRc indi-
cated by an operation signal PSb from a user interface.
It further supplies the generated counter setting informa-
tion STc to the counter setting latch portion 241 in a signal
generation control portion 24a, which serves as setting
information generation means and synchronization sig-
nal generation means. Further, it supplies the frame rate
setting information SFR to the image pick-up setting in-
formation latch portion 248.
[0083] An oscillation portion 53 generates the oscillat-
ed signal MC and supplies it to the H counter 242 and
the synchronization signal generation portion 251. The
synchronization signal generation portion 251 generates
a synchronization signal SYz based on a count value of
each counter and the oscillated signal MC to set a refer-
ence frame, which provides a reference for each of the

image pick-up devices 10. This generated synchroniza-
tion signal SYz is supplied to a synchronization signal
output portion 54. Further, the synchronization signal
generation portion 251 generates an information latch
signal LCz whose latch timing is an insertion position of
the image pick-up setting information IF which is set with
respect to the synchronization signal SYz and supplies
it to an image pick-up setting information latch portion
248a.
[0084] The image pick-up setting information latch por-
tion 248a latches the count values Hct, Vct, and Fmct
and the frame rate setting information SFR at latch timing
indicated by the information latch signal LCz and supplies
them to the synchronization signal output portion 54 as
the image pick-up setting information IF in a predeter-
mined format.
[0085] The synchronization signal output portion 54 in-
serts the image pick-up setting information IF into the
synchronization signal SYz supplied from the synchroni-
zation signal generation portion 251 and supplies the
synchronization signal SYref that corresponds to the ref-
erence frame to each of the image pick-up devices.
[0086] By thus supplying, from the synchronization-
signal-generating device 50, each of the image pick-up
devices with the synchronization signal SYref into which
the image pick-up setting information IF is inserted, the
same operation as the above-described slave side image
pick-up devices is performed at each of the image pick-
up devices, so that an image signal of a variable frame-
rate picked-up image which is frame-synchronized with
the reference frame can be output from each of the image
pick-up devices.
[0087] In such a manner, image signals of variable
frame-rate picked-up images can be generated by the
plurality of image pick-up devices in condition where they
are frame-synchronized with each other, so that by pick-
ing up images of a subject in different directions using a
plurality of image pick-up devices, it is possible to easily
obtain such a plurality of reproduced fast images or slow
images that the subject’s motions are synchronized with
each other and the images are picked up in the different
directions. Further, these image signals are frame-syn-
chronized with each other, thereby facilitating editing
processing.
[0088] According to the present invention, the device
comprises image signal generation means for generating
an image signal of a variable frame-rate picked-up image,
drive-and-control means for driving and controlling the
image signal generation means, setting information gen-
eration means for generating image pick-up setting in-
formation to generate an image signal which is frame-
synchronized with the image signal generated by the im-
age signal generation means, and output means for out-
putting the image signal generated by the image signal
generation means and the image pick-up setting infor-
mation. Therefore, controlling the generation of the im-
age signal based on the output image pick-up setting
information allows the image signal to be generated with
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this image signal being frame-synchronized with the im-
age signal into which the image pick-up setting informa-
tion is inserted.
[0089] Further, frame rate information is contained in
the image pick-up setting information, so that starting
from such a frame of a variable frame-rate picked-up im-
age as to be given first after this image pick-up setting
information is output, a frame rate indicated by the frame
rate information contained in this output image pick-up
setting information is set as a frame rate of the variable
frame-rate picked-up image, to drive the image signal
generation means. Therefore, it is possible to vary the
frame rate of a variable frame-rate picked-up image in
synchronization with the image pick-up device that is sup-
plied with the image pick-up setting information.
[0090] Further, containing, in image pick-up setting in-
formation, information of a scan line position and a pixel
position of an image signal to be generated allows the
scan line position and the pixel position of the image sig-
nal generated by the image pick-up device that is sup-
plied with the image pick-up setting information, to be
synchronized. Further, if holding means for holding a
frame rate alteration pattern is provided and when the
frame rate alteration pattern held in the holding means
is read and a frame rate that corresponds to this read
frame rate alteration pattern is instructed, to vary a frame
rate of a variable frame-rate picked-up image, informa-
tion indicating the read frame rate alteration pattern is
contained in the image pick-up setting information and,
starting from such a frame of a variable frame-rate
picked-up image as to be given first after this image pick-
up setting information is output, the instructed frame rate
is set as the frame rate of the variable frame-rate picked-
up image, to generate an image signal. It is thus possible
to change frame rates of image signals generated by the
image pick-up devices supplied with the image pick-up
setting information in condition where they are synchro-
nized with each other. Furthermore, the plurality of frame
rate instruction means for instructing a frame rate of a
variable frame-rate picked-up image and the operation
control means for setting priority sequence to the plurality
of frame rate instruction means to set a frame rate in-
structed by the frame rate instruction means that has the
highest priority as a frame rate of a variable frame-rate
picked-up image are provided so that image pick-up set-
ting information may be generated which is used to gen-
erate an image signal that is frame-synchronized with an
image signal having the set frame rate of the variable
frame-rate picked-up image, thereby properly setting a
frame rate of a variable frame-rate picked-up image and
generating image pick-up setting information in accord-
ance with priority sequence even if the plurality of frame
rate instructions is issued.
[0091] Furthermore, the image signal generation
means for generating an image signal of a variable frame-
rate picked-up image and the drive-and-control means
for receiving image pick-up setting information to gener-
ate an image signal that is frame-synchronized with an

image signal of a reference variable frame-rate picked-
up image, for controlling driving of the image signal gen-
eration means based on this image pick-up setting infor-
mation so that the image signal generated by the image
signal generation means may be frame-synchronized
with the image signal of the reference variable frame-rate
picked-up image are provided. It is thus possible to gen-
erate an image signal that is frame-synchronized with an
image signal of the reference variable frame-rate picked-
up image.
[0092] Further, if frame rate information indicating a
frame rate of a reference variable frame-rate picked-up
image is contained in image pick-up setting information,
starting from such a frame of a variable frame-rate
picked-up image as to be given first after this image pick-
up setting information is input, a frame rate indicated by
the frame rate information contained in this input image
pick-up setting information is set as a frame rate of the
variable frame-rate picked-up image, to generate an im-
age signal. It is thus possible to vary a frame rate of a
variable frame-rate picked-up image in synchronization
with the image pick-up device that has supplied the image
pick-up setting information.
[0093] Further, if the image pick-up setting information
contains information of a scan line position and a pixel
position, a generated image signal is synchronized with
these scan line position and pixel position. Therefore, it
is possible to synchronize the image signal generated by
the image pick-up device that has supplied the image
pick-up setting information, with the scan line position
and the pixel position. Furthermore, if the holding means
for holding frame rate alteration patterns is provided and
the image pick-up setting information contains informa-
tion which is used to read the frame rate alteration pat-
terns, a frame rate alteration pattern indicated by this
information is read and a frame rate is instructed in ac-
cordance with the read frame rate alteration pattern, so
that starting from such a frame of a variable frame-rate
picked-up image as to be given first after the image pick-
up setting information is input, the instructed frame rate
is set as a frame rate of a variable frame-rate picked-up
image, to generate an image signal. Therefore, it is pos-
sible to alter the frame rate in synchronization with the
image signal generated by the image pick-up device that
has supplied the image pick-up setting information. Fur-
ther, the frame rate instruction means for instructing a
frame rate of a variable frame-rate picked-up image and
the operation control means for setting priority sequence
to the frame rate instructed by the frame rate instruction
means and a frame rate based on the image pick-up set-
ting information so that the frame rate having higher pri-
ority may be set as a frame rate of a variable frame-rate
picked-up image are provided, to generate an image sig-
nal by using the frame rate of the variable frame-rate
picked-up image as the set frame rate. Therefore, it is
possible to properly set a frame rate of a variable frame-
rate picked-up image based on the priority sequence
even if a plurality of frame rate instructions is issued.
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[0094] Further, the synchronization signal generation
device comprises the setting information generation
means for generating image pick-up setting information
which is used to frame-synchronize an image signal gen-
erated by the image signal generation means of the im-
age pick-up device with a reference frame, the synchro-
nization signal generation means for generating a syn-
chronization signal that corresponds to this reference
frame, the synchronization signal output means for out-
putting the generated synchronization signal with the
generated image pick-up setting information being insert-
ed into it, and the control means for setting the reference
frame, so that it is possible to frame-synchronize the im-
age signals generated by the image pick-up devices con-
nected to the synchronization signal generating device.

Industrial Applicability

[0095] As described above, the present invention en-
ables to be generated the image signals of a variable
frame rate picked-up image which are frame-synchro-
nized with each other by using a plurality of image pick-
up devices, so that images of a subject are picked up in
different directions by varying a frame rate, and could
well be applied to a case of obtaining special video effects
such as fast reproduction and slow reproduction.

CLAUSES

[0096] Other aspects and features of the invention are
set out in the following numbered clauses:

1. An image pick-up device comprising:

image signal generation means for generating
an image signal of a variable frame-rate picked-
up image;
drive-and-control means for driving and control-
ling the image signal generation means;
setting information generation means for gener-
ating image pick-up setting information to gen-
erate an image signal which is frame-synchro-
nized with the image signal generated by the
image signal generation means; and
output means for outputting the image signal
generated by the image signal generation
means and the image pick-up setting informa-
tion.

2. The image pick-up device according to clause 1,
wherein the output means outputs the image signal
with the image pick-up setting information being in-
serted into a blanking interval thereof.

3. The image pick-up device according to clause 1,
wherein the image pick-up setting information gen-
erated by the setting information generation means
includes frame rate information; and

wherein the drive-and-control means drives and con-
trols the image signal generation means, staring
from a frame of the variable frame-rate picked-up
image that is given first after the image pick-up set-
ting information is output, by setting a frame rate in-
dicated by the frame rate information contained in
the output image pick-up setting information as a
frame rate of the variable frame-rate picked-up im-
age.

4. The image pick-up device according to clause 1,
wherein the setting information generation means
makes information of a scan line position and a pixel
position of an image signal included in the image
pick-up setting, said information being generated by
the image signal generation means information.

5. The image pick-up device according to clause 1,
comprising holding means for holding a frame rate
alteration pattern,
wherein when reading the frame rate alteration pat-
tern held in the holding means and instructing a
frame rate in accordance with this read frame rate
alteration pattern to vary a frame rate of the variable
frame-rate picked-up image, the setting information
generation means makes information indicating the
read frame rate alteration pattern included in the im-
age pick-up setting information; and
wherein the drive-and-control means drives and con-
trols the image signal generation means, starting
from a frame of the variable frame-rate pricked-up
image that is given first after the image pick-up set-
ting information is output, by setting the instructed
frame rate as a frame rate of the variable frame-rate
picked-up image.

6. The image pick-up device according to clause 1,
comprising:

a plurality of frame rate instruction means each
for instructing a frame rate of the variable frame-
rate picked-up image; and
operation control means for setting priority se-
quence to the plurality of frame rate instruction
means, to set a frame rate instructed by the
frame rate instruction means that has the high-
est priority as a frame rate of the variable frame-
rate picked-up image,
wherein the setting information generation
means generates image pick-up setting infor-
mation which is used to generate an image sig-
nal that is frame-synchronized with an image
signal having the set frame rate of the variable
frame-rate picked-up image.

7. An image pick-up device comprising:

image signal generation means for generating
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an image signal of a variable frame-rate picked-
up image; and
drive-and-control means for receiving image
pick-up setting information to generate an image
signal that is frame-synchronized with the image
signal of a reference variable frame-rate picked-
up image, and controlling a driving operation of
the image signal generation means based on
this image pick-up setting information, thereby
frame-synchronizing the image signal generat-
ed by the image signal generation means with
the image signal of the reference variable frame-
rate picked-up image.

8. The image pick-up device according to clause 7,
wherein, if the image pick-up setting information con-
tains frame rate information indicating a frame rate
of the reference variable frame-rate picked-up im-
age, the drive-and-control means drives the image
signal generation means, starting from a frame of
the variable frame-rate picked-up image that is given
first after this image pick-up setting information is
input, by setting a frame rate indicated by the frame
rate information contained in the input image pick-
up setting information as a frame rate of the variable
frame-rate picked-up image.

9. The image pick-up device according to clause 7,
wherein, if the image pick-up setting information con-
tains information of a scan line position and a pixel
position, the drive-and-control means synchronizes
an image signal generated by the image signal gen-
eration means with the scan line position and the
pixel position.

10. The image pick-up device according to clause 7,
comprising holding means for holding a frame rate
alteration pattern,
wherein, if the image pick-up setting information in-
cludes information which is used to read the frame
rate alteration pattern, the holding means reads the
frame rate alteration pattern indicated by this infor-
mation and instructs a frame rate in accordance with
this read frame rate alteration pattern; and
wherein the drive-and-control means drives the im-
age signal generation means, starting from a frame
of the variable frame-rate picked-up image that is
given first after the image pick-up setting information
is input, by setting the frame rate instructed by the
holding means as a frame rate of the variable frame-
rate picked-up image.

11. The image pick-up device according to clause 7,
comprising:

frame rate instruction means for instructing a
frame rate of the variable frame-rate picked-up
image; and

operation control means for setting priority se-
quence to the frame rate instructed by the frame
rate instruction means and the frame rate based
on the image pick-up setting information, to set
the frame rate that has higher priority as the
frame rate of the variable frame-rate picked-up
image,
wherein the drive-and-control means drives the
image signal generation means by using the
frame rate of the variable frame-rate picked-up
image as the frame rate that is set by the oper-
ation control means.

12. The image pick-up device according to clause
11, wherein, if input of the image pick-up setting in-
formation is stopped when higher priority is set to a
frame rate based on the image pick-up setting infor-
mation than a frame rate instructed by the frame rate
instruction means, the operation control means sets
a frame rate set before the input of the image pick-
up setting information as the frame rate of the vari-
able frame-rate picked-up image.

13. The image pick-up device according to clause
11, wherein, if input of the image pick-up setting in-
formation is stopped when higher priority is set to a
frame rate based on the image pick-up setting infor-
mation than a frame rate instructed by the frame rate
instruction means, the operation control means sets
a frame rate at the time when the input of the image
pick-up setting information is stopped, as the frame
rate of the variable frame-rate picked-up image.

14. The image pick-up device according to clause 7,
comprising output means for outputting an image
signal generated by the image signal generation
means and the input image pick-up setting informa-
tion.

15. A synchronization-signal-generating device for
supplying a synchronization signal to an image pick-
up device having image signal generation means for
generating an image signal of a variable frame-rate
picked-up image, comprising:

setting information generation means for gener-
ating image pick-up setting information which is
used to frame-synchronize the image signal
generated by the image signal generation
means of the image pick-up device with a refer-
ence frame;
synchronization signal generation means for
generating the synchronization signal that cor-
responds to the reference frame;
synchronization signal output means for output-
ting the generated synchronization signal with
the generated image pick-up setting information
being inserted thereinto; and
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control means for setting the reference frame.

16. The synchronization-signal-generating device
according to clause 15, wherein the synchronization
signal output means inserts the generated image
pick-up setting information into a synchronization
signal at a position of a blanking interval.

17. An image pick-up device comprising:

an image signal generation portion that gener-
ates an image signal of a variable frame-rate
picked-up image;
a controller driving and controlling the image sig-
nal generation portion;
a setting information generation portion that
generates image pick-up setting information to
generate an image signal that is frame-synchro-
nized with the image signal generated by the
image signal generation portion; and
an output portion that outputs the image signal
generated by the image signal generation por-
tion and the image pick-up setting information.

Claims

1. An image pick-up device (10) comprising:

image signal generation means (11) for gener-
ating an image signal of a variable frame-rate
picked-up image (DVd);
drive-and-control means (24) for driving and
controlling the image signal generation means;
wherein the drive-and-control means is config-
ured, when the image pick-up device is set as a
slave side image pick-up device, to receive fur-
ther frame rate information (IFex) from a master
image pick-up device and to drive and control
the image signal generation means to generate
the image signal with the variable frame-rate
picked-up image (DVd) which is frame-synchro-
nized using the further frame rate information
(IFex) from the master image pick-up device,
and
a setting information generation means (24)
configured, when the image pick-up device is
set as a master side image pick-up device, to
generate frame rate information (IF) for causing
generation of a frame-synchronized image sig-
nal by a further image pick-up device which is
frame-synchronized with the image signal gen-
erated by the image signal generation means;
and
output means (15) for outputting the frame rate
information when the image pick-up device is
set as a master side image pick-up device.

2. The image pick-up device according to claim 1,
wherein the output means is configured to output the
image signal with the frame rate information being
inserted into a blanking interval thereof.

3. The image pick-up device according to claim 1 or
claim 2, wherein the drive-and-control means is
adapted to drive and control the image signal gen-
eration means, starting from a frame of the variable
frame-rate picked-up image that is given first after
the frame rate information is output, by setting a
frame rate indicated by the frame rate information
as a frame rate of the variable frame-rate picked-up
image.

4. The image pick-up device according to any preced-
ing claim, wherein the setting information generation
means is adapted to generate image pick-up setting
information and makes information of a scan line po-
sition and a pixel position of an image signal included
in the image pick-up setting information, said infor-
mation being generated by the image signal gener-
ation means.

5. The image pick-up device according to any preced-
ing claim, comprising holding means for holding a
frame rate alteration pattern,
wherein the setting information generation means is
adapted to generate image pick-up setting informa-
tion,
and when reading the frame rate alteration pattern
held in the holding means and instructing a frame
rate in accordance with this read frame rate alteration
pattern to vary a frame rate of the variable frame-
rate picked-up image, the setting information gener-
ation means is adapted to include information indi-
cating the read frame rate alteration pattern in the
image pick-up setting information; and
wherein the drive-and-control means is adapted to
drive and control the image signal generation means,
starting from a frame of the variable frame-rate
pricked-up image that is given first after the image
pick-up setting information is output, by setting the
instructed frame rate as a frame rate of the variable
frame-rate picked-up image.

6. The image pick-up device according to any preced-
ing claim, comprising:

a plurality of frame rate instruction means each
for instructing a frame rate of the variable frame-
rate picked-up image; and
operation control means for setting priority se-
quence to the plurality of frame rate instruction
means, to set a frame rate instructed by the
frame rate instruction means that has the high-
est priority as a frame rate of the variable frame-
rate picked-up image,

31 32 



EP 3 151 540 A1

18

5

10

15

20

25

30

35

40

45

50

55

wherein the setting information generation
means is adapted to generate image pick-up
setting information which is used to generate an
image signal that is frame-synchronized with an
image signal having the set frame rate of the
variable frame-rate picked-up image.

7. A synchronization-signal-generating device for sup-
plying a synchronization signal to an image pick-up
device having image signal generation means for
generating an image signal of a variable frame-rate
picked-up image, comprising:

setting information generation means for gener-
ating frame rate information which is used to
frame-synchronize the image signal generated
by the image signal generation means of the im-
age pick-up device with a reference frame;
synchronization signal generation means for
generating the synchronization signal that cor-
responds to frame rate of the reference frame;
synchronization signal output means for output-
ting the generated synchronization signal with
the generated frame rate information being in-
serted thereinto; and
control means for setting the reference frame.

8. The synchronization-signal-generating device ac-
cording to claim 7, wherein the synchronization sig-
nal output means is adapted to insert the generated
frame rate information into a synchronization signal
at a position of a blanking interval.
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