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DESCRIPTION
Imégé Pickﬁup Apparatus and.Imaging System
" Technical Field
This invention relates to an imaging (image picking up)
system suitable used in a éamera apparatus or the like used as
an image pick-up apparatus mainly for Factory Automation (FA) to

pick up image of, e.g., an object moving at d high speed.

Background Art vs g“‘—WDZA.s[SS)’—

The applicant of this application has proposed,/ in the
Japanese Patent Application Laia Open No. 119756/1992, an image
pick~up appératus having an electronic shutter function to carry
out exposure time adjustment without use of mechanical iris'by
controlling the_charge storage time of a solid-state image pick-
up device (CCD image sensor) of the Interline Transfer (IT) type.

In this image pick-up apparatus, an approach is employed to
read out, to the vertical transfer sections, charges stored in
respective pixels of the photoelectric converting section of the
CCD image sensor by a read—out. signal shown in TFIG. 1(b)
outputted at_the vertical blanking period VBLK during which a
vertical blanking signal shown in FIG. 1(a) is céused to be low
level. The charge storage time of the CCD image sensor is
controlled by a reset signal shown in FIG. 1(c). When this reset
signal is delivered, the CCD image sensor sweeps out charges
stored in the pixels into the overflow drain.

For this reason, for a time period during which the reset
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signal is delivered (charge sweep~out period), no charge is
stored intp the CCD image sensor. Accordingly, effective charges
are stored (accumulated) into the photoelectric converting
section of the CCD image sensor from the time point when the
reset signal delivered to the CCD image sénsor is stopped. By
controlling the timing at which the reset signal is stopped, it
is possiblé to control the charge storagé time; i.e., the shutter
. speed. | |

Since the image pick—up apparatus can vary the shqtter speed
in dependency upon movement'(motion) of an object by using such
an electronic shutter function, it is advantageous in taking in
images particularly in high speed moving object (body) .

At present, an image pick-up apparatus used, e.g., mainly
for FA and adapted to carry out image pick-up of a moving object
is known. This image pick—up apparatus has a configuration as
shown in FIG. 2, for example. When an oﬁject 201 moving on a
movement path 200 moves up to the position in front of an image
pick-up section 202, a position detecting section 203 detects
this movement of the object tq deliver, to a shutter signal
generating circuit 204, a trigger signal which falls to low level
at time t11 of FIG. 3(a) (i.e., the shutter control signal is
caused to be active).

When the trigger signal is delivered, the shutter signal
generating circuit 204 delivers, to a CCD control circuit 205,

a shutter control signal which rises to high level at the time



t11 of FIG. 3(b).

For a time period during which the shutter control signal
is not active, the CCD control cifcuit 205 delivers a reset
signal (indicating the state where the shutter control signal is
inactive) for sweeping out charges stored in the photoelectric
converting section of the CCD image sensor 206 into the overflow
drain. Thus, for a time period during which fhe circuit 206 is
supplied with the reset signal, no charge 1is stored into
respective pixels of the photoelectric converting section of the
CCD image sensor 206. However, when the trigger signal is
delivered, the circuit 205 stops the reset signal (allow the
shutter control signal to be active) delivered to the CCD image
sensor 206. Thus, storage (accumulation) of effective charges
into respective pixels of the photoelectric converting section
of the CCD image sensor 206 is started.

More particularly, the CCD control circuit 205 is supplied
with a vertical synchronizing signal which represents loQ level
for a time period from time tl1l to time tl12 of FIG. 3(c) and a
horizontal synchronizing signal shown in FIG. 3(d) from a
synchronizing signal generating circuit 207. When the shutter
control signal of H level (i.e., in active state) is delivered,
the CCD control circuit 205 counts, by nine (9), the number of
pulses of the horizontal synchronizing signal shown in FIG. 3(d)
from the time t11 at which the vertical synchronizing signal

shown in FIG. 3(c) falls thereafter to count the number of pulses
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of a clock signal (hereinafter simply referred to as clopk pulses
depending upon circumétances) by several hundreds thereafter to
deliver a read-out signal indicated at time t13 of FIG. 3(e) to
the CCD image sensor 206.

Thus, for a time period frém the time when the shutter
éontrol signal of H level (i.e., in active state) is delivered
to the CCD image sensor 206 at the time tll 6f FIG. 3(b) up to
the time when the read-out signal is delivered to the CCD image
sensor 208 at time t13 of FIG. 3(e), charges corresponding to
image pick—up light irradiatéd through an imaging lens will be.
stored. (accumulated) into the CCD image sensor 2086. This time
period from the time tll to the time t13 is the charge storage
time.

In the above—-mentioned timing chart, FIG. 3(f) indicates the
vertical blanking period VBLK.

Charges read out from the CCD image sensor 206 are delivered
to a signal processing circuit 209 as an image pick—up signal.
The signal processing circuit 209 implements a signal processing
to add a synchronizing signal to the image pick-up signal, etc.
to output this signal through output terminal 210 as a video
signal. The video signal outputted through the output terminal
210 is delivered to, e.g., monitor. Thus, it is possible to
analyze the state of the object 201 in the case where the object
201 is moved.

Since such image pick—up apparatus adapted for carrying out
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image pick-up of a moving object is used mainly for FA, there are
instances where the object 201 shown in FIG. 2 is moved at a high
speed to carry out imaging (image pick—up) operation by high
speed shutter, e.g., 1/10000 sec., etc.

However,the above-mentioned image pick—up apparatus counts,
e.g2., by nine (9), the number of pulses of the horizontal
synchronizing signal, from falling of the vertical synchronizing
signal thereafter to deliver, to the CCD image sensor, a read-out
signal at the timing where clock pulses are counted by several
hundreds. Namely, the outpuf timing of the read-out signal is
fixedly set in advance on the basis of pixel arrangement of the
CCD image sensor.

Accordingly, the charge storage time of the image pick-up
apparatus could not be shortened so that it is equal to a time
less than the time from the falling time of the vertical
synchronizing signal up to thé time when the read-out signal is
outputted. For this reason, the conventional image pick—up
apparatus could not carry out image pick—up operation by high
speed shutter such as 1/10000 sec., etc.

The above-mentioned image pick—up apparatus is adapted to
start storage (accumulation) of effective charges in accordance
with a trigger signal delivered from the position detecting
section 203 as described above. Namely, this image pick—-up
apparatus operates in accordance with the timing of the trigger

signal delivered from the position detecting section 203.
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Meanwhile, there are instances where there is a need such
that an image processing equipment is used to implement image
processing to a video signal from the image'pick—up apparatus.
Generally, the image processing equipment operates with a
predetermined synchronizing signal being as reference. For this
reason, e.g., in the case where video signals from a plurality
of image pick-up npparatuses or video recnrding/reproduning
apparatuses, etc. are synthesized, or the like, it is necessary
to deliver a video signal synchronous with a synchronizing signal
serving as reference to an inage processing equipment.

In more practical sense, when a trigger signal is delivered,
as shown in FIG. 4(a), for example, at an arbitrary timing, this
image pick—-up apparatus delivers the read—-out signal shown in
FIG. 4(b) to the CCD image éensor after a predetermined charge
storage time, i.e., exposure time'to read out charges stored in .
respective pixels of the photoelectric converting section to the
vertical +transfer sections, and to generatg a vertical
synchronizing signal V-SYNC simultaneously therewith to output,
as an image pick-up signal, through the horizontal transfer
section, the charges which have been rend out to the vertical
transfer sections at a timing synchronized with the generated
vertical synchronizing signal V-SYNC.

Namely, this image pick—-up apparatus attempts to generate
vertical synchronizing signals V-SYNC of a fixed period after the

trigger signal is delivered, as shown in FIG. 5(c), for example,
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wherein when a trigger signal shown in FIG. 5(a) is delivered,
a read—-out signal shown in FIG. 5(b) is delivered to the CCD
image sensor after a predetermined exposure time to read out, to
the vertical transfer sections, charges stored in respective
pixels of the photoelectric converting section, and to generate
a vertical synchronizing signal V-SYNC simultaneously therewith.

In this image pick-up apparatus, however éince video signals
are outputted as shown in FIG. 6(b) at random time intervals in
accordance with trigger signals delivered at arbitrary timings,
i.e.; at random as shown in FIG. 6(a), it is impossible to output
" the vertical synchronizing signals V-SYNC ét a fixed period in
practice.

Meanwhile, in video processing equipments, e.g., frame
memory, monitor or the like for carrying out processing by using
video signals from such an image pick-up appératus, their
operations are required to be synchronized with video signals
delivered thereto.

However, in such video processing equipments, it is very
difficult from a technfcal point of view to synchronize their
operations with synchronizing signals of random period. Such a
way of synchronization is not carried out in general.

An object of this invention is to provide an image pick-up
apparatus capable of effecting high speed shutter operation.

Another object of this invention is to provide an image

pPick—-up apparatus capable of controlling the timing at which a'



8
video signal obtained by imaging is outputted, and easy to take
synchronization with external equipments.

A further object of this invention is to provide an imaging
(image picking up) system caﬁable of outputting video signals
from an image pick—-up apparatus (unit) in a manner synchronized
with a.synchronizing signal from an image taking-in unit.

A still further object of this inventioﬁ is to provide a
control unit and a control system which are adapted to output
video signals from an image pick—-up apparatus iq a manner
synchronized with a synchroniéing signal from an image taking-in
unit.

Disclosure of the Invention

An image pick—-up apparatus according to this invention
comprises: an interline transfer type solid-state image pick-up
device including a ligh£ receiving section for producing charges
corresponding to quantity of light incident thereto, a vertical
transfer section to which the charges produced in the 1light
receiving section are transferred, a horizontal transfer section
for outputting the charges transferred through the vertical
transfer section, and a charge sweep—out section, and having an
electronic shutter function to sweep out the charges stored in
the light receiving section into the charge sweep—-out section in
accordance with an electronic shutter control signal; electronic
shutter signal generating means supplied with a trigger signal

to generate +the shutter control signal; read—out signal
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generating means for generating a read-out signal for reading out
the charges stored in the light receiving section to the vertical
transfer section as effective charges after a predetermined time
is passed from the time point when the trigger signal is
delivered; charge transfer stopping means for stopping vertical
transfer of charges in the vertical transfer section at least up
to a timing at which the read-out signal is génerated after the
trigger signal is delivered; and charge transfer starting means
operative to release stop of the vertical transfer of the
effective charges in the vertical transfer section by the charge
stopping means at a timing based on an external synchrbnizing
signal to start the vertical transfer of the effective charges
so that the effective charges are output through the horizontal
transfer section.

Moreover, in the image pick-up apparatus according to this
invention, the charge transfer starting means releases stop of
vertical transfer of the effective charges in the wvertical
transfer section at a timing where a field discrimination signal
included in the external synchronizing signal indicates start of
one of the odd field and the even field so as to start the
vertical transfer of the effective charges.

Further, the image pick-up apparatus according to this
invention further comprises output request signal generating
 means for generating an output request signal at a predetermined

timing based on the external synchronizing signal after the
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trigger signal is delivered, whereby the charge transfer starting
means releases stop of vertical transfer of the effecfive charges
at the vertical transfer section at a timing where a field
discrimination signal included in the external synchronizing
signal indicates start of one of the odd field and the even field
after the output request signal is delivered so as to start the
vertical transfer of the effective charges. .

Further, the image pick-up apparatus according to this
invention further comprises output request signal generating
means for generating an outpuf request signal at a predetermined
timing based on the external synchronizing signal after the
trigger signal is delivered, whereby the charge transfer starting
means réleases stop of vertical transfer of the effective charges
in the vertical transfer section at a timing where the ekternal
synchronizing signal indicates start of a field existing at the
beginning after the output request signal is delivered so as to
start the vertical transfer of the effective charges.

An image pick—up apparatus according to this invention
comprises: an interline transfer type solid-state image.pick—up
device including a light receiving section for producing charges
corresponding to quantity 6f light incident thereto, a vertical
transfer section to which charges produced in the light receiving
section are transferred, a horizontal transfer section for
outputting the charges transferfed through the vertical transfer

section, and a charge sweep—out section, and having an electronic
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shutter function to sweep out the charges stored in the light
receiving section into the charge sWeep—out section in accordance
with an electronic shutter control signal; a first synchronizing
signal input terminal suppiied with a first vertical
synchronizing signal and a firét horizontal synchronizing signal,
internal synchronizing signal generating means for generating an
internal vertical synchronizing signal and an ihternal horizontal
synchronizing signal on the basis of the first vertical
synchronizing signal and the first horizontal synchroniiing
'signal; a second synchronizing signal input terminal,supplied_
with a second vertical synchronizing signal and a second
horizontal synchronizing signal; drive signal generating means
for generating, on the basis of the second vertical synchronizing
signal and the second horizontal synchronizing signal, a read-out
signal for transferring the charges stored in the light receiving
section to the vertical transfer section.and a vertical transfer
signal for vertically transferring the charges which have been
read out to the vertical transfer section; a trigger signal input
terminal supplied, from the external, with a trigger signal for
designating image pick—up of an object; elecfronic shutter.signal
generating means for generating the electronic shutter control
signal when the trigger signal 1is supplied; video signal
generating means for carrying out signal processing, at a timing
based on the internal synchronizing signal, with respect to a

signal based on the chdrges which have been read out from the
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horizontal transfer section of the solid-state image pick-up
device to generate a video signal; and a video signal output
terminal for outputting the video signal generated at the video
signal generating means.

An image pick-up apparatus according to this invention
comprises: an interline transfer type solid-state image pick-up
device including a light receiving section for‘pfoducing charges
corresponding to quantity of light incident thereto, a Veftical
transfer section to which the charges produced in the 1light
receiving section are transferred, a horizontal transfer section
for outputting the charges transferred 'through the vertical
transfef section, and a charge sweep—out section, and having an
electronic shutter function to sweep out the charges stored in
the light receiving section into the charge sweep—out sectioﬁ in
accordance with an electronic shutter control signal; an external
synchronizing signal input terminal supplied with an external
vertical synchronizing signal and an external horizontal
synchronizing signal; internal éynchronizing signal generating
means for generating an internal vertical synchronizing signal
and an internal horizontal synchronizing signal on the basis of
the external verticalhsynchronizing signal and the external
horizontal synchronizing signal; modulated synchronizing signai
generating means responsive to a timing based on the internal
horizontal synchronizing signal to generate a modulated

horizontal synchronizing signal having a frequency higher than
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that of the internal horizontal synchronizing signal, and to
generate an output vertical synchronizing signal based on the
internal vertical synchronizing signal; selector means for
selectively outputting the internal vertical synchronizing signal
and the internal horizontal synchronizing signal, or the output
vertical synchronizing signal and the modulated horizontal
synchronizing signal; drive signal generéting means for
generating a read-out signal for transferring the charges stored
in the light receiving seétion to the vertical transfer section
ahd a vertical transfer signal for vertically transferring
charges which have been read out to the vertical transfer
‘section on the basis of the internal verticél synchronizing
signal and the internal horizontal synchronizing signal, or the
output vertical synchronizing signal and the modulated horizontal
synchronizing signal which have been selectively outputted
through the selector means; a trigger'signal input terminal
supplied, from the external, with a trigger signal for
designating image pibk—up of an object; electronic shutter signal
generating means for generating the electronic shutter control
signal when the trigger signal is supplied; videol signal
generating means for carrying out signal processing, at a timing
based on the internal synchronizing signal, with respect to a
signal based on the charges which have been read out from the
horizontal transfer section of the solid-state image pick-up

device to generate a video signal; and a video signal output
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terminal for outputting the video signal generated at the video
signal generating means.

An image pick—up apparatus according to this invention
comprises: an interline transfer type solid-state image pick-up
device including a light receiving section for producing charges
corresponding to quantity of light incident thereto, a vertical
transfer section to which the charges prodﬁced in the 1light
receiving section are transferred, a horizontal transfer section
for outputting the charges transferred through the vertical
transfer section, and a chérée sweep—out section, and having én
electronic shutter function to sweep out the charges stored in
the light receiving section into the charge sweep—out section in
accordance with an electronic shutter control signal; a first
synchronizing signal input terminal supplied with a first
vertical synchronizing signal and a first horizontal
synchronizing signal, internal synchronizing signal generating
means for generating an internal vertical synchronizing signal
and.an internal horizontal synchronizing signal on the basis of
the first vertical synchronizing signal and the first horizontal
synchronizing signal; a second synchronizing signal input
terminal supplied with a second vertical synchronizing signal and
a second horizontal synchronizing signal; selector means for
selectively outputting the firsf vertical synchronizing signal
and the first horizontal synchronizing signal, or the second

vertical synchronizing signal and "the second horizontal
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synchronizing signal; drive signal generating means for
generating, on the basis of the first vertical synchronizing
signal and the first horizontal synchronizing signal, or the
Second_vertical synchronizing signal and the second horizontal
synchronizing signal which have been selectively outputted
through the seiector means, &a read-out signal for transferring
the charges stored in the light receiving section to the vertical
transfer section and a vertical transfer signal for vertically
transferring the charges which have been read out to the vertical
transfer section; a trigger signal input terminal supplied, from
the external, with a trigger signal for designating image pick-up
of an object; electronic shutter signal generating means for
generating the electronic shutter control signal when the trigger
signal is supplied; video signal generating means for carrying
out signal processing, at a timing based on the internal
synchronizing signal, with respect to a signal based on the
charges which have been read out from the horizontal transfer
section of the solid-state image pick-up device to generate a
video signal; and a video signal output termiﬁal for outputting
the video signal generated at the video signal generating means.

An imaging system according to this invention compriseé: an
interline transfer type solid-state image pick—up device
including a 1light receiving section for producing charges
porresponding to quantity of light incident thereto, a vertical

transfer section to which the charges produced in the 1light
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receiving section are transferred, a horizontal transfer section
for outputting the charges transferred through the vertical
transfer.section, and a charge sweep—out section, and having an
electronic shutter function to sweep out the charges stored in
the light receiving section into the charge sweep—out section in
accordance with an electronic shutter control signal; external
synchronizing signal generating means for genefating an external
vertical synchronizing signal and an external horizontal
synchronizing signal; a trigger signal input terminal supplied,
from the external, a trigger signal for designating image pick—ﬁp
of an object; modulated synchronizing signal generating means for
generating a modulated horizontal synchronizing signal haVing a
frequency higher +than that of the external horizontal
synchronizing signal for a time period from a timing after a
predetermined time is passed from the time when the trigger
signal is delivered to the trigger signal input terminal up to
a timing based on the external vertical synchronizing signal,
and for generating an output vertical synchronizing signal based
on the external vertical synchronizing signal; electronic shutter
signal generating means for generating an electronic shutter
control signal for sweeping out the charges stored in the light
receiving section into the charge sweep¥out section when the
trigger signal is supplied; read-out signal generating means for
generating a read-out signal for transferring the charges stored

in the light receiving section to the vertical transfer section
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when a predetermined time is passed from the time when the
trigger signal is delivered thereto; vertical transfer signal
generating means for generating a vertical transfer signal for
vertically transferring the charges which have been transferred
to the vertical transfer section when_the modulated horizontal
synchronizing signal does not take a high frequency; and memory
means for storing a video signal based on the'charges outputted
from the solid-state image pick—-up device at a timing based on
the external vertical synchronizing signal.

In the imaging system according to this invention, the
modulated synchronizing signal generating means generates a
signal having a frequency higher than that of the external
horizontal synchronizing signal as the modulated horizontal
synchronizing signal for a time period from a timing when a
predetermined time is pas;ed from the time when the trigger
sigﬁal is delivered up to a timing at which a field
discrimination .signal included in the external vertical
;ynchronizing signal indicates start of one of the odd field and
the even field.

The iﬁaging system according to this invention further
comprises output request signal generating means for generating
an output request signal at a predetermined timing based on the
external vertical synchronizing signal afﬁer the trigger signal
is delivered, whereby the modulated horizontal synchronizing

signal generating means generates a signal having a frequency
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higher than ﬁhat of the external horizontal synchronizing signal
as the modulated horizontal synchronizing signal for\a time
period from.a timing when a predetermined time is passed from the
time when the trigger signal is delivered up to a timing at which
the output request signal is delivered and a field discrimination
signal included in the external vertical synchronizing signal
indicates start of one of the odd field and the even field,

The imaging system according to this inventioﬁ further
comprises outpuf request signal generating means for generating
an output request signal at a predetefmined timing based on the
external vertical synchronizing signal after the trigger signal
is delivered, whereby the modulated horizontal s&nchronizing
sigﬁal generating means generates a signal having a frequency
higher than that of the external horizontal synchronizing signal
as the modulated horizontal synchronizing signal for a time
period from a timing when a predetermined time is passed from the
time when the trigger signal is delivered up to a timing at which
the output request signal is delivered and the external vertical
synchronizing signal indicates stért of field existing at the
-beginning.

This invention is directed to a control apparatus for
controlling operation timings of an image pick—-up apparatus
having an interline transfer type solid-state image pick-up
device including a light receiving section for producing charges

corresponding to quantity of light incident thereto, a vertical
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transfer section to which'qharges the produced in the 1light
receiving section aré transferred, a horiiontal transfer section
for outputting the charges transferred through the vertical
transfer section, and a charge sweep—out section, and having an
electronic shutter function to sweep out the charges stored in
the light receiving section into the charge sweep—-out section in
accordance with an electronic shutter control éignal, the control
apparatus comprising: an external synchronizing signal input
terminal supplied with an external vertical synchronizing signal
and an external horizontal synchronizing signal; a trigger signal
input terminél supplied, from the external, with a trigger signal
for designating image pick-up of an object; a trigger signal
output terminal for outputting, to the image pick—-up apparatus,
an output trigger signal based on the trigger signal delivered
to the trigger signal input terminal; modulated synchronizing
signal generating means responsive to a timing based on the
external vertical synchronizing signal delivered to the external
synchronizing signal input terminal to generate a modulated
horizontal synchronizing signal having a frequency higher than
that of the external horizontal synchronizing signal, and to
generate an output vertical synchronizing signal based on the
external vertical synchronizing signal; and a modulated
synchronizing signal output terminal for outputting the modulated
horizontal synchronizing signal and the output vertical

synchronizing signal to the image pick—up apparatus.
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In the control apparatus for image pick-up apparatus
.according to this invention, the modulated synchronizing signal
generating means generates a signal having a frequency higher
than that of the external horizontal synchronizing signal as the
modulated horizontal synchronizing signal for a time period from
a timing when a predetermined time is passed from the time point
when the trigger signal is delivered to fhe trigger input
terminal up to a timing at which a field discrimination signal
iﬁcluded in the external vertical synchronizing signal indicates
start of one of the odd field and the even field.

The control apparatus for image pick—-up apparatus according
to this invention further comprises output request signal
generating means for generating an output request signal at a
predetermined timing based on the external vertical synchronizing
signal after the trigger signal is delivered, whereby the
modulated horizontal synchronizing signal generating means
generates a signal having a frequency higher than that of the
external hofizontal synchronizing signal as the modulated
horizontal synchronizing signal for a time period from a timing
when a predetermined time is passed from the time when the
trigger signal is delivered up to a timing at which the output
request signal is delivered and a field discrimination signal
included in fhe external vertical synchronizing signal indicates
start of one of the odd field and the even field.

The control apparatus for image pick—-up apparatus according
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to this invention further comprises output request signal
genefating means for generating an output request signal at a
predetermined timing based on the extérnal vertical synchronizing
signal after the trigger signai is delivered, whereby the
modulated horizontal synchronizing signal generating means
generates a signal having a frequency higher than that of the
external horizontal synchronizing signal ns the modulated
lhorizontal synchronizing signal for a time period from a timing
when a predetermined time is passed from the time when the
triggér signal is delivered np tq a timing at which the output
request signal ié delivered and the external vertical
synchronizing signal indicates start of field existing at the
beginning.

This invention is directed to a control system for
controlling operation timings of an image pick-up apparatus
having an interline transfer type solid state image pick—-up
device including a light receiving section for producing charges
corresponding to quantity of light incident thereto, a vertical
transfer section.lto which the charges produced in the 1light
receiving section are transferred, a horizontal transfer section
for outputting the charges transferred through the vertical
transfer section, and a charge sweep—-out section, and having an
electronic shutter function to sweep out the charges stofed in
the light receiving section in accordance with an electronic

shutter control signal, the control system comprising: external
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synchronizing signal generating means for generating an external
vertical synchronizing signal and an external -horizontal
synchronizing signal; a trigger signal input terminal supplied,
from the external, with a trigger signal for designating image
pick-up of an object; modulated synchronizing signal generating
means responsive to a timing to the external vertical
synchronizing signal to generate a modﬁlated horizéntal
synchronizing signal having a frequency higher than that of the
external horizontal synchronizing signal, and to generate an
output vertical synchronizing signal based on the external
vertical synchronizing signal; a modulated synchronizing signal
output terminal for outputting the modulated horizontal
synchronizing signal and the output vertical synchronizing signal
to the image pick-up apparafus, a video signal input terminal
supplied with a video signal outputted from the image pick-up
appafatus; and.memory-means for storing the video signal supplied
to the wvideo signal input terminal at a timing based on the
external vertical synchronizing signal.

In the control system for image pick—up apparatus according
to this invention, the modulated synchronizing signal generating
means generates a signal having a frequency higher than that of
the external horizontal synchronizing signal as the modulated
horizontal synchronizing signal for a time period from a timing
when a predetermined time is passed from the time when the

trigger signal is delivered up to a timing'at which a field
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discrimination signal included in +the external vertical
synchronizing signal indicates start of one of the odd field and
the even field.

The control system for image pick—up apparatus according to
this invention further comprises output request signal generating
means for generating an output request signal at a predetermined
timing based on the external vertical synchronizing signal after
the trigger signal is delivered, whereby the modulated horizontal
synchronizing signal generating means generates a signal having
a frequency higher than that of the external horizontal
synchronizing signal as the modulated horizontal synchronizing
signal for a time period from a timing when a predetermined time
is passed from the time ppint when the trigger signai is
delivered up to a timing at which the output request signal is
delivered and a first discrimination signal included in the
external vertical synchronizing signal indicates start of one of
the odd field and the even field.

In ;ddition, the control system for image pick—up apparatus
according to this invention further comprises output request
signal generating means for generating an oufput request signal
at a predetermined timing based on the external vertical
synchronizing signal after the trigger signal is delivered,
whereby the modulated horizontal synchronizing signal generating
means generates a signal having a frequency higher than that of

the external horizontal synchronizing signal as the modulated
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horizontal synchronizing signal for a time period from a timing
when a predetermined time is pa.ssed_from the time when the
trigger signal is delivered up to a timing at'which the output
request signal is delivered .and the external vertical
synchronizing signal indicates start of field existing at the
beginning.
Brief Description of the'Drawingé

FIG. 1 is a timing chart showing the operation of a
conventional image pick—ub épparatus.

_FIG. 2 is a block diagram showing the configuration of the
conventional image pick—up apparatus. |

FIG. 3 is a timing chart showing the operation of the
conventional image pick—~up apparatus.

FIG. 4 is a timing chart showing the operation of the
conventional image pick—up apparatus.

FIG. 5 is a timing chart showing the operation of the
conventional image pick—up apparatus.

FIG. 6 is a timing chart .sﬁowing the operation of the
conventional image pick—up apparatus.

FIG. 7 is a block diagram showing the configuration of an
imaging system to which this invention is applied.

FIG. 8 is a plan view showing, in a model form, the
configuration of an IT type CCD image sensor used in a CCD camera
constituting the above—mentioned imaging system.

FIG. 9 1is a block diagram showing a more practical
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configuration of the CCD camera.

FIG. 10 1is a block diagram showing a more practical
configuration of a timing generator constituting the CCD camera.

FIG. 11 is a Dblock diagram showing a more practical
configufation of H-counter constituting the timing generator.

FIG. 12 is a timing chart showing the operation of the
H-counter. ‘
| FIG. 13 is a block diagram showing a more practical
configuration of write enable signal ©preparation section
constituting image taking—in unit of the imaging system.

FIG. 14 is a circuit diagram showing a more practical
configuration of modulated HD signal preparation section
éonstituting control unit of the imaging system.

FiG. 15 is a timing chart for explaining the operation of
the modulated HD signal preparation section constituting the
control unit.

FIG. 168 is a -timing chart for explaining the operation of
the modulated HD signal prepafation section.

FIG. 17 is a timing chart for explaining the operation of
the control unit.

FIG. 18 is a timing chart for explaining the operation of
write enable signal preparation section of the image taking-in
ﬁnit.

FIG. 19 is a timing chart for explaining the operation of

the imaging system.
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FIG. 20 is a timing chart for explaining the operation of
the timing generator of the CCD camera.

FIG. 21 is a timing chart for explaining the operation of
the timihg generator of the CCD camera.

FIG. 22 is a timing chart for explaining the operation of
the imaging system.

FIG. 23 is a timing chart for explaininé the operation of
the imaging system.

FIG. 24 is a view for explaining positional shift of
reprodubtion image inuthe imaging system.

FIG. 25 is a timing chart for explaining the operation of
the imaging system.

FIG. 26 is a block diagram showing another configuration of
the imaging system according to this invention. | |

FIG. 27 is a block diagram showing a further embodiment of
the imaging system according to this invention.

FIG. 28 is a block diagram showing another configuration of
the CCD camera cohstituting the imaging system according to this
invention. |

FIG. 29 is a block diagram showing a further configuration
of the CCD camera constituting the imaging system according to
this invention. |

Best Mode for Carrying Ouf the Invention
Preferred emﬁodiments of this ipvention will now Dbe

described in detail with reference to the attached drawings.
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~An imagiﬂg (image picking up) system according to this
invention is directed to an imaging system adapted for detecting
a moving object (body) 2 transferred (conveyed) along a transfer
path 1 comprised of belt conveyer, etc. by means of a position
sensor 3 to pick up an image of still picture on the basis of a
detection output of the position sensor 3 as shown in FIG. 7, for
example, and includes an image pick-up .apparatus (unit)
comprising a CCD camera 10 for carrying out image pick-up in
accordance with a detection output of the position sensor 3 to
output a video signal,'and a control unit 20 for carrying out
control of the operation of the CCD camera 10, and an image
taking—in unit 30 for delivering external synchronizing signals
EXT-HD, EXT-VD to the control unit 20, and for taking thereinto
a video signal from the CCD camera 10.

In this imaging system, the position sensor 3 detects the
moving object 2 transferred along the transfer path 1 to generate
a trigger signal TRIG-IN when the moving object'Z reaches the
ffont surface of the position sensor 3 to deliver it to the
control unit 20 and the image taking—in unit 30.

The control unit 20 controls timing of exposure at the CCD
camera 10 on the basis of the trigger signai TRIG-IN delivered
from the position sensor 3, and controls, on the basis of the
write enable signal WE delivered from the image taking—in unit
30, timing at which the CCD camera 10 outputs a video signal.

The CCD camera 10 picks up an image of the moving object on
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the basis of control from the control unit 20 to output a vidéo
signal at a timing based on control from the control unit 20 to
deliver it to the image taking—in unit 30. The image taking-in
unit 30 is adapted to take thereinto the video signal from the
CCD camera 10. |

In more practical sense, the control unit 20 comprises, as
shown in FIG. 7 mentioned above, terminals Cl,.CZ for delivering
horizontal and vertical synchronizing signals SG-HD, SG-VD to the
CCD camera 10, terminals C3, C4 for delivering horizontal and
vertical modulated synchronizing signals TG-HD, TG-VD to the CCD
camera 10, a terminal C5 supplied with a trigger signal TRIG-IN
based on detection of the moving object 2 from the position
sensor 3, and a terminal C6 delivering, to the CCD camera 10, a
pulsé ﬁidth adjusted trigger signal TRIG—OUT obtained by
adjusting the pulse width of the trigger signal TRIG-IN delivered
to the terminal C5.

Moreover, the control unit 20 comprises terminals C7, C8
supplied with external synchronizing signals EXT—HD,.EXT—VD from
- the image taking—in .unit 30, a terminal C9 supplied with write
enable signal WE from the image taking—-in wunit 30, a
synchronizing signal generating section 21 for generating
synchronizing signals SG-HD, SG-VD on the basis of the external
synchronizing signals EXT-HD, EXT-VD delivered from the image
taking~in unit 30 to fhe terminals C7, C8 to output the generated

synchronizing signals SG~HD, SG-VD to the terminals Cl1, C2, and
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a modulated HD signal preparation section 22 for preparing
modulated synchronizing signals TG-HD, TG=VD on the basis of the
synchronizing signals SG-HD, SG-VD from the synchronizing signal
generating section 21 and the write enable signal WE, etc.
delivered to the terminal C9 to output the prepared modulated
synchronizing signals TG-HD, TG-VD to the terminals C3, C4.

The synchronizing signal génerating sec£ion 21 geﬁérates
horizontal and vertical synchronizing signals SG-HD, SG-VD in
accordance with the external synchronizing signals EXT-HD, EXT-VD
delivered from the terminals C7, CS to deliver them to the CCD
camera 10 through the terminals Cl, C2.

The modulated HD signal generating section 22 generates a
modulated horizonfal synchronizing signal TG-HD and a modulated
vertical synchrqnizing signél TG-VD based on the synchronizing
signals SG-HD, SG-VD and the write enable signai WE in accordance
with the timing of the trigger signal TRIG—IN delivered from the
terminal C5 to deli?er them to the CCD camera 10 through the
terminals C3, C4. Moreover, the modulated HD signal generating
section 22 varies the fréquency of the modulated horizontal
synchronizing signal TG-HD in accordance with a set shutter speed
to control exposure time, i.e., . charge storage time of the CCD
camera 10, and to control output of a video signal from the CCD
camera 10 so that the video sighal from the CCD camera 10 is
delivered to the image taking—in unit 30 at a timing synchronous

with the write enable signal WE delivered to the terminal C9.
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The image taking—in unit 30 comprises, as shown in the FIQG.
7 mentioned above, terminals C10, Cl1 for outputting external
synchronizing signals EXT-HD, EXT-VD, a terminal Cl1l2 supplied
with a video signal from the CCD camera 10, a terminal C13 for
outputting the write enable signal WE, a terminal Cl4 supplied
with the above—described trigger signal TRIG-IN from the position
sensor 3, a synchronizing signal generatiné section 31 for
generating external synchronizing signals EXT-HD, EXT-VD, a
memory 32 for storing the.video signal delivered to the terminal
Cl2, and a write .enable signal preparation section 33 for
generating write enable signal WE on the basis of the trigger
signal TRIG-IN delivered to the terminal Cl4 to deliver the
generated write enable signal WE to the control unit 20 through
the terminal 613. |

The synchronizing signal generating section 31 generates
external horizontal synchronizing signal EXT-HD and external
vertical synchronizing signal EXT;VD to deliver them to the
memory 32, and to deliver them to the control unit 20 through the
terminals C10, Cl1l1. The write eﬁable signal preparation section
33 generates write enable signal WE in accordance with the
trigger signal TRIG-IN delivered to the terminal Cl4 to deliver
it to the memory 32, and delivers it to the control unit 20
through the termina1.013. The memory 32 stores the video signal
delivered from the CCD camera 10 to the terminal C12 in

accordance with the write enable signal from the write enable
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signal preparation section 32.

Moreover, the CCD camera 10 includes a CCD image sensor 11
of thé Interline Transfer (IT) type of a structure as shown in
FIG. 8, fof example. This IT type CCD imége sensor 11 is
composed .of light receiving portions S%D corresponding to
respective pixels of the odd field, light receiving portions SWM
corresponding to respective pixels of the evén field, vertical
transfer portions VHG to which charges stored in the respective
light receiving portions Smm’SWM are read out, and a horizontal
transfer portion HHG for oﬁtputting, as an image pick~up signal
of one horizontal line unit, the charges which have been read
out to the vertical transfer portions VMG’ and has an electronic
shutter function to control potential of the substrate formed
below the light receiving portions Sopp » Swm to thereby sweep out
the charges stored in the respective light receiving portions
SWD’ Smmn into the substrate; thus fo control the charge storage
time.

The CCD camera 10 comprises, as shown in FIG. 9, a vertical
drive section 12 for controlling transfer of charges in the
vertical transfer portions to which the charges stored in the
light receiving portions of the CCD image sensor 11 are read out,
a timing generator 13 which generates a signal for driving the
vertical drive section 12, etec., a master clock generating
section 14 for delivering a master clock MCK of about 28.6 MHz

to the timing generator 13, and a shutter control signal
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preparation section 15 for preparing a shutter control signal SCP
on the basis of the trigger signal TRIG-OUT delivered to the
terminal CB8 to deliver it to the CCD image sensor 11.

Moreovér, the CCD camera 10 comprises switches 16a, 16b for
carrying out switching between hofizontal synchronizing signals
IT-HD/TG-HD and vertical synchronizing signals IT-VD/TG-VD
delivered to the timing generator 13, a synchronizing signal
generating section 17 for generating internal synchronizing
signals IT-HD, IT-VD on the basis of the horizontal synchronizing
signai SG-HD and the vertical synchronizing signal SG-VD
delivered from the terminals C1, C2, a Correlated Double Sampling
circuit (hereinafter referred to as CDS circuit) 18 for carrying
out so called correlated double sampling on the basis of sampling
pulses SHP, SHD delivered from the timing generator 13 with
respect to an image pick-up signal delivered from the CCD image
sensor 11 to eliminate noise such as reset noise, etc. included
in the image pick—up signal, and a process processing section 19
operative on the basis of synchronizing signal SYNC delivered
from the synchronizing signal generating section 17 to implement
so called process processing to the image pick—-up signal
delivered from the CDS circuit 18 to output the image pick—up
signal thus proceséed as a video signal.

This CCD camera 10 carries out switching of +the
above—mentioned switchés 163, 16b to thereby conduct switching

between the ordinary operation mode for carrying out image



33

pick-up of moving picture on the basis of the internal
synchronizing signals IT—ﬁD, IT-VD from the timing generator 13
and random shutter mode for carrying out image pick-up of still
picture in accordance with the modulated synchronizing signals
TG-HD, TG-VD delivered to the terminals C3, CA.

| In more practical sense, the synchronizing signal generating
section 17 generates internal synchronizing siénals IT-HD, IT-VD
from the horizontal synchronizing signal SG-HD delivered from the
terminal C1 and the vertical synchronizing signal SG-VD delivered
from the terminal C2 to deli&er them to the switches 16a, 16b.
The switch 16a selectively delivers, to the timing generator 13,
one of the modulated horizontal synchronizing signal TG-HD
delivered from the terminal C3 and the internal horizontal
synchronizing signal IT-HD delivered from the synchronizing
signal generating section 17. The switch 16b selectively
delivers, to the timing generator 13, one of the modulated
vertical synchronizing signal TG-VD delivered from the terminal
C4 and the internal vertical synchronizing signal IT-VD delivered
from the synchronizing signal generating section 17.

Moreover, this imaging system is adapted so that when it is
operative in the random shutter mode, horizontal and vertical
synchronizing signals TG~-HD, TG-VD delivered to the terminals
C3, C4 are delivered to the timing generator 13 through the
switches 16a, 16b. |

Further, this timing generator 13 is operative so that it
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counts, by nine (9), the nqmber of pulses of the modulated
horizontal synchronizing signal TG-HD from the tiﬁe point of
start of exposure.of the CCD image sensor 11 thereafter to form
a read-out signal RO2 for reading out charges stored in the light

receiving portions of the CCD image sensor 11 to the vertical

transfer portions of the CCD image sensor 11; For this reason,

the charge storage time of the CCD image sensof 11 is sum of the
time required for counting, by nine (9), the number of pulses of
the modulated horizontal synchronizing signal TG-HD and a
predetermined time required for forming the read—out signal RO2.

In this example, the above—mentioned timing generator 13 is
constituted as shown in FIG. 10, for example. Namely,'the timing
generator 13 is composed of an edge detecting circuit 131
supplied with vertical synchronizing signal TG-VD/IT-VD selected
by the switch 16b, a V-counter 132 adapted so that an output of
the edge detecting circuit 131 is delivered to its data input
terminal, an inverter 133 for inverting master clock MCK from the
master clock generating section 14 to deliver it to the edge
detecting circuit 131, a decoder 134 supplied with output of the
V—counter 132, an edge detecting circuit 135 supplied with

horizontal synchronizing signal TG-HD/IT-HD selected by the

switch 16a, a H—counter 136 adapted so that an output of the edge

detecting circuit 135 is delivered to its déta input terminal,
an inverter 137 for inverting the master clock MCK from the

master clock generating section 14 to deliver it to the edge
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detecting circuit 135 énd the H-counter 136, and a decoder 138
supplied with output of the H~counter 1386.

More particularly, the edge detecting circuit 131 is
composed of cascade connected fwo flip—flops 131A, 131B adapted
so that the master clock MCK inverted by the inverter 133 is
delivered to the respective clock input terminals and a gate 131C
supplied with outputs of the respective flip;flops 131A, 131B,
wherein vertical synchronizing signal TG-VD/IT-VD selected by the
switch 16b is delivered to the data input terminal of the
flip¥flop 131A. This edge detecting circuit 131 detects falling
edge of the vertical synchronizing signal TG-VD/IT-VD to deliver
an edge detection output of one (1) clock pulse width of the
master clock MCK at a timing of the falling edge to the data
input terminal of the V-counter 132. 1In this example, the clock
input terminal of the V-counter 132 is supplied with a decode
output of thé decoder 138. Thus, the V-counter 132 counts decode
output of the decoder 138 on the basis of edge detection output
by the edge detecting circuit 131 to deliver the count output to
the decoder 134. |

Moreover, the edge detecting circuit 135 is composed of"
cascade connected two flip—-flops 135A, 135B adapted so that
master.clock MCK inverted by tﬁe inverter 137 is delivered to the
respective clock input terminals, and a gate 135C supplied with
outputs of the respective flip—-flops 135A, 135B, wherein the

horizontal synchronizing signal TG-HD/IT-HD selected by the
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switch 16a is delivered to the data. input terminal of the
flip—flop 135A. This edge detecting circuit 135 detects falling
edge of the horizontal synchronizing signal TG-HD/IT-HD to
deliver, to the data input terminal Qf the H-counter 136, an edge
detection output of one (1) clock pulse width of the master clock
MCK at a timing of the falling edge. In this example, the clear
input terminal of the H-counter 136 is supplied with a decode
output of the decoder 134.

The H-counter 136 counts the number of pulses of the master
clock MCK on the basis of edge detection output delivered from
the edge detecting circuit 135 to the data input terminal to
deliver its count output to the decoder 138,

Further, the decoder 138 decodes count output of the
H—-counter 136 to thereby generate various drive timing signals
Xvi, Xv2, Xv3, Xv4, XSGl, XsG2, PG, H1l, HZ of the CCD image
sensor 11.

In this example, the H-counter 136 comprises, as shown in
FIG. 11, counters 133A, 133B adapted so that an edge detection
output by the edge detecting circuit 135 is delivered to the
respective load terminals, flip—flops 133C, 133D adapted so that

the édge detection output is delivered to the respective reset

terminals, and a gaﬁe 133E supplied with respectivé outputs Q, {

of the flip—-flops 133C, 133D.

The counter 133A is Nl-ary counter for counting the number
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of pulses of the master clock MCK, wherein thé clock input
terminal is supplied with a master clogk MCK as shown in FIG.
12(b) inverted by the inverter 137. This counter 133A is
operative so that in the case where the period of the edge
detection output shown in FIG. 12(a) delivered to its load
terminal is longer than N1, it delivers, to the clock input
terminal of the flip—-flop 133C, one .pulse A At the time point
where N1 number of pulses are counted as shown.in FIG. 12(c) as
ité,count output. The flip—flop.133C delivers, to the gate 133E,
an output Q as shown in FIG. 12(d) of which state is inverted by
count output from the counter 133A.

Moreover, the counter 133B is N2 (N1 < N2)—-ary counter for
counting the number of pulses of the master clock, wherein the
clpck input terminal is supplied with master clock MCK as shown
in FIG. 12(b) inverted by the inverter 137. This counter 133B
is operative so that in the case where the period of the edge
detection output showﬁ in FIG. 12(a) delivered to the load
terminal is longer than N2, it delivers, to the clock input
terminal of the flip-flop 133D, one pulse B at the time point
where N2 number of pulses afe counted as shown in FIG. 12(e) as

its count output. The flip—flop 133D delivers, to the gate 133E,

an output 27 as shown in FIG. 12(f) of which state is inverted

by count output from the counter 133B.

The gate 133E is a logical product (AND) circuit and forms
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an output pulse X as shown in FIG. 12(g) which rises after N1
number of pulses are counted from the timing of the falling of
the edge detection output by the edge detecfing circuit 135 and
falls after N2 number of pulses are counted from the above—

mentioned falling timing, as logical product output of the

outputs Q, Z? of the respective flip—flops 133C, 133D.

In the H-counter 136 of such a configuration, when the
period of the edge detection output by the edge detécting circuit
135 is'shorter than the N1 (e.g., in the case where the count

value of N1 is 40 and the périod of the edge detection output is

. 4), outputs Q, Z? of the respective flip—flops 133C, 133D are

paused to be both at low level. As a result, the output pulse
X also becomes disappear.

Moreover, the write enable signal preparation section 33 of
the image taking-in unit 30 comprises, as shown in FIG. 13, for
example, a flip—flop 34 sup?lied, at the clock terminal CK, with
external vertical synchronizing signal EXT-VD and reset by.the
trigger signal TRIG-IN delivered from the position sensor 3
through terminal Cl4, and mono-multi vibrators 35, 36 for forming
a pulse signal of a predetermined length from output of the
flip—flop 34, and is operative to generate a write enable signal

WE corresponding to the trigger signal TRIG-IN delivered to the
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terminal Cl4 to deliver it to the memory 32, and to deliver it
to the control unit 20 thrdugh terminal C13.

On the other hand; the above-mentioned control unit 20
comprises, as shown in FIG. 14, for example, a mono-multi
vibrator 41.for generating a pulse signal of a predetermined
length iﬁ accordance with the trigger signal TRIG-IN delivered
to the terminal C5, flip-flops 42, 43 whicﬁ are reset by an
output of the mono—-multi vibrator 41 and are operative to form
a pulse signal synchronous with a 1/4 frequency division clock
(hereinafter referred to as CL/4 signal) having a frequency of
about 3.5 MHz obtained by allowing clock CL of about 14.3 MHz,
which is obtained by allowing the master clock delivered from the
synchronizing signal generating section 21 to undergo
frequency—-division into one half (1/2), to undergo
frequency—-division into one fourtﬁ (1/4) by using the CL/4 signal
as clock, a mono—multi vibrator 44 for forming a pulse signal of
a predetermined length on the basis of output Q of the flip-flop
42, mono—multi vibrators 45, 46 for adjusting pulse width of the
horizontal synchronizing signal SG-HD delivered from the
synchronizing signal generating section 21, and the like.

Moreover, the control unit 20 includes a counter 51 for
frequency—-dividing the CL/4 signal, and the like, and allows the
frequency division ratio ét the counter 51 to be changeable
(adjustable) to thereby form a frequency varied (changed) signal

to vary the frequency of the modulated horizontal synchronizing
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signal TG-HD on the basis of the signal.

Further, the control unit 20 includes flip—flops 69, 70
reset by the write enable signal WE delivered to the terminal C9,
and the like, and is operative to select, by a switch 72, one of
a signal delivered through switches 64, 65, etc. from a counter
58 and the CL/4 signal from the synchronizing signal generating
- section 21 to deliver it as the modﬁlated horizontal
synchronizing signal TG-HD to the CCD camera 10 through the
terminal C3 to thereby contrql the timing of output of a video
signal from the CCD camera 10 so that the video signal from the
CCD camera 10 is delivered to the image taking—in unit 30 at a
timing synchronous with the write enable signal WE.

In more practical sense, the mono-multi vibrator 41 of the
control unit 20 delivers signal shown in FIG. 15(b) to the reset
terminals of the flip—flops 42, 43 on the basis of the ﬁrigger
signal TRIG-IN shown in FIG. 15(a). |

The flip—-flop 42 is ordiﬁarily sﬁpplied, at the reset
terminal, with an output of high level from the mono-multi

vibrator 41, and is placed in the state where its output Q is

caused to be at high level. However, when the output @ of the

mono—multi vibrator 41 delivered to the reset terminal as
described above shifts to low level, the flip—flop 42 is reset.

As a result, its output Q is caused to be at low level. When
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output @ of the mono-multi vibrator 41 shifts to high level,

output Q@ of the flip~flop 42 is caused to be at high level in
synchronism with rising of the above—described CL/4 signal shown

in FIG. 15(c).

The flip—-flop 43 is reset by output ¢ .of the mono-multi

- vibrator 41 similarly to the above-described flip—-flop 42. As

a result, its output ¢ is caused to be at high level as shown

in FIG. 15(e). When output of the flip—flop 42 shifts to high

level, output @ of the flip—flop 43 shifts to low level in

synchronism with rising of the CL/4 signal subsequently
delivered.

The output Q of the flip—-flop 42 is delivered to a switch
47 through the mono-multi vibrator 44. By this switch 47, there
is carried out selective switching between the output Q and
continuous puises generated by the mono-multi vibrators 45, 46
in synchronism with the horizontal synchronizing signal SG-HD
from the synchronizing signal genefating section 21. Thus, a
trigger signal TRG-OUT as shown in FIG. 15(g), for example, is
formed, and this trigger signal TR1 is delivered to the CCD

camera 10 through the terminal C6.
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Moreover, the output Q of the flip—~flop 42 and the output [o,

of the flip—flop 43 described above.are delivered to a gate 48.
By'this gate 48, NOR (not logical sum) output is obtained. -The
output of the gate 48 is a signal synchronous with the first.CL/4
signal after high level time periéd is completed (the trigger
signal TRIG-IN becomes inactive) as shown in fIG. 15(f).

An output pf the gate 48 is delivered to a mono-multi
vibrator 61. Thus, the mono—multi vibrator 61 adjusts the pulse
width of output of the gate 48 shown in FIG. 16(a), for example,
to deliver the pulse width adjusted output to the CCD camera 10
through the terminal C4 as modulated vertical synchronizing
signal TG-VD as shown in FIG. 16(d).

Further, the output of the gate 48 is inverted by inverter
49. Then, NOR (not logical sum) output of this output and output
Pl of the counter 51 is obtained at a gate 50. The output from
the gate 50 thus obtained is delivered to the load terminal of
the counter 51. Moreover, the output of the gate 48 is delivered
to flip~flop 54, etc., and is also.delivered to the load termihal
of the counter 53.

The counter 51 allows the CL/4 signal to undergo
frequency—-division into 1/N on the basis of a ratio N (N : 1 ~
15) set in advance by setting of control input to deliver a
signal P1 having a period N times greater than that'of the CL/4

signal to the gate 50, and delivers it to the counter 53 through
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a switch 52.

The gate 50 provides NOR (not logical sum) output of the
signal Pl delivered from the counter 51 and an output of the gate
49 to deliver a signal as shown in FIG. 16(b) to the load
‘terminal of the counter .51 and a mono-multi vibrator 80. The
mono—muiti vibrator 60 adjusts the pulse width of output of the
gate 50 to deliver the nulse width adjusted nutput of the gate
50 to a switch 64.

An output of the mono-multi vibrator 60 is delivered to the
CCD camera 10 through switchen 64, 65, 72 and terminal C3 as the
modulated horizontal synchronizing signal TG-HD as shown in FIG.
186(c).

Now, the signal relationship of the horizontal and vertical
synchronizing signals S8G-HD, S8SG-VD from the above—-described
synchronizing signal generating section 21 and the trigger signal
TRIG-IN, etc. is illustrated, a timing chart as shown in FIGS.
17(a) to 17(m) is provided. Namely, FIG. 17(a) shows horizontal
synchronizing signal SG-HD from the synchronizing signal
generating.section 21, FIG. 17(b) shows vertical synchronizing
signal SG-VD from the synchronizing signal generating section 21,
and FIGQG. 17(d) shows fhe trigger signal TRIG-IN delivered from
the position sensor 3.

FIG. 17(e) snows V-SUB for controlling voltage of the
substrate of the CCD image sensor 11 from the vertical drive

section 12. Charges stored (accumulated) in respective pixels
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of the light receiving section of the CCD image sensor 11 are
swept out into the substrate of the CCD image sensor 11 when the
signal V-SUB delivered to the substrate is caﬁsed to be at high
level.

The output P1 of the above-described counter 51 is a pulse
signal having higher frequency with respect to the horizontal
synchronizing signal SG-HD from the synéhronizing signal
generating section 21 as shown in FIG. 17(f). The period Ta of
the output Pl can be changed (adjusted) by setting of the counter
51 as described above.

Moreover, the switch 52 carries out switching between the
CL/4 signal and the output P1 of the counter 51 on the basis of
an output of the gate 49 to deliver an output obtained by
switching to the counter 53. The counter 53 allows a signal
delivered from the counter 51 through the switch 52 to undergo
frequency—division into 1/9 to deliver it to the clock terminal
of the flip—floﬁ 54. The flip—flbp 54 is reset in response to
an output of the gate 48 to form a signal shown in FIG. 17(g).
The signal formed at the flip—flop 54 is delivered to the load
terminal of the counter 58 through a gate 67, and is delivered

to the load terminal of the counter 56 through a gate 55.

Further, the switch 57 is supplied with output © of the

flip—flop 54, and is'operative to selectively deliver, to the

counter 58, one of an output of the counter 56 and the CL/4
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signal on the basis of output 0 of the flip—flop 54. The

counters 56, 58 respeétively allows signals inputted thereto to
undergo frequency-division into 1/15. Namely, output P3 of the
countef 58 becomes a signal obtained by allowing the CL/4 signal
to undergo frequency-division into 1/15x15=225.

An output of the couﬁter 58 is ‘delivered to the clock
terminals of the flip—-flops 62, 63. These fiip—flops 62, 63 are
supplied, at their reset tepminals, with the output Q of the
above—described flip—~flop 54. Moreover, the flip—-flop 62 is such
that its data input terminal is caused to be at high level at all
times and its output Q is delivered to the data input terminal
of the flip-flop 63. Namely, output P4 of the flip-flop 63 is.
caused to be at high level for a time period during.which output
P2 of the flip-flop 54 is at low level and for a time period
(T14T2) corresponding to two periods of output P3 of the counter
58 as shown in FIG. 17(i).

'The switch 64 caused to undergo switching control by output
P2 of the above-described flip—~flop 54 shown in FIG. 17(g) serves
to carry out selective switching between output P3 of the counter
58 delivered through the inverter 59 and output of the mono—multi
vibrator 60, and is operative so that for a time period during
which output P2 of the flip—flop 54 is at low level, it selects
output of the mono-multi vibrator 60, for time periods except for

the above, it selects an output of the inverter 59. Moreover,
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the switch 65 caused to undergo switching control by output P4
of the flip-flop 63 shown in FIG. 17(i) serves to carry out
selective switching between select output of the switch 64 and
horizontal synchronizing signal SG-HG delivered from the terminal
C3, and is operative so that for a time period during which
output P4 of the flip-flop 63 is at high level, it selects select
output of the switch 64, and for time-perioas except for the
above, it selects the horizontal synchronizing signal SG-HD.
Thus, select output of the switch 64 is delivered from the
terminal C3 to the CCD caﬁera 10 as modulated horizontal
synchronizing signal TG-HD shown in FIG. 17(j) through switches
65 and 72.

Meanwhilé, the frequency of the output P2 of the flip-flop
54 shown in FIG. 17(g) 1is changed by setting at the
above—-described counter 51.- Moreover, the frequency of the
modulated horizontal synchronizing signal TG-HD varies in
dependency upon frequency of output.PZ of the flip—flop 54.
Further, the charge storage time of the CCD image sensor 11 can
be changed (adjusted) in dependency upon frequency of the
modulated horizontal synchronizing signal TG-HD. Accordingly,
in this imaging system, it 1is possible to change the charge
storage time period of the CCD image sensor 11, i.e., the
exposure time of the CCD camera 10 by setting at the counter 51.

Moreover, the write enable signal preparation section 33 of

the image taking—in unit 30 is operative so that when trigger
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signal TRIG-IN shown in FIG. 18(a) is deliQered from the position
sensor 3, it genefates write enable signal WE shown in FIG. 18(d)
in synchronism with external vertical synchronizing signal EXT-VD
shown in FIG. 18(b) delivered immediately thereafter to deliver
this write enable signal WE to the mémory 32, and to deliver it
to the modulated HD signal preparation section 22 of the control
unit 20 fhrough the terminal CQ; '

In more practical sense, the flip-flop 34 of the write
enable signal preparation.section 33 is reset by the trigger
signal TRIG-IN delivered to the terminal 14, and-is operative
with extefnal vertical synchronizing'signal EXT-VD from the
external synchronizing signal generating section 31 being as
clock. Namely, output P11l of the flip-flop 34 is caused to be
at low level for a time period from the time when the tfigger
signal TRIG-IN is delivered up to termination of the first
external vertical synchronizing signal EXT-IN.

Further, the write enable signal WE is (waveform—)shaped by
mono—multi vibrators 35, 36 on the basis of the timing of the
rising edge of output P11 of the flip—-flop 34. The wpite enable
signal WE thus obtained is delivered to the memory 32 and the
terminal C13.

Moreover, the data input terminal of the flip—flop 68 of the
control unit 20 is subplied with a field discrimination signal
FLD for discriminating field of the synchronizing signal SG-HD,

SG-VD shown in FIG. 19(f) from the synchronizing signal
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genérating section 21. The flip—floﬁ 69 is reset by the write
enable signal WE from the image taking—in unit 30 shown in FIG.
18(e), and output P5 of the flip-flop 68 shown in FIG. 19(g) is
inputted as clock. Namely, when the write enable signal WE is
caused to be at low level as shown in FIG. 19(h), output P6 of
the.flip—flop 69 is caused to be at low level for a time period

until the field discrimination signal FLD shoﬁn in FIG. 19(f) is
secondly caused to be at high level, i.e., 1is caused to have
becomes ODD field and oﬁtput P5 of the flip—-flop 68.inputted to
the clock terminal rises.

The flip—flop 70 is reset by output Q of the above—described
flip—flop 63, and is operative with output P6 of the flip-flop
69 being as clock. Namely, as shown in FIG. 19(i), output P7 of
a flip~flop 70 is caused to be at high level for a time period
_until output P6 of the flip-flop 69 shown in FIG! 19(h) first
'shifts from low level to high level éfter output P4 of the
flip—flop 63 shown in FIG. 19(c) has been caused to be at low
level.

A gate 71 provides, as shown in FIG. 19(j), NAND (not
iogical product) output of output P7'of the flip—flop 70 and
output @ of the fiip—flop 63, whereby when NAND output is caused
tp be at low 1eve1; it controls the switch 72 so that CL/4 signal
is delivered to the terminal C3. Namely, for a time period
during which output P8 of the gate 71 is at low level, i.e., for

vertical transfer stop time period during which transfer of the
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vertical transfer register of the CCD image sensor 11 is stopped,
the CL/4 signal is delivered to the CCD camera 10 #s modulated
horizontal synchronizing signal TG-HD.

Moreover, FIG. 19(a) shqws trigger signal TRIG-IN, FIG.
19(b) shows output P9 of the switch 65, FIG. 19(d) shows
modulated vertical synchronizing signal TG—VD, and FIG. 19(m)
shows video signal VIDEO outputted from the CbD camera 10.

Meanwhile, as described above, the timing generator 13 of
the CCD camera 10 counts, by nine (8), the number of pulses of
tﬁe modulated horizontal synchronizing signal TG—HD thereafter
to form a read-out signal for reading out charges.stored in the
light receiving portions of the CCD image sensor 11 to the
vertical transfer portions of the CCD image sensor 11. Namely,
the timing génerator 13 forms read—out signal RO2 shown in FIG.
17(m).

For this reason, the exposure time in the CCD image sensor
11 becomes time period from the time when trigger signal TRIG-IN
shown in FIG. 17(d) is delivered until read-out signal RO2 éhown
in FIG. 17(m) is delivered. In this case, FIG. 17(c) shows
timing at which the read-out signal ROl in the conventional image
pick—-up apparatus is delivered, and FIG. 17(k) shows modulated
vertical synchronizing signal TG-VD.

Sums of charges which have been read to the vertical
transfer section as described above are respectively determined

every two pixels adjacent in upper and lower directions on the
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basis of control from the timing generator 13. Further, the
timing generator 13 is operative so that in the case where, e.g.,
horizontal synchronizing signal SG-HD shown in FIG. ZQ(a) is
delivered, it genefates vertical transfer signals XV1, XvV2, XV3,
Xv4 shown.in FIGS. 20(d) to (g) at predetermined time intervals.
In this example, charges the which have been transferred to the
vertical transfer portions are transferrea iﬁ a vertical
direction by the well known four—-phase driQe system.

In more practical sense, the timing generator 13 counts, by
44, clock pulses shown in FIG. 20(c) obtained by alléwing the
master clock MCK of about 28 MHz delivered from the master clock
generator 14 shown in FIG. 20(b) to undergo frequency-division
into 1/2 from the timing at which the horizontal synchronizing
signal SG-HD is caused to be at low level thereafter to allow the
vertical transfer signal XV1 to be at high level to further
count, by 27, the number of pulsés of the clock CL from this time
point thereafter to allow the vertical transfer signal XV1 to be
at.low level. In this case, in the timing generator 13, count
operation of the clock CL is carried out by H-counter 136 reset
by the above—described horizontal synchronizing signal SG-HD.

Meanwhile, the CL/4 signal is included in the modulated
horizontal synchronizing signal TG-HD as described above. For
this reason, in the case where the modulated horizontal
synchronizing signal TG-HD is delivered to the timing generator

13, for a time period during which the CL/4 signal shown in FIG.
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21(b) is delivered, i.e., for the vertical transfer stop time
period, the H—-counter 136 Which counts the number of pulses of
the clock CL is reset every four periods of the clock CL, it is
impossible to count the number of pulses of the clock CL by 44
(i.e., carry out 44 count operations). For this reason, this
timing generator 13 does not form vertical transfer signals XV1
to XV4. for a time period during which the CL/4 is delivered as
the modulated horizontal synchronizing signal TG-HD. Namely, for
this time period, vertical transfer is stopped at the wvertical
transfer section of the CCD image sensor 11. FIG. 21(a) shows
ordinary horizontal synchronizing signal SG-HD and FIG. 21(c)
éhows vertical transfer signal XV1.

In this imaging system, as described above, the CL/4 signal
is delivered as the modulated horizontal synchronizing signal
TG-HD to +thereby stop vertical transfer of charges in the
vertical transfer section of the CCD image sensor 11.

Moreover, supply of 'the CL/4 signal as the modulated
horizontal.synchronizing signal TG-HD is stopped at the timing
of rising of the vertical.synchronizing signal VD immediately
after rising of the first field discriminafion signal FLD after
the write enablg'signal WE is delivered as shown in FIG. 19(k).
The timing generator 13 starts generation of the vertical
transfer .signals Xvi tb XV4 at this timing to deliver the
vertical transfer signals XV1 to XV4 thus generated to the CCD

image sensor 11'through the vertical drive section 12.
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Then, the vertical transfer portions of the CCD image sensor
11 successively transfer charges on the basis of the vertical
transfer signals XV1 to XV4 délivered thereto to output them as
an 1image pick-up signal. Thﬁs, the image pick—-up signal
synchronous with the vertical synchronizing signal TG-VD of the
first ODD field after the write enable signal WE is delivered is
outputted from the CCD image sensor 11. ‘

In this imaging system, approach is employed as described
above to control the timing at which supply of the CL/4.signa1
as the modulated horizontal synchronizing signal TG-HD is stopped
to thereby control vertical transfer of the vertical transfer
section of the CCD image sensor 11 to control the timing of
output of the image pick—-up signal at the timing correspondiné
to the write enable signal WE from the image taking-in unit 30.

In this example, as described above, this image pick-up
gpparatus detects moving object 2 by position sensor 3 to
generate trigger signal TRG-~IN on the basis of that timing to
control the imaging (image pick-up) timing of the CCD camera 10
on the basis of the trigger signal TRIG-IN.

As described above, the modulated HD signal preparation
section 22 of the control unit 20 generates trigger signal
TRIG-OUT having a predetermined pulse length on the basis of the
trigger signal TRIG-IN delivered to the terminal C5 to deliver
this trigger sighal TRIG-OUT td the CCD camera 10 through the

terminal C6.
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Moreover, as described above, the modulated HD signal
preparatipn section 22 is operative so that when trigger siénal
TRIG-IN is delivered from the terminal C5, it generates modulated
horizontal synchronizing signal TG-HD and modulated vertical
synchronizing Signal TG-VD on the basis of external synchfonizing
signals EXT-HD, EXT-VD from the synchronizing signal generating
section 21, and inserts, for the vertical tfansfer stop time
period, the CL/4 signal into the modulated horizontal
synchronizing signal TG-HD on the basis of the write enable
signal WE from the image taking-in unit 30 to conduct a control
so as to stop transfer of charges in the vertical transfer
portions of the CCD image sensor 11.

Then, the timing generator 13 of the CCD camera 10 delivers
read—-out signal RO2 to the CCD image sensor 11 so as to read out,
to the vertical transfer portions, the charges stored
(accumulated) in the light receiving portions of the CCD image
sensor 11 after a predetermined charge storage time is passed.

Moreover, as. described above, the timing generator 13
delivers vertical transfer signals V1 to V4 to the vertical
transfer portions of the CCD image sensor 11 at_the timing of
termination of the CL/4 in the modulated horizontal synchronizing
signal TG-HD is completed. The CCD image sensor 11 sequéntially
outputs, as an image pick—-up signal, the charges which have been
read out to the vertical transfer portions. These image pick-up

signals are caused to be video signals through the CDS18 and the
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process processing section 19, and are delivered to the image
taking—-in unit 30. |

As described above, the CL/4 signal inserted into the
modulated horizontal synchronizing signal TG-HD is stopped at the
timing of the vertical synchronizing signal TG-VD of the first
ODD field after the write enable signal WE is delivgred. For
this reason, output of the image pick-up siénal from the CCD
image sensor 11 is started at this timing. Thus, Qideo signal
from the CCD camera 10 delivered to the image taking—in unit 30
is outputted in synchroniém with the modulated vertical
synchronizing signal TG-HD when the field discrimination signal
FLD from the synchronizing signal generating section 21 indicates
the ODD field as shown in FIG. 22(d), for example.

'As a result, in this imaging system, it is possible to
deliver, to the image taking—in unit 30, video signals from the
CCD camera 10 in synchronism with the write enable signal WE and
the external vertical synchronizing signal EXT-VD from the image
taking—in unit 30. For this reason, it is possible to control,
from the image taking—in unit 30, output timihg of the video
signal from the CCD camera 10. Thus, taking—in of image can be
securely carried out.

Meanwhile, as described above, in this imaging system, video
signal is outputted in synchronism with the first ODD field after
the write enable signal WE from the image taking-in unit 30. For

this reason, in the case where the write enable signal WE is
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delivered in the middle of the ODD field as shown in FIG. 22(b),
time about 2.8 times greater than the vertical scanning period
is required from start of the trigger signal TRIG-IN shown in
| FIG. 22(a) up to output of the video signal shown in FIG. 22(d).
On the contrary,.in the case where the write enable signal WE is
delivered in the middle of the EVEN field as shown in FIG. 23(b),
video signal shown in FIG. 23(d) is outputted.in time about 1.2
times greater than the vertical scanning period from start of the
trigger signal TRIG-IN shown in FIG. 23(a). In this case, FIGS.
22(c) and 23(c) show field discrimination signal FLD.

Moreover, in the above—-described imaging system, as shown
in FIG. 24, for example, image 80 of the ODD field and image 81
of the EVEN field based on'an image pick~up signal outputted from
the CCD image sensor 11 are respectively outputted at the ODD
field and the EVEN field of the video signal. For this reason,
in the case where those images are displayed on a monitor, they
can be reproduced as a ndrmal image.

Meanwhile, in the case where, e.g., image 80 of the ODD
field and image 81 of the EVEN field of the CCD image sensor 11
are respectively outputted as fields in which the relationship
between odd and even is opposite to the above, image of the ODD
field of the CCD image sensor 11 is displayed in the EVEN field
82 on the monitor and image of the EVEN field of the CCD image
sensor 11 is displayed in the ODD field 83 on the monitor  as

" shown in the FIG. 22 mentioned above. As a result, positional
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shift (deviation) takes place.

However, there are instances where such positional shift
does not become problem for a certain use purpose because it only
exists by one line. Alternatively, there are instances where the
above—described time until video signal is outputted from the
trigger signal TRiG—IN is long, such positional shift may become
problem. .

In such cases, video signal from the CCD camera 10 may be
outputted in the field immediately after the write enable signal
WE is delivered. 1In more practical sense, it is sufficient that
the flip-flop 68 is omitted in the modulated HD signal
~ preparation secfion 22 of the control unit 20 to deliver vertical
synchronizing signal SG-VD as clock for the flip—flop 69.

In this case, when the write enable signal WE shown in FIG.
25(c) is delivered for a time period of the EVEN field, the video
signal from the CCD camera 10 is outputted in the next ODD field
as shown in FIG. 25(d). At this time, video signal is outputted
in a time 1.5 times greater than the vertical scanning period
after the trigger signal TRIG-IN shown in FIG. 25(a) is
delivered.

Moreover, when the write enable signal WE shown in FIG.
25(c) is delivered for the ODD field time period, video signal
is outputted in the next EVEN field as shown in FIG; 25(d). At
this.time, video signal is outputted in a time about 1.2 times

greater than the vertical scanning period after the trigger
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signal TRIG-IN shown in FIG. 25(a) is delivered.

As a result, in the case where it is sufficient that the
video signai from the CCD camera 10 is outputted at the timing
in.any one of the ODD field and the EVEN field without being
limited to the ODD field as described above, the time required
until the video signal is outputted after the trigger signal
TRIG-IN is delivered from the position sensof 3 is shortened.
In this case, FIG. 25(b) shows.vertical synchronizing signal
EXT-VD.

As is clear from the foregcing descriptioﬁ, the imaging
system according to this invention can control, on the basis of
the write enable signal WE from the image taking—in unit 30, the
timing at which a video signal is outputted from the CCD camera
10 on the basis of the trigger signal TRIG-IN from the position
sensor 3. For this reason, in this imaging system, it is
possible to arbitrarily set, depending upon circumstances (needs)
of the image taking—in unit 30, the timing at which the video
signal is outputted from the CCD camera 10. Accordingly, the
image taking—in unit 30 can securely take image thereinto.

While there is employed in the above—described embodiment
such a configuration to prepare write enable signal WE at the
write enable signal preparation section 33 of the image taking—in
unit 30 to allow the control unit 20 to control the output timing
.cf a video signal from the CCD camera 10 on the basis of the

write enable signal WE, when there is a time margin in writing
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into the memory 32, write enable signal WE may be generated at
the control unit 20.

In more practical sense, as shown in FIG. 26, for example,
an image processing unit 95 may be composed of a synchronizing
signal generating section 96 having a function similar to that
of the synchronizing signal generating section 31 shown in FIG.
7 and a memory 97, and a control unit 90 maf be composed of a
synchronizing signal generating section 91 having a function
similar to the above—deécribed synchronizing signal generating
section 21 shown in FIG. 7 and a modulated HD signal preparation
section 92 having a function similar to the above-described
modulated HD signal preparation section 22 shown in FIG. 7 and
operative to generate write enable signal WE immediately after
the trigger signal TRIG-IN delivered from the position sensor 3
to deliver it to the memory 97 of the image taking-—in unit 95.

In this case, in this imaging system, the modulated HD
signal preparation section 92 generates write enable signal WE
immediately after the trigger signal TRIG-IN delivered from the
position sensor 3 to deliver it to the memory 97 of the image
taking—in unit 95, and controls the output timing of the video
signal from the CCD camera 10 similarly to the above-described
imaging system shown in FIG. 7. The CCD camera 10 delivers the
video' signal to the image taking—in unit 985 at a timing
synchronous with the write enable signal WE.

Thus, this imaging system can control the timing of the
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video signal delivered from the CCD camera 10 to the image
taking—in unit 95.and securely carry out taking—-in of image.

Moreover, in the above—described imaging system shown in
FIG. 7, transfer of charges at the vertical transfer section of
the CCD'image sensor 11 of the CCD camera 10 is stopped by
delivering the above-described CL/4 signal to the timing
generator 13 as the modulated horizontal syﬂchronizing signal
TG-HD. However, a signal qelivered to the timing generator 13
in order to stop transfer of charges in the vertical tfansfer
section 'of the CCD image sensor 11 is not limited to the
above—described CL/4 signal, but may be a signal having a
frequency capable of stopping the counter of the timing generator
13, which counts times for forming the above—described vertical
transfer siénals V1 to V4, in more practical sense, a period less
than a period 40 times greater than that of the clock CL.

In more practical sense, even when, as shown in FIG. 27, for
example, an image taking—in wunit 105 is composed of a
synchronizing signal generating unit 106 and a memory .107
similarly to the image taking—in unit 95 of FIG. 26, and a
control unit 100 is composed of an oscillator 10i for generating
clock CK having a period less than a period 40 times greater than
the period of the clock CL, and a modulated HD signal generating
section 102 for outputting a clock CK inserted modulated
horizontal synchronizing signal TG-HD from the oscillator 101 for

the vertical transfer stop period of the CCD image sensor 11 on
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the basis of the write enable signal WE, it is possible to
control the output timing of a video signal from the CCD camera
10.

Moreover, in the imaging system shown in FIG. 27, generation
of the write enable signal WE may be carried out at either the
modul#ted.HD signal generating section 102 or the image taking-in
unit.105.

Further, while the above-described imaging system.shown in
FIG. 7 carries out switching of switches 16a, 16b provided at the
CCD camera 10 to thereby conduct switching between the ordinary
operation mode for carrying out image pick—-up of moving picture
on the basis of internal synchronizing signals IT-HD, IT-VD from
the timing generator 13 and the random shutter mode for carrying
out image pick—up of still picture in accordance with the trigger
signal TRIG—-OUT delivered from the terminal C6 and the modulated
synchroﬁizing signals TG—-HD, TG~VD delivered.to the terminals CS8,
C4, there may be employed a configuration such that the switches
16a, 16b are omitted to directly connect terminals C3, C4 to the
timing generator 13 as in the CCD camera 110 shown in FIG. 28,
for example, to selectively deliver modulated synchronizing
signal TG-HD, TG-VD, or ordinary synchronizing signal SG-HD,
SG-VD from the control unit 20 side to the timing generator 13
through the terminals C3, C4 to carry out switching of the
operation mode at the control unit 20 side.

Further, while the above-described imaging system shown in
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FIG. 7 carries out control of the operation of the CCD camera 10
by the control unit 20 to take a video signal from the CCD camera
10 into the image taking-in unit 30, there is no necessiﬁy that
the control unit 20 and the CCD camera 10 are separately
provided. For example, there may'be employed a configuration in
which the CCD camerea 10 is caused to have the function of the
control unit 20 as in a CCD camera 120 shown in FIG. 29.

Namely, the CCD camera 120 shown in FIG. 29 is of a
structure in which the synchronizing signal generating section
21 and the modulated signal preparation section 22 constituting
the control unit 20 in the above-described imaging system shown
in FIG. 7 are provided on the CCD camera 10 side, and includes
terminals C7, C8B supplied with external synchronizing signals
EXT-HD, EXT~VD from the above-described image taking-in unit 30,
terminal C9 supplied with write enable signal WE from the image
taking—in unit 30, é synchronizing signal generating section 127
for generating internal synchronizing signals IT-HD, IT-VD on the
basis of external synchronizing signals EXT-HD, EXT-VD delivered
from the image taking-in unit 30 to the terminals C7, C8 to
deliver the internal synchronizing signals IT-HD, IT-VD to the
timing generator 13 through switches 16a, 16b, and a modulated
HD signal preparation section 122 for preparing modulated
synchronizing signals TG-HD, TG-VD on the basis of internal
synchronizing signals IT-HD, IT-VD from the synchronizing signal

generating section 127 and write enable signal WE, etc. delivered
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to the terminel C9 to deliver these modulated synchronizing
signals TG-HD, TG-VD to the timing generator 13 through switches
16a, 16Db.

When the CCD camera 120 of such a configuration is employed,
the contrei unit 20 is omitted in the above—described imaging
system shown in FIG. 7 to simplify the configuration, thus making
it possible to control the timing at which e video signal is
outputted from the CCD camera 120 in a manner to meet
circumstances (needs) of the image taking—in unit 30. Thus, the
image taking—ih unit 30 can eecurely take image thereinto.

As described above, in accordance with this invention, it
is possible to output an image pick-up signal from the
solid-state image pick—-up device at a timing where the write
enable signal is delivered. Thus, it is possible to easily take
synchronization with an external equipment, e.g., image taking—in
unit, etc. For this reason, in accordance with this invention,
it is possible to arbitrarily set the timing at which a video
signal is outputted in a manner to meet circumstances (needs) of
an externai equipment. Thus, the degree of freedom in use is
iﬁproved.

Moreover, in this® invention, it is possible to output a
video signal at a timing where write enable signal delivered from
the image taking-~in unit is delivered. Thus, the image taking—in
unit can carry out taking—in of images in a manner caused to be

easily synchronized with video signals. For this reason, in
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accordance with.this invéntion, it is possible to control the
timing at which an image pick-up signal is outputted from the
image pick—-up apparatus in a manner to meet circumstances (needs)
of the image taking—in uhit. Thus, the image taking—in unit can
securely take images thereinto.

Further, in this invention, the image taking—in unit can
take thereinto a video signal from the-image-pick—up apparatus
at a timing where write enable signal is delivered from the image
pick—~up apparatus. For this reason, in accordance with this
invention, it is possible to.secufely téke thereinto image in a
manner caused to be synchronized with an image pick-up signal

from the image pick—up apparatus.
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What is claimed is:

_ THIS SHEET HAS BEEN
1. An image pick-up apparatus comprising: REPLACED

an interline transfer type solid-state image pick—up device
including a 1light receiving section for producing charges
corresponding to quantity of light incident thereto, a vertical
transfer section to which the charges produced..in the light
receiving section are transferred, a horizontai transfer section
for outputting the chargés transferred through fhe vertical
transfer section and a charge sweep—out section, and having an
electronic shutter function to'sweep out the charges stored in
the light receiving section into the charge sweep—out section in
accordance with an electronic shutter control signal;

electronic shutter signal generating means supplied with a
trigger signal to generate the shutter control signal;

read—out signal generating means for generating a read-out
signal for reading out charges stored in the light receiving
section to the vertical transfer section as effective charges
after a predetermined time is passed from the time point when the
trigger signal is delivered;

charge transfer stopping means for stopping vertical
transfer of the charges in the vertical transfer section at least
up to a timing at which the read-out signal is generated after
the trigger signal is delivered; and |

charge transfer starting means operative to release stop of

the vertical transfer of the effective charges in the vertical

This Sheet Has Been Rep lace
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transfer section by the charge stopping means at a timing based
on an external synchronizing signal to start the vertical
transfer of the effective charges so that the effective charges
are output through the horizontal transfer section.
2. The image pick—-up apparatus as set forth in claim 1, wherein
the charge trﬁnsfer starting means releases stop of the vertical
transfer of the effective charges in the Qertical transfer
section at a timing where a field discrimination signal included
in £he external synchronizing signal indicates start of one of
the odd field and the even field so as to start the vertical
transfer of the effective charges.
3. The image pick-up apparatus as set forth ih claim 1,

further comprising output request signal generating means
for generating an output request signal at a predetermined timing
based on the external synchronizing signal after the trigger
signal is delivered,

whereby the charge transfer starting means releases stop of
the vertical transfer of the effective charges at the vertical
transfer section at a timing where a field discrimination signal
included in the external synchronizing signal indicates start of
one of the odd field and the even field after the output request
signal is delivered so as to start the vertical transfer of the
effective charges.

4. The image pick—-up apparatus as set forth in claim 1,

further comprising output request signal generating means

mwd
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for generating an output request signal at a predetermined timing
based on the external synchronizing signal after the trigger
signal is delivered,

whereby the charge transfer starting means releases stop of
the vertical transfer of the effectiﬁe charges in the vertical
transfer section at a timing where the external synchronizing
signal indicates start of a field existing at the beginning after
the output request signal is delivered so as to start the
vertical transfer of the effective charges.
5. An image pick-up apparafus comprising:

an interline fransfer type solid-state image pick-up device
including a Iight receiving section for producing charges
corresponding to quantity of light incident thereto, a vertical
transfer section to which the charges produced in the light
receiving.section are transferred, a horizontal transfer section
for outputting the charges transferred through the vertical
transfer section, and a charge sweep—out section, and having an
electronic shutter function to sweep out the charges stored in
the light receiving section into the charge sweep—out section in
accordance with an electronic shutter control signal;

a first synchronizing signal input terminal supplied with
a first vertical synchronizing signal and a first horizontal
synchronizing signal;

internal synchronizing signal generating means for

generating an internal vertical synchronizing signal and an
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internal horizontal synchronizing sigﬁal on the basis of the
first vertical synchronizing signal and the first horizontal
synchronizing signal;
& second synchronizing signal input terminal supplied with
a second vertical synchronizing signal and a second horizontal
synchronizing signal;
drive signal generating means for generaiing, on the basis
of the second vertical synchronizing signal and the second
horizontal synchronizing signal, a read-out signal for
transferring the charges stofed in the light receiving section
to the vertical transfer section and a vertical transfer signal
for vertically transferring the charges which have been read out
to the vertical transfer section; |
a trigger signal input terminal supplied, from the external,
with a trigger signal for designating image pick—up of an object;
electronic shutter signal generating means for generating
the electronic shutter control signal when the trigger signal is
supplied;
video signal generating means for carrying out signal
processing, at a timing based on the internal synchronizing
signal, with respect to a signal based on the charges which have
. been read out from the horizontal transfer section of the
solid-state image pick-up device to generate a video signal; and
a video signal output terminal for outputting the video

signal generated at the video signal generating means.
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6. An image pick-up apparatus comprising:
an interline transfer type solid—state image pick—up device
including a 1light receiving section for producing charges
corresponding to quantity of light incident thereto, a vertical
transfer section to which the charges produced in the 1light
receiving section are transferred, a horizontal transfer section
for outputting the charges transferred thrdugh the vertical
transfer section, and a charge sweep—-out section, and having an
electronic shutter function to sweep out the charges stored in
the light receiving section ihto the charge sweep—out section in
accordance with an electrgnic shutter control signal;
an external synchronizing signal input terminal supplied
with an external vertical synchronizing signal and an external
horizontal synchronizing signal;
internal synchronizing signal generating means for
generating an internal vertical synchronizing signal and an
internal horizontal synchroniziné signal on the basis of the
external vertical synchroﬁizing signal and the external
horizontal synchronizing signal;
modulated synchronizing signal generating means responsive
to a timing based on the internal horizontal synchronizing signal
'to generate a modulated horizontal synchronizing signal having
a frequency higher than that of the internal horizontal
synchronizing signal, and to génerate an output Verticél

synchronizing signal based on the internal vertical synchronizing
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signal;

selector means for selectively outputting the internal
vertical synchronizing signal and the internal horizontal
synchronizing signal, or the output vertical synchronizing signal
"and the modulated horizontal synchronizing signal;

drive signal generating means for generating a read-out
signal for transferring the charges stored in the light receiving
section to the vertical transfer section and a vertical transfer
signal for vertically transferring the charges which have been
read out to %he vertical transfer section on the basis of the
internal vertical synchronizing signal and the internal
horizontal synchronizing signal, or the output vertical
synchronizing signal and the modulated horizontal synchronizing
signal which have been selectively outputted through the selector
means;

a trigger signal input terminal supplied, from the external,
with a trigger signal for designating image pick—-up of an object;

electronic shutter signal generating means for generating
the electronic shutter control signal when the trigger signal is
.supplied;

video signal generating means for carrying out signal
processing, at a timing based on the internal synchronizing
. signal, with respect to a signal based on the charges which have
been read out from the horizontal transfer section of the

solid-state image pick—up device to generate a video signal; and
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a video signal output terminal for outputting the video
signal generated at the video signal generating means.
T. ‘An image pink—up apparatuslcomprising:

an interline transfer type solid-state image pick—up device
including a light receiving Section for producing charges
corresponding to quantity of light incident thereto, a vertical
transfer section to which the charges prodnced in the 1light
receiving section are transferred, a horizontal transfer.section
for outputting the charges transferred through the vertical
transfer section, and a charge sween—out section, and having an
electronic shutter funntion to sweep out the charges stored in
the light receiving section into the charge sweep—out section in
accordance with an.electronic shutter control signal;

a first synchronizing signal input terminal supplied with
a first vertical synchronizing signal and a first horizontal
synchronizing signal;

internal @ synchronizing signal generating means for
generating an internal vertical synchronizing signal and an
internal horiiontal synchronizing signal on the basis of the
first vertical synchronizing signal and the first horizontal
synchronizing signal;

a second synchronizing signal input terminal supplied with
a second vertical synchronizing signal and a second horizontal
synchfonizing signal;

selector means for selectively outputting the first vertical
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synchronizing signal and the first horizontal synchronizing
signal, or the second vertical synchronizing signal and the
second horizontal synch£onizing signal;

drive sigﬁal generating means for generating, on the basis
of the first vertical synchroninzing signal and the first
horizontal synchronizing signal, or the second vertical
synchrdnizing signal and the secdnd horizoﬂtal synchronizing
signal which have been selectively outputted through the selector
means, a read-out signal for transferring the_charges stored in
the light receiving section to the vertical transfer section and
a vertical transfer signal for vertically transferring the
charges which have been read out to the vertical transfer
section; |

a trigger signal input terminal supplied, from the exte:nal,
with a trigger signal for designating image pick—up of an object;

electronic shutter signal generating means for generating
the electronic shutter control signal when the trigger signal is
supplied;

video signal generating means for carrying out signal
processing, at a timing based on the internal synchronizing
'signal, with respect to a signal based on the charges which have
been read out from the horizontal transfer section of the
solid-state image pick—-up device to generate a video signal; and

a video signal output terminal for outputting the video

signal generated at the video signal generating means.
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8. An imaging system comprising:

an interline transfer type solid-state image pick—up device
including a 1light receiving section for producing charges
corresponding to quantity of light incident thereto, a ﬁertical
transfer section to which the charges produced in the light
receiving section are transferred, a horizontal transfer section
for outputting fhe cha;ges transferred thréugh the vertical
transfer section, and # charge sweep—out section, and.having an
electronic shutter function to sweep out the charges stored in
the light receiving section into the charge sweep—dut section in
accordance with an electronic shutter control signal;

external synchronizing signal generating means for
generating an external vertical synchronizing signal and an
external horizontal synchronizing signal;

a trigger signal input terminal'suppiied, from the external,
a trigger signal for designating image pick—-up of an object;

modulated synchronizing signal generating means for
generating a modulated horizontal synchronizing signal having a
frequency higher than that bf the external horizonfal
synchronizing signal for a time period from a timing after a
predetermined time is passed from the time when the trigger
signal is delivered to the trigger signal input terminal up to
a timing based on the extefnal vertical synchronizing signal, and
for generating an output vertical synchronizing signal based on

the external vertical synchronizing signal;
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an electronic shutter control signal for sweeping out the charges

which have been stored in the light receiving section into the

charge sweep—out section when the trigger signal is'supplied;

read—-out signal generating means for generating a read-out
signal for transferring the charges which have been stored in the
light receiving section to the vertical transfer section when a
predetermined time is passed from the time when the trigger
signal is delivered thereto;

vertical transfer signai generating means for generating a
vertical transfer signal for vertically transferring the charges
which have been transferred to the vertical transfer section when
the modulated horizontal synchronizing signal does not take é
high frequency; and

memory means for storing a video signal based on the charges
outputted from the solid-state image pick—up device at a timing
based on the external vertical synchronizing signal.
9. The imaging system as set forth in ciaim 8,

wherein the modulated synchronizing signal generating means
generates a signal having a frequency higher than that of the
external horizontal synchronizing signal as the modulated
horizontal synchronizing signal for a time period from a timing
when a predetermined time is passed from the time when the
trigger signal is delivered up to a timing at which a field

discrimination signal included in the external vertical
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synthonizing sigﬂal indicates start of one of the odd field and
the even field.
10. The imaging system as set forth in claim 8,

further comprising output request signal generating means
for generating an output request signal at a predetermined timing
based on the external vertical synchronizing signal.after the
trigger signal is delivered, .

whereby the modulated horizontal synchronizing signal
generating means generates a signal having ; frequéncy higher
than that of the external horizontal synchronizing signal as the
modulated horizontal synchronizing signal for a time period from
a timing when a predetermined time is passed from the time when
the trigger signal is delivered up to a timing at which the
output request signal is supplied and A field discrimination
signal included in the external vertical synchronizing signal
indicatgs start of one of the odd field and the even field.
11. The imaging system as set forth in claim 8,

further comprising output request signal generating means
for generating an output request signal at a predetermined timing
based on the external vertical synchronizing signal after the
trigger signal is delivered;

whereby the modulated horizontal synchronizing signal
generating means generates a signal having a frequency higher
than that of the external horizontal synchronizing signal as the

modulated horizontal synchronizing signal for a time period from
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a timing when a predetermined time is passed from the time when
the trigger signal is delivered up to a timing et which the
output request signal is delivered and the external vertical
synchronizing signal indicates start of field existing at the

beginhing.
12. A confrol apparatus for controlling operation timings of an
image pick—up apparatus having an interlihe transfer type
solid—stete image pick-up device including a light receiving
section for producing charges corresponding to quantity of light
incident thereto, a vertical transfer section to which the
charges produced in the light receiving section are transferred,
a horizontal transfer section for outputting the charges
transferred through the vertical tranéfer section, and a charge
sweep—out section, and having an electronic shutter function to
sweep out the charges stored in the light receiving section into
the charge sweep—out section in accordance with an electronic
shutter control signal,

the control apparatus comprising:

an external'synchronizing signal input tefminal supplied
with an external vertical synchronizing signal and an external
horizontal synchronizing signal;

a trigger signal input terminal supplied, from the external,
with a trigger signal for des;gnating image pick-up of an object;

a trigger signal output terminal for outputting, to the

image pick—up apparatus, an output trigger signal based on the
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trigger sighal delivered to the trigger signal input terminal;

modulated synchronizing signal generating means responsive
to a timing based on the external vertical synchronizing signal
delivered to the external synchronizing signal input terminal to
generdte a modulated horizontal synchronizing signal having a
frequency higher than that of the external horizontal
‘synchronizing signal, and to generate an. output vertical
synchronizing signal based on the external vertical synchronizing
signal; and

a modulated synchronizing signal output terminal for
outputting the modulated horizonfal synchronizing signal and the
output vertical synchronizing signal to the image pick-up
apparatus.
13. The control apparatus for image pick—up apparatus as set
forth in claim 12,

wherein the modulated synchronizing signal generating means
generates a signal having a frequency higher than that of the
external horizontal synchronizing signal as the modulated
horizontal synchronizing signal for a time period from a timing
wheﬂ a predetermined time is passed from the time point when the
trigger signal is delivered to the trigger.input terminal up to
a timing at whiéh a field discrimination signal included in the
external vertical synchronizing signal indicates start of one of
the odd field and the even field. .

14. The control apparatus for image pick—up apparatus as set
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forth in claim 12,

further comprising output request signal generating means
for generating an output request signal at a pfedetermined timing
based on the external vertical synchronizing signal after the
trigger signal is deiivered,

whereby the modulated horizontal synchronizing signal
generating means generates a signal having é frequency higher
than that of the external horizontal synchronizing signal as the
modulated horizontal synchronizing sighal for a time period from
a timing when a predetefmined time is passed from the time when
the trigger signal is delivered up to a timing at which the
output request.signal is delivered and a field discrimination
signal included in the external vertical synchronizing signal
indicates start of one of the odd field and the even field.
15. The control apparatus for image pick—up apparatus as set
forth in claim 12,

further comprising output_request signal generating means
-for generating an output request signal at a predetermined timing
based on the external vertical synchronizing signal after the
trigger signal is delivered,

whereby the modulated horizontal synchronizing signal
generating means generates a signal having a frequency higher
than that of the external horizontal synchronizing signal as the
modulated horizontal synchronizing signal for a time period from

a timing when a predetermined time is passed from the time when
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the trigger signal is delivered up to a timing at which the
output request signal is delivered and the external vertical
synchronizing signal indicates start of field existing at the

beginning.
16. A control system for controlling operation timings of an
image pick—up apparatus having an interline transfer type
solid-state image pick-up device including é light receiving
section for generating charges correspondiné to quantity of light
incident thereto, a vertical transfer section to which the
charges produced in the ligﬁt receiving section are transferred,
a horizontal transfer section for outputting the charges
transferred through the vertical transfer section, and a charge
sweep—-out section, and having an electronic shutter function to
éweep out the charges stored in the light receiving section into
the charge sweep—out section in accordance with an electronic
shutter control signal,

the system comprising:

external synchronizing signal generating means for
generating an external vertical synchronizing' signal and an
external horizohtal synchronizing signal;

a trigger signal input terminal supplied, from the external,
with a trigger signal for designating image pick-up of an object;

modulated synchronizing signal generating means responsive
to a timing based on the external vertical synchronizing signal

to generate a modulated horizontal synchronizing signal having
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a frequency higher than that of the external horizontal
synéhronizing signal, and to generate an output vertical
synchronizing signal based on the external vertical synchronizing
signal;

a modulated synchronizing signal output terminal for
outputting the modulated horizontal synchronizing signal and the
output vertical synchronizing signal to the image pick-up
apparatus;

a video signal input terminal supplied with a video signal
outputted from the image pick-up apparatus; and |

memory means for storing the video signal delivered to the
video signal input terminél at a timing based on the external
vertical synchronizing signal.

17. The control system for image pick-up apparatus as set forth
in claim 16,

wherein the modulated synchronizing signal generafing means
generates a signal having a frequency higher than that of the
external horizontal synchronizing signal as the modulated
horizontal synchronizing signal for a time period from a timing
when a predetermined time is passed from the . time Wﬁen the
trigger signal is delivered uﬁ to a timing at which a field
discrimination signal included in the external vertical
synchronizing signal indicates start of one of the odd field and
the even field.

18. The control system for image pick—up apparatus as set forth
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in claim 16,
further comprising output request signal generating means
for generating an output request signal at a predetermined timing
based on the external vertical synchronizing signal after the
trigger signal is deiivered,

-whereby the modulated horizontal synchronizing signal
generating_means generates a signal having Q frequency higher
than that of the external horizontal synchronizihg signal as the
modulated horizontal synchronizing signal for a time period from
a timing when a predetermined time is passed from the time point
when the trigger signal is delivered up to a timing at which the
output request signal is delivered and a discrimination signal
included in the external vertical synchronizing signal indicates
start of one of the odd field and the even field.

The control system for image pick—-up apparatus as set forth
"in claim 186,
further comprising output request signal generating means
for generating an output request signal at a predetermined timing
based on the external vertical synchronizing signal after the
trigger signal is delivered,
whereby the modulated horizontal synchronizing signal
generating means generates a signal having a frequency higher
than that of the external horizontal synchronizing signal as the
modulated horizontal synchronizing signal for a time period from

a timing when a predetermined time is passed from the time when



~

TELK

U

the trigger signal is delivered up to a timing at which the

81

output request signal is delivered and the external vertical
synchronizing signal indicates start of field existing at the

beginning.



