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DESCRIPTION 

Image Pick-up Apparatus and Imaging System 

Technical Field· 

This invention relates to an imaging (image picking up) 

system suitable used in a camera 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 a high speed. 

Background Art US!;°A~~S'O:Z,A 1 s(33) 
The applicant of this application has proposed/in the · 

Japanese Patent Application Laid Open No. 1i9776/1992, an image 

pick-up apparatus 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 FIG. l(b) 

outputted at the vertical blanking period VBLK during which a 

vertical blanking signal shown in FIG. l(a) is caused to be low 

level. The charge storage time of the CCD image sensor is 

controlled by a reset signal shown in FIG. l(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 into 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 sensor is stopped. By 

controlling the timing at which the reset signal is stopped, it 

is possible to control the charge storage time, i.e., the shutter 

.speed. 

Since the image pick-up apparatus can vary the shutter 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 object 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 to deliver, to a shutter signal 

generating circuit 204, a trigger signal which falls to low level 

at time tll 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 

ii:. 
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tll of FIG. 3(b). 

For a time period during which the shutter control signal 

is not active, the CCD control circuit 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 the circuit 206 is 

supplied with the reset signal, no charge is stored into 

respective pixels of t~e photoelectric converting section of the 

CCD image sensor 206. However, when the trigger signal is 

delivered, the circuit 205 stops the reset signal (al low 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 low level 

for a time period from time tll to time t12 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 tll 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 clock pulses 

depending upon circumstances) 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 from the time when the shutter 

control signal of H level (i.e., in active state) is delivered 

to the CCD image sensor 206 at the time tll of FIG. 3(b) up to 

the time when the read-out signal is delivered to the CCD image 

sensor 206 at time t13 of FIG. 3(e), charges corresponding to 

image pick-up light irradiated through an imaging lens will be 

stored. (accumulated) into the CCD image sensor 206. 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.g., 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 output 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 the 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 ef~ective 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. 

L.__ 
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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 apparatuses or video recording/reproducing 

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 image 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 sensor 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 generate 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 read 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. S(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 sect ions, 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 since 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 at 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 apparatus, their 

operations are required to be synchronized with video signals 

delivered thereto. 

However, in such video processing equipments, it is very 

difficult from a technical 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 

pick-up apparatus capable of controlling the timing at which a 

.... _ 
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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 capable 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 invention is to provide a 

control unit and a control system which are adapted to output 

video signals from an image pick-up apparatus in a manner 

synchro·nized with a synchronizing signal from an image taking-in 

unit. 

Disclosure of the Invention 

An image pick-up apparatus according to this invent ion 

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 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; electronic 

shutter signal generating means supplied with a trigger signal 

to generate the shutter control signal; read-out signal 

i.... 



...... ............ ...... ... ................ . . . 
... "" """"""" "" .. 
... .... "" .., w 

... ... ... ... .... ... ""... "' 

9 

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 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 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. 

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 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 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 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. 

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 

trigger signal is delivered, whereby the charge transfer starting 

means releases stop of vertical transfer of the effective 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. 

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 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 ha~ing 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 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; 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; 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 synchroiizing signal, with respect to a 

signal based on the charges 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 producing char~es 

corresponding to quantity of light incident thereto, a vertical 

transfer sect ion to which the charges produced in the 1 ight 

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 cont ro 1 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 synchronizing signal on the basis of 

the external vertical synchronizing 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 
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that of the internal horizontal synchroni~ing 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 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 

charges which have been read ·out to the 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 car~ying 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 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 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 first 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 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 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. 

An imaging system 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 produced in the 1 ight 

'--
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receiving section are transferred, a horizontal transfer section 

for out~utting 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 generating 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-up 

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 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 

synchronizing signal indicates start of one of the odd field and 

the even field. 

The imaging 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 after the trigger signal 

is delivered, whereby the modulated horizontal synchronizing 

signal generating means generates a signal having a frequency 
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higher tpan 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 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 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 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. 

This invention is directed to a control apparatus for 

controlling operation timings of an image pick-up apparatus 

having an inter! ine transfer type sol id-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 charges the 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, 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 terminal 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 the trigger input 

terminal up to a timing at which a field discrimination signal 

inclu~ed 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 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 control apparatus for image pick-up apparatus according 
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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 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. 

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 sect ion to which the charges produced in the 1 ight 

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 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 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; 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 supplied 

to the video 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 point when the trigger signal 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 addition, 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 
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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 start of field existing at the 

beginning. 

Brief Description of the ·Drawings 

FIG. 1 is a timing chart showing the operation of a 

conventional image pick-up apparatus. 

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

FIG. 10 is a block diagram showing a more practical 

configuration of a timing generator constituting the CCD camera. 

FIG. 11 is a block diagram showing a more practical 

configuration 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 

constituting control unit of the imaging system. 

FIG. 15 is a timing chart for explaining the operation of 

the modulated HD signal preparation sect ion cons ti tut ing the 

control unit. 

FIG. 16 is a timing chart for explaining the operation of 

the modulated HD signal preparation 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 

unit. 

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 timing 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 explaining the operation of 

the imaging system. 

FIG. 24 is a view for explaining positional shift of 

reproduction image in the 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 constituting 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 Out the Invention 

Preferred embodiments of this invention will now be 

described in detail with ref.erence to the attached drawings. 
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An imaging (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 2 reaches the 

front 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 signal 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 video 

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 tnereinto 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, C2 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 CS supplied with a trigger signal TRIG-IN 

based on detect ion of the moving object 2 from the posit ion 

sensor 3, and a terminal C6 delivering, to the CCD camera 10, a 

pulse width 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, ca 

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 unit 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 the terminals C7, ca to output the generated 

synchronizing signals SG-HD, SG-VD to the terminals Cl, C2, and 
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a modulated HD signal preparati.on 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 generating section 21 generates 

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 horizontal synchronizing signal TG-HD and a modulated 

vertical synchronizing signal TG-VD based on the synchronizing 

signals SG-HD, SG-VD and the write enable signal WE in accordance 

with the timing of the trigger signal TRIG-IN delivered from the 

terminal C5 to deliver them to the CCD camera 10 through the 

terminals C3, C4. Moreover, the modulated HD signal generating 

section 22 varies the frequency 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 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 delivered to the terminal C9. 
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The image taking-in unit 30 comprises, as shown in the FIG. 

7 mentioned above, terminals ClO, Cll for outputting external 

synchronizing signals EXT-HD, EXT-VD, a terminal Cl2 supplied 

with a video signal from the CCD camera 10, a terminal C13 for 

outputting the write enable s~gnal WE, a terminal C14 supplied 

with the above-described trigger signal TRIG-IN from the position 

sensor 3, a synchronizing signal generating section 31 for 

generating external synchronizing signals EXT-HD, EXT-VD, a 

memory 32 for storing the video signal delivered to the terminal 

C12, 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 C14 to deliver the 

generated write enable signal WE to the control unit 20 through 

the terminal C13. 

The synchronizing signal generating section 31 generates 

external horizontal synchronizing signal EXT-HD and external 

vertical synch~onizing .signal EXT-VD to deliver them to the 

memory 32, and to deliver them to the control unit 20 through the 

terminals ClO, Cll. The write enable signal preparation section 

33 generates write enable signal WE in accordance with the 

trigger signal TRIG-IN delivered to the terminal C14 to deliv.er 

it to the memory 32, and delivers it to the control unit 20 

through the terminal C13. The memo~y 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 the Interline Transfer (IT) type of a structure as shown in 

FIG. 8, for example. This IT type CCD image sensor 11 is 

composed of 1 ight receiving portions Bonn corresponding to 

respective pixels of the odd field, light receiving portions SBVBN 

corresponding to respective pixels of the even field, vertical 

transfer portions V~G to which charges stored in the respective 

1 ight receiving port ions Bonn• SBVRN are read out, and a horizontal 

transfer portion HMG for outputting, 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 1 ight receiving portions Bonn, SBVBN to there_by sweep out 

the charges stored in the respective light receiving portions 

Bonn• SBVBN into the substrate, thus to 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 po~tions of the CCD image sensor 11 are read out, 

a timing generator 13 which generates a signal for driving the 

vertical drive section 12, etc., 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 C6 to deliver it to the CCD image sensor 11. 

Moreover, the CCD camera 10 comprises switches 16a, 16b for 

carrying out switching between horizontal 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 

signal SG-HD and the vertical synchronizing signal SG-VD 

delivered from the terminals Cl, 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 processed as a video signal. 

This CCD camera 10 carries out switching of the 

above-mentioned switches 16a, 16b to thereby conduct switching 

between the ordinary operation mode for carrying out image 
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pick-up of moving picture on the basis of the internal 

synchronizing signals IT-HD, 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, C4. 

In more practical sense, the synchronizing signal generating 

section 17 generates internal synchronizing signals IT-HD, IT-VD 

from the horizontal synchronizing signal SG-HD delivered from the 

terminal Cl and the vertical synchronizing signal SG-VD delivered 

from the terminal C2 to deliver 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 ~ertical 

synchronizing signais TG-HD, TG-VD delivered to the terminals 

C3, C4 are d~livered 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 number of pulses of the modulated 

horizontal synchronizing signal TG-HD from the time point of 

start of exposure of the CCD image sensor 11 thereafter to form 

a read-out signal R02 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 sensor 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 R02. 

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 data 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 and the H-counter 136, and a decoder 138 

supplied with output of the H-counter 136. 

More particularly, the edge detecting circuit 131 ·is 

composed of cascade connected two 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 f al 1 ing edge to the data 

input terminal of the V-counter 132. In this example, the clock 

input terminal of the V-counter 132 is supplied with a decode 

output of the 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 the 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 

de 1 i ver, to the data input terminal of 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 i~ 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 

XVl, XV2, XV3, XV4, XSGl, XSG2, PG, Hl, H2 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 edge detection output is delivered to the respective reset 

terminals, and a gate 133E supplied with respective outputs Q, Q 

6f 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 the clock input 

terminal is supplied with a master clock 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 Nl, it de 1 i vers, to the clock input 

terminal of the flip-£ lop 133C, one .pulse A at the· time point 

where Nl number of pulses are counted as shown in FIG. 12(c) as 

its 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 (Nl < N2)-ary counter for 

counting the number of pulses of the master clock, wherein the 

clock 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 peri-0d of the edge 

detection output shown 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 are counted as shown in FIG. 12(e) as 

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

an output Ql 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 for.ms 
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an output pulse X as shown in FIG. 12(g) which rises after Nl 

number of pulses are counted from the timing of the falling of 

the edge detection output by the edge detecting 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, Ii' of the respective flip-flops 133C, 133D. 

In the H-counter · 136 of such a configuration, when the 

period of the edge detect ion output by the edge detecting circuit 

135 is shorter than the Nl (e.g., in the case where the count 

value of Nl is 40 and the period of the edge detection output is · 

· 4), outputs Q, D' of the respective flip-flops 133C, 133D are 

caused 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 supplied, at the clock terminal CK, with 

external vertical synchronizing signal EXT-VD and reset by the 

trigger signal TRIG-IN deliv·ered 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 C14 to deliver it to the memory 32, and to deiiver it 

to the control unit 20 through 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 in acc6rdance with the trigger signal TRIG-IN delivered 

to the terminal C5, flip-flops 42, 43 which 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 fourth (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 at 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 

sect ion 21 to deliver it as the modulated horizontal 

synchronizing signal TG-HD to the CCD camera 10 through the 

terminal C3 to thereby control 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 trigger 

signal TRIG-IN shown in FIG. 15(a). 

The flip-flop 42 is ordinarily supplied, at the reset 

terminal, with an output of high 1eve1 from the mono-mu! ti 

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

caused to be at high level. However, when the output "r.:> 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 Q .of the mono-multi 

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

a result, its output Q is ~aused 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 pulses generated by the mono-multi vibrators 45, 46 

in synchronism with the horizontal synchronizing signal SG-HD 

from the synchronizing signal generating section 21. Thus, a 

trigger signal TRG-OUT as shown in FIG. 15(g), for example, is 

formed, and this trigger signal TRl 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 Q 

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 period is completed (the trigger 

signal TRIG-IN becomes inactive) as shown in FIG. 15(f). 

An output of 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 terminal 

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 Pl 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 60. The 

mono-multi vibrator 60 adjusts the pulse width of output of the 

gate 50 to deliver the pulse width adjusted output of the gate 

50 to a switch 64. 

An output of the mono-multi vibrator 60 is delivered to the 

CCD camera 10 through switches 64, 65, 72 and terminal C3 as the 

modulated horizontal synchronizing signal TG-HD as shown in FIG. 

16 ( c) . 

Now, the signal relationship of the horizontal and vertical 

synchronizing signals SG-HD, SG-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 sect ion 21, 

and FIG. 17(d) shows the trigger signal TRIG-IN delivered from 

the position sensor 3. 

FIG. 17(e) shows 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 caused to be at high 

level. 

The output Pl of the above-described counter 51 is a pulse 

signal having higher frequency with respect to the horizontal 

synchronizing signal SG-HD from the synchronizing 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 Pl 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-flop 54. The flip-flop 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 th_e counter 56 and the CL/ 4 
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signal on the basis of output D of the flip-flop 54. The 

counters 56, 58 respectively allows signals inputted thereto to 

undergo frequency-division into 1/15. Namely, output P3 of the 

counter 58 becomes a signal obtained by allowing the CL/4 signal 

to undergo frequency-division into 1/15x15=225. 

An output of the counter 58 is ·delivered to the clock 

terminals of the flip-flops 62, 63. These flip-flops 62, 63 are 

supplied, at their reset terminals, 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 

(Tl+T2) 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 periods 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 camera 10 as modulated horizontal 

synchronizing signal TG-HD shown in FIG. 17(j) through switches 

65 and 72. 

Meanwhile, the frequency of the output P2 of the flip-flop 

54 shown in FIG. 17(g) is 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 P2 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 is 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 delivered from the position 

sensor 3, it generates 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 memory 32, and to deliver it 

to the modulated HD signal preparation section 22 of the control 

unit 20 through the terminal C9. 

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 external vertical synchronizing signal EXT-VD from the 

external synchronizing signal generating section 31 being as 

clock. Namely, output Pll of the flip-flop 34 is caused to be 

at low level for a time period from the time when the trigger 

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 Pll of the flip-flop 34. The write enable 

signal WE thus obtained i.s 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 supplied 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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generating section 21. The flip-flop 69 is reset by the write 

enable signal WE from the image taking-in unit 30 shown in FIG. 

19(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 shown in FIG. 19(f) is 

secondly caused to be at high level, i.e., is caused to have 

becomes ODD field and output 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 after 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 

logical product) output of output P7 of the. flip-flop 70 and 

output Q of the flip-flop 63, whereby when NAND output is caused 

to be at low level, it controls the switch 72 so that CL/4 signal 

is de 1 i vered to the terminal C3. Namely, for a time period 

during which output PB 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 as modulated 

horizontal synchronizing signal TG-HD. 

Moreover, FIG. 19(a) shows 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 CCD camera 10. 

Meanwhile, as described above, the timing generator 13 of 

the CCD camera 10 counts, by nine (9), the number of pulses of 

the 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 generator 13 forms read-out signal R02 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 R02 shown 

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. 20 (a) is 

delivered, it generates vertical transfer signals XVl, XV2, 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 transferred in a vertical 

direction by the well known four-phase drive system. 

In more practical sense, .the timing generator 13 counts, by 

44, clock pulses shown in FIG. 20(c) obtained by allowing 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 XVl to be at high level to further 

count, by 27, the number of pulses of the clock CL from this time 

point thereafter to allow the vertical transfer signal XVl 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 XVl 

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 vertical 

transfer s~ction of the CCD image sensor 11. FIG. 21(a) shows 

ordinary horizontal synchronizing signal SG-HD and FIG. 21(c) 

shows vertical transfer signal XVl. 

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 discrimination signal FLD after 

the write enable signal WE is delivered as shown in FIG. 19(k). 

The timing generator 13 starts generation of the vertical 

transfer signals XVl to XV4 at this timing to deliver the 

vertical transfer signals XVl 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 XV! to XV4 delivered thereto to output them as 

an image pick-up signal. Thus, 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 signal 

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 corresponding 

to the write enable signal WE from the image taking-in unit 30. 

In this example, as described above, this image pick-up 

apparatus detects moving object 2 by posit ion 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 signal TRIG-OUT to the CCD camera 10 through th~ 

terminal C6. 
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Moreover, as described above, the modulated HD signal 

preparation section 22 is operative so that when trigger signal 

TRIG-IN is delivered from the terminal C5, it generates modulated 

horizontal synchronizing signal TG-HD and modulated vertical 

synchroniz_ing signal TG-VD on the basis of external synchronizing 

signals EXT-HD, EXT-VD from the synchronizing signal generating 

section 21, and inserts, for the vertical transfer 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 R02 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 Vl 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 sequentially 

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 sect~on 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 delivered. For 

this reason, output of the image pick-up signal from the CCD 

image sensor 11 is started at this timing. Thus, video signal 

from the CCD camera 10 delivered to the image taking-in unit 30 

is outputted in synchronism 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 timing 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 normal 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. In more practical sense, it is sufficient that 

the flip-flop 68 is omitted ·in the modulated HD signal 

preparation section 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 signal 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 sensor 3 is shortened. 

In this case, FIG. 25(b) shows vertical synchronizing signal 

EXT-VD. 

As is clear from the foregoing description, 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 3Q 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 

of 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 ~enerated 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 may be composed of a 

synchronizing signal generating section 91 having a function 

similar to the above-described 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 95 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 synchronizing signal 

TG-HD. However, a signal delivered to the timing generator 13 

in order to stop transfer of charges in the vertical transfer 

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 signals Vl 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 unit 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 101 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 

modulated 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 CS and the modulated 

synchronizing signals TG-HD, TG-VD delivered to the terminals C3, 

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 necessity 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 camera 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, CS 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, a 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, CS 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 bas is 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 terminal C9 to deliver these modulated synchronizing 

signals TG-HD, TG-VD to the timing generator 13 through switches 

16a, 16b. 

When the CCD camera 120 of such a configuration is employed, 

the control 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 a 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-in unit 30 can securely take image thereinto. 

As described above, in accordance with this invention, it 

is possible to output an image pick-up signal· from the 

sol id-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 external equipment. Thus, the degree of freedom in use is 

improved. 

Moreover, in this~ invent ion, 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 invention, it is possible to control the 

timi~g 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 unit. 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 securely take 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: 

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

REPLACED 

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 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; 

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 1 ight 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 
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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 transfer starting means releases stop of the vertical 

transfer of the effective charges in 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 so as to start the vertical 

transfer of the effective charges. 

3. The image pick-up apparatus as set forth in 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 
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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 effective 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 

~ertical transfer of the effective charges. 

5. An image pick-up apparatus comprising: 

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 sect ion to which the charges produced in the· 1 ight 

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 vertic.al synchronizing signal and an 
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internal horizpntal synchronizing signal on the basis of the 

first verticai 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; 

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; 

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 sect ion 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 light receiving section for producing charges 

corresponding to quantity of light incident thereto, a vertical 

transfer section to which the charges PI'.Oduced in the 1 ight 

receiving section are transferred, a horizontal transfer section 

f.or 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; 

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 synchronizing signal on the basis of the 

external vertical synchronizing 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 generate an output vertical 

synchronizing signal based on the internal vertical synchronizing 



' 1111111 111111 11111 11111 " 1111 * C L M s * 
69 

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 the 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. 

7. An image pick-up apparatus comprising: 

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 sect ion to which the charges produced in the 1 ight 

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 

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 me,ans 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 synchronizing signal; 

drive signal generating means for generating, on the basis 

of the first vertical synchroninzing 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 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 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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8. An imaging system comprising: 

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 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; 

external 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, 

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 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; 
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electronic shutter signal generating means for generating 

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 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. 

9. The imaging system as set forth in claim 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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synchronizing signal indicates start of one of the odd field and 

the even field. 

io. 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 

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 

indicates 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 synchroniz~ng 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 at which the 

output request signal is delivered and the external vertical 

synchronizing signal indicates start of field existing at the 

beginning. 

12. A control apparatus for controlling operation timings of an 

image pick-up apparatus having an interline tran~fer 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 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 contr61 signal, 

the control apparatus comprising: 

an external synchronizing &ignal input terminal 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 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 
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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. 

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 

when 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 which 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 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 

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 



111111111111111111111111111111 
* C L M S * 

..... """""""" ...... .. .. .. . . .. . . .. -
• Ill ... ... ... ... .. ... """" "' 

78 

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 a light receiving 

section for generating charges corresponding to quantity of 1 ight 

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, 

the system comprising: 

external 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 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 

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 

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 terminal 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 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 

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 re.quest 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 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 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 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. 


