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(54) IMAGING SYSTEM

(57) An image pickup system comprises an image
pickup portion that outputs an electric signal obtained
from a plurality of pixels by photoelectric conversion as
image information; a transmission portion that transmits
the image information outputted by the image pickup por-
tion to outside; a reception portion that receives a syn-
chronization signal that is transmitted periodically from

outside; calculation means that carries out processing to
perform a predetermined calculation on a period of the
synchronization signal that the reception portion re-
ceives; and a transmission control portion that controls
the transmission portion based on a second synchroni-
zation signal that takes a value that is based on a calcu-
lation result of the calculation means as a period.
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Description

Technical Field

[0001] The present invention relates to an image pick-
up apparatus that is arranged at a distal end of an endo-
scope, and an image pickup system including an endo-
scope that includes the image pickup apparatus.

Background Art

[0002] Endoscopes that include an image pickup de-
vice have been widely used in medical fields and indus-
trial fields in recent years.
[0003] Technology is also known with which an endo-
scope system is constructed by detachably connecting
a signal processing apparatus that is referred to as a
"processor" to an endoscope, and causing the processor
to perform various kinds of signal processing relating to
the endoscope.
[0004] With respect to such kinds of endoscope sys-
tems, a configuration is also known in which synchroni-
zation signal generation means for controlling the display
of an endoscopic image is provided on a processor side,
while a generation portion for generating a synchroniza-
tion signal for operation of the image pickup device is
arranged in a distal end portion of an endoscope insertion
portion.
[0005] In the aforementioned configuration, means
that generates a synchronization signal for operation of
the image pickup device that is arranged in the distal end
portion of the endoscope insertion portion is equipped
with a function such that an external synchronization sig-
nal is inputted from a synchronization signal generation
portion on the processor side and an internal synchroni-
zation signal is caused to track the external synchroni-
zation signal.
[0006] In this case, a cable that connects the synchro-
nization signal generation means arranged in the distal
end of the endoscope insertion portion and the processor
extends over a comparatively long distance (see Japa-
nese Patent Application Laid-Open Publication No.
2009-45113 as an example of transmission of a synchro-
nization signal).
[0007] However, since the cable that connects the im-
age pickup device or the synchronization signal genera-
tion means arranged in the distal end of the endoscope
insertion portion and the processor extends over the
comparatively long distance, as described above, and
many noise sources such as an electric knife and the like
are disposed at positions close to the cable in a scene
of an operation using an endoscope apparatus, noise by
disturbance tends to be mixed in the cable and there is
concern about an influence that the transmitted synchro-
nization signal may be disturbed by the noise.
[0008] The present invention has been made in view
of the foregoing points and an object of the present in-
vention is to provide an image pickup apparatus that, in

a case where an external synchronization signal is input-
ted to the image pickup apparatus disposed at a distal
end of an endoscope and an internal synchronization sig-
nal is caused to track the external synchronization signal,
reduces an influence of mixing of noise by disturbance
in the inputted external synchronization signal.

Disclosure of Invention

Means for Solving the Problem

[0009] An image pickup system according to one as-
pect of the present invention includes: an image pickup
portion that outputs an electric signal obtained from a
plurality of pixels by photoelectric conversion as image
information; a transmission portion that transmits the im-
age information outputted by the image pickup portion to
outside; a reception portion that receives a synchroniza-
tion signal that is transmitted periodically from outside;
calculation means that carries out processing to perform
a predetermined calculation on a period of the synchro-
nization signal that the reception portion receives; and a
transmission control portion that controls the transmis-
sion portion based on a second synchronization signal
that takes a value that is based on a calculation result of
the calculation means as a period.

Brief Description of the Drawings

[0010]

Fig. 1 is a view that illustrates the overall configura-
tion of an image pickup system that includes an im-
age pickup apparatus according to a first embodi-
ment of the present invention.
Fig. 2 is a view that illustrates the configuration of an
electrical system in the image pickup system that
includes the image pickup apparatus according to
the first embodiment.
Fig. 3 is a view that illustrates an example of a syn-
chronization signal that is distorted by disturbance
according to the present invention.
Fig. 4 is a view that illustrates an example of process-
ing with respect to a synchronization signal that is
distorted by disturbance in an image pickup system
including an image pickup apparatus according to a
third embodiment of the present invention.

Best Mode for Carrying Out the Invention

[0011] Embodiments of the present invention are de-
scribed hereunder with reference to the drawings.

(First Embodiment)

[0012] As shown in Fig. 1, an image pickup system 1
including an image pickup apparatus according to a first
embodiment of the present invention includes: an endo-
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scope 2 that includes an image pickup device 100; a light
source apparatus 3 that is detachably connected to the
endoscope 2 and that supplies illuminating light to the
endoscope 2; a processor 4 as a signal processing ap-
paratus that is detachably connected to the endoscope
2 and carries out predetermined signal processing; and
a monitor 5 as a display apparatus that displays an image
signal generated by the processor 4 as an endoscopic
image.
[0013] The endoscope 2 includes an elongated inser-
tion portion 6 that is inserted into a body cavity, an oper-
ation portion 7 provided at a rear end of the insertion
portion 6, and a universal cord 8 that is extended from
the operation portion 7. The universal cord 8 branches
into a light guide cord 9 and a signal cord (signal cable)
10 in the vicinity of the proximal end thereof or partway
along the universal cord 8. A light source connector 11
at an end portion of the light guide cord 9 is detachably
connected to the light source apparatus 3. A signal con-
nector 12 at an end portion of the signal cord 10 is de-
tachably connected to the processor 4.
[0014] A light guide 13 that transmits illuminating light
is inserted through the inside of the insertion portion 6,
the operation portion 7, and the universal cord 8. By con-
necting the light source connector 11 to the light source
apparatus 3, illuminating light from the light source ap-
paratus 3 is transmitted by the light guide 13, and the
transmitted illuminating light is emitted from a light guide
distal end face that is mounted in an illuminating window
provided in a distal end portion 14 of the insertion portion
6. Note that a configuration may also be adopted in which
a connector in which the light source connector 11 and
the signal connector 12 are integrated is connected to
the light source apparatus 3, and signals of the signal
connector 12 are exchanged with the processor 4 by
means of a cable that connects the light source apparatus
3 and the processor 4.
[0015] An observation window (image pickup window)
is provided adjacent to the illuminating window in the dis-
tal end portion 14. An objective lens 15 that forms an
optical image of an object such as an illuminated dis-
eased part is mounted to the observation window. An
image pickup device (hereunder, abbreviated as "CIS")
100 constituted by, for example, a CMOS image sensor,
is arranged at an image-formation position of the objec-
tive lens 15.
[0016] The CIS 100 is connected to a connector 16
that is provided inside the signal connector 12 through
an integrated coaxial cable 101 that is inserted through
the inside of the insertion portion 6 and the universal cord
8, and the connector 16 is detachably connected to the
processor 4.
[0017] The processor 4 includes: an unshown power
supply circuit that generates a power supply having a
plurality of different power supply voltages required for
operations of the image pickup device and the like; a
signal processing circuit (not shown in Fig. 1) that carries
out predetermined signal processing with respect to an

image pickup signal that is outputted from the image pick-
up device; and a control circuit (not shown in Fig. 1) that
carries out control that includes control of the power sup-
ply circuit and the signal processing circuit.
[0018] Fig. 2 is a block diagram that illustrates the con-
figuration of an electrical system in an image pickup sys-
tem including the image pickup apparatus according to
the present embodiment.
[0019] The image pickup device (CIS) 100 according
to the present embodiment is constituted by a so-called
CMOS (complementary metal oxide semiconductor) im-
age sensor, and includes: a light receiving element 111
disposed at an image-formation position of the objective
lens 15; an AFE (analog front end) 112 that removes
noise from a signal that was outputted from the light re-
ceiving element 111 and digitizes the signal; a synchro-
nization superimposition circuit 113 that superimposes a
synchronization signal on a video signal that is the output
signal of the AFE 112; a P/S conversion circuit 114 for
converting the video signal to a serial signal for transmis-
sion and outputting the resulting signal to outside; a trans-
mission portion 115 for outputting the serial signal to out-
side; a reception portion 116 that receives a vertical syn-
chronization signal (VD) and the like from, for example,
the external processor 4; a VD calculation circuit 117 that
performs a predetermined calculation with respect to a
synchronization signal from outside (the vertical synchro-
nization signal (VD) received from the processor 4) that
the reception portion 116 receives in a predetermined
case; and a timing generator (TG) 118 that generates its
own synchronization signal in the CIS 100 and causes
its own synchronization signal to track an external syn-
chronization signal with respect to which a predetermined
calculation was performed by the VD calculation circuit
117, and supplies its own synchronization signal to re-
spective circuits as various synchronization signals in the
CIS 100.
[0020] Note that, in the present embodiment, a syn-
chronization signal that is generated at the timing gen-
erator (TG) 118 is taken as a first reference synchroni-
zation signal, and an external synchronization signal on
which a predetermined calculation is executed by the VD
calculation circuit 117 is taken as a second reference
synchronization signal.
[0021] The processor 4 includes: a reception portion
121 that receives a video signal (serial signal) having
video data that is transmitted from the CIS 100; an S/P
conversion circuit 122 that converts a video signal (serial
signal) on which a synchronization signal is superim-
posed that is received by the reception portion 121 to a
parallel signal; a signal processing portion 123 that per-
forms predetermined signal processing with respect to
the received video signal and outputs the resulting signal
to the monitor 5 or the like; a timing generator (TG) 125
that generates a vertical synchronization signal (VD) for
image processing at the processor 4 and supplies the
generated vertical synchronization signal (VD) to various
circuits; and a transmission portion 124 that transmits
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the vertical synchronization signal (VD) generated in the
processor 4 that is supplied from the timing generator
(TG) 125, to the CIS 100.
[0022] Further, although not shown in the drawings, in
addition to the above described circuits, the processor 4
also includes an unshown power supply circuit that gen-
erates a power supply having a plurality of different power
supply voltages required for operations of the image pick-
up device and the like, and circuits such as a control
circuit that carries out control of the power supply circuit
and the signal processing portion and the like.
[0023] The integrated coaxial cable 101 extends from
an output terminal of the CIS 100 in the insertion portion
6 and passes through the inside of the universal cord 8
and is detachably connected to the processor 4 through
the connector 16 provided inside the signal connector 12.
[0024] The integrated coaxial cable 101 is a cable that
connects the CIS 100 and the processor 4. Power that
is supplied to the CIS 100 is transmitted through the in-
tegrated coaxial cable 101, and a video signal (serial sig-
nal) on which a synchronization signal is superimposed
that is transmitted from the CIS 100 and a vertical syn-
chronization signal (VD) that is transmitted from the proc-
essor 4 and the like are also transmitted and received
through the integrated coaxial cable 101.
[0025] The integrated coaxial cable 101 is shielded by
a shield member that is formed by an exterior member
of the insertion portion 6. The shield member is electri-
cally connected to a shield member formed by an exterior
member of the operation portion 7, a shield member
formed by an exterior member of the universal cord 8,
and a shield member of the signal connector 12 and the
like.
[0026] Thus, in the present embodiment, although a
certain noise countermeasure is implemented in the in-
tegrated coaxial cable 101, there have been demands
for increasing reductions in the diameter of endoscopes
in recent years and consequently the diameters of the
cables themselves have also become thinner, and as a
result more advanced countermeasures are required
with respect to noise.
[0027] In addition, in a case, such as in the invention
of the present application, where a configuration is adopt-
ed in which the CIS 100 is disposed at a distal end of the
endoscope and it is necessary to transmit a synchroni-
zation signal thereto over a comparatively long distance
from the processor 4 side, measures that are more ad-
vanced than heretofore are demanded with respect to
countering the intrusion of noise that is caused by distur-
bance.
[0028] The invention of the present application reduc-
es the influence of the intrusion of noise that is caused
by disturbance as described above by means of the so-
lution described below.
[0029] Fig. 3 is a view that illustrates an example of a
synchronization signal that is distorted by disturbance
according to the present invention.
[0030] In the first embodiment, a vertical synchroniza-

tion signal (VD) is generated at the timing generator (TG)
125 in the processor 4, and is transmitted to the CIS 100
through the integrated coaxial cable 101. As shown in
Fig. 3, in this case, there is a risk that, in the vertical
synchronization signal (VD) that is transmitted through
the integrated coaxial cable 101, a period of a part of the
synchronization signal will be distorted by the influence
of noise that is caused by disturbance.
[0031] With respect to this situation, the VD calculation
circuit 117 detects periods of the relevant external syn-
chronization signal (vertical synchronization signal (VD))
that are sequentially received by the reception portion
116, and performs a calculation that applies a low-pass
filter on the time axis with respect to the detected periods
to determine an average value. In addition, the VD cal-
culation circuit 117 outputs a vertical synchronization sig-
nal (VD) that is based on the determined average value
to the timing generator (TG) 118 as a second reference
synchronization signal.
[0032] The timing generator (TG) 118 causes the syn-
chronization signal (first reference synchronization sig-
nal) generated by itself to track the vertical synchroniza-
tion signal (VD) with respect to which the calculation was
performed by the VD calculation circuit 117, and supplies
the synchronization signal to various circuits.
[0033] In the present embodiment, the aforementioned
average value is calculated as described hereunder.
[0034] That is, when an nth received period of a syn-
chronization signal among k periods of the synchroniza-
tion signal that are sequentially detected in the VD cal-
culation circuit 117 is taken as a period (Tn), an average
value (Tave) according to the present embodiment is de-
termined as a moving average value, that is: 

where i = 1 to k.
[0035] As described above, according to the image
pickup system including the image pickup apparatus of
the first embodiment, even when noise that is caused by
disturbance mixes into the vertical synchronization signal
(VD) that is transmitted from the processor side and a
period of the synchronization signal is distorted, the in-
fluence of the distortion can be reduced.

(Second Embodiment)

[0036] Although an image pickup system including an
image pickup apparatus of a second embodiment of the
present invention has a similar configuration to the above
described first embodiment, a calculation technique at
the VD calculation circuit 117 is different from the first
embodiment. Since the remaining configuration is the
same as that of the first embodiment, a detailed descrip-
tion thereof is omitted here.
[0037] In the present embodiment, the VD calculation
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circuit 117 detects periods of the relevant external syn-
chronization signal (vertical synchronization signal (VD))
that are sequentially received by the reception portion
116, and performs a calculation that determines a weight-
ed average value with respect to the detected periods.
[0038] Thereafter, similarly to the first embodiment, the
VD calculation circuit 117 outputs a vertical synchroni-
zation signal (VD) that is based on the determined aver-
age value as a second reference synchronization signal
to the timing generator (TG) 118, and the timing generator
(TG) 118 causes the synchronization signal (first refer-
ence synchronization signal) generated by itself to track
the vertical synchronization signal (VD) with respect to
which the calculation was performed by the VD calcula-
tion circuit 117, and supplies the synchronization signal
to various circuits.
[0039] In the present embodiment, when determining
a weighted average value, a weighting that is applied to
a period (Tn) is set based on a difference value (deviation
amount) between the relevant period (Tn) and the imme-
diately preceding past average value (Tave).
[0040] Note that the stability of the average value
(Tave) is increased by adjusting the weighting coefficient
so as to have a negative correlation with respect to a
difference value between the past average value (Tave)
and the period (Tn).
[0041] In the image pickup system including the image
pickup apparatus according to the second embodiment
described above also, similarly to the foregoing embod-
iment, even when noise that is caused by disturbance
mixes into the vertical synchronization signal (VD) that
is transmitted from the processor side and a period of
the synchronization signal is distorted, the influence of
the distortion can be reduced.

(Third Embodiment)

[0042] Although an image pickup system including an
image pickup apparatus of a third embodiment of the
present invention has a similar configuration to the above
described first embodiment, a calculation technique at
the VD calculation circuit 117 is different from the first
embodiment. Since the remaining configuration is the
same as that of the first embodiment, a detailed descrip-
tion thereof is omitted here.
[0043] Fig. 4 is a view that illustrates an example of
processing performed with respect to a synchronization
signal that is distorted by disturbance in the image pickup
system including an image pickup apparatus according
to the third embodiment of the present invention.
[0044] In the third embodiment, similarly to the above
described first embodiment, a vertical synchronization
signal (VD) is generated at the timing generator (TG) 125
of the processor 4, and the vertical synchronization signal
(VD) is transmitted to the CIS 100. The VD calculation
circuit 117 detects periods of the relevant external syn-
chronization signal (vertical synchronization signal (VD))
that are sequentially received by the reception portion

116, and performs a calculation that determines an av-
erage value in a similar manner to the first embodiment
by applying a low-pass filter on the time axis with respect
to the detected periods.
[0045] In this case, when performing the relevant cal-
culation, if a synchronization signal has been received in
which a time difference exists that is equal to or greater
than a predetermined threshold value with respect to the
current average value, the VD calculation circuit 117 de-
termines that a spurious signal that is caused by intrusion
of noise due to disturbance was inputted, and ignores
the calculation (excludes the calculation result) that was
performed with respect to the relevant received signal,
and continues with the next calculation.
[0046] Thereafter, the VD calculation circuit 117 out-
puts a vertical synchronization signal (VD) based on the
determined average value as a second reference syn-
chronization signal to the timing generator (TG) 118, and
the timing generator (TG) 118 causes the synchroniza-
tion signal (first reference synchronization signal) gener-
ated by itself to track the vertical synchronization signal
(VD) with respect to which the calculation was performed
by the VD calculation circuit 117, and supplies the syn-
chronization signal to various circuits.
[0047] In the third embodiment that is described above
also, similarly to the first embodiment, even when noise
that is caused by disturbance mixes into the vertical syn-
chronization signal (VD) that is transmitted from the proc-
essor side and the synchronization signal period is dis-
torted, the influence of the distortion can be reduced.
[0048] Note that although the foregoing embodiments
describe a case of an image pickup system in which
means that generates a synchronization signal for image
pickup control is included in a CMOS image sensor that
is arranged at a distal end of an endoscope insertion
portion, the present invention is not limited thereto. For
example, the present invention can also be applied to an
image pickup system including an endoscope in which a
so-called CCD is arranged at a distal end of an endo-
scope insertion portion, and means that generates a syn-
chronization signal for image pickup control is arranged
in proximity to the CCD.
[0049] The present invention is not limited to the above
described embodiments, and various changes and alter-
ations can be made within a range that does not depart
from the spirit and scope of the present invention, and
an embodiment that is configured by partially combining
the above described embodiments or the like also be-
longs to the present invention.
[0050] The present application is filed claiming the pri-
ority of Japanese Patent Application No. 2012-045822
filed in Japan on March 1, 2012, and the above described
disclosure is incorporated by reference in the present
description, claims and drawings.
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Claims

1. An image pickup system, comprising:

an image pickup portion that outputs an electric
signal obtained from a plurality of pixels by pho-
toelectric conversion as image information;
a transmission portion that transmits the image
information outputted by the image pickup por-
tion to outside;
a reception portion that receives a synchroniza-
tion signal that is transmitted periodically from
outside;
calculation means that carries out processing to
perform a predetermined calculation on a period
of the synchronization signal that the reception
portion receives; and
a transmission control portion that controls the
transmission portion based on a second syn-
chronization signal that takes a value that is
based on a calculation result of the calculation
means as a period.

2. The image pickup system according to claim 1,
wherein the calculation means determines an aver-
age value of periods of the synchronization signal
that the reception portion receives.

3. The image pickup system according to claim 2,
wherein:

with respect to the synchronization signal that
the reception portion receives, the calculation
means performs low-pass filtering on a time axis
on periods of the synchronization signal to de-
termine the average value.

4. The image pickup system according to claim 2,
wherein:

the calculation means determines a weighted
average of the periods of the synchronization
signal that the reception portion receives, and
when determining the weighted average value,
changes a weighting based on a deviation
amount between a period of an arbitrary syn-
chronization signal and an immediately preced-
ing average value.

5. The image pickup system according to claim 1,
wherein:

in a case where a calculation result with respect
to the synchronization signal exceeds a prede-
termined range, the calculation means excludes
a value that is based on the calculation result.

6. The image pickup system according to claim 2,

wherein:

in a case where a calculation result with respect
to the synchronization signal exceeds a prede-
termined range, the calculation means excludes
a value that is based on the calculation result.

7. The image pickup system according to claim 3,
wherein:

in a case where a calculation result with respect
to the synchronization signal exceeds a prede-
termined range, the calculation means excludes
a value that is based on the calculation result.

8. The image pickup system according to claim 4,
wherein:

in a case where a calculation result with respect
to the synchronization signal exceeds a prede-
termined range, the calculation means excludes
a value that is based on the calculation result.
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