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LIGHT SOURCE DEVICE, ENDOSCOPE
SYSTEM, AND OPERATION METHOD FOR
LIGHT SOURCE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C §
119(a) to Japanese Patent Application No. 2021-143857
filed on 3 Sep. 2021. The above application is hereby
expressly incorporated by reference, in its entirety, into the
present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a light source
device, an endoscope system, and an operation method for
the light source device capable of automatically switching
and emitting a plurality of pieces of illumination light
having different spectra.

2. Description of the Related Art

[0003] In the field of endoscopes in recent years, a plu-
rality of pieces of illumination light having different spectra
are automatically switched and emitted by using semicon-
ductor light sources of a plurality of colors such as light
emitting diodes (LEDs), and image pick-up is performed
every emission of each piece of illumination light. For
example, in WO2018/211600A, a red LED, a green LED, a
blue LED, and the like are used as an illumination unit, and
illumination light including a green wavelength band and a
plurality of pieces of illumination light including a wave-
length band different from green are sequentially switched at
a predetermined interval to illuminate a subject.

SUMMARY OF THE INVENTION

[0004] Inrecentyears, a CMOS type image pick-up sensor
is being used as an image pick-up sensor for picking up an
image of an observation target. Since the CMOS type image
pick-up sensor performs charge reading for each line, in a
case where a plurality of pieces of illumination light are
switched as described above, none of the pieces of illumi-
nation light are emitted in order to avoid color mixing or
image distortion when switching the pieces of illumination
light. In this case, when a semiconductor light source is used
to emit illumination light, it is necessary to perform switch-
ing control for turning the semiconductor light source from
a turned-off state to a turned-on state. However, depending
on the performance of the switching control, a specific time
(rise time for lighting) is required until a necessary amount
of light can be emitted from the semiconductor light source
switched to a turned-on state. As described above, depend-
ing on a length of the rise time for lighting, a tint required
for image display may not be obtained.

[0005] The present invention provides a light source
device, an endoscope system, and an operation method for
the light source device capable of instantaneously emitting
a necessary amount of light from a semiconductor light
source that has been switched to a turned-on state in a case
where the semiconductor light source in a turned-off state is
switched to a turned-on state.

[0006] According to an aspect of the present invention,
there is provided a light source device including a plurality
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of semiconductor light sources, a pseudo load connected to
each of the semiconductor light sources, and a light source
processor, in which, in a case where the plurality of semi-
conductor light sources are controlled such that first illumi-
nation light and second illumination light having different
spectra are automatically switched and emitted according to
a specific emission pattern, the light source processor causes
a current having a light emission period current value for
emitting the first illumination light or the second illumina-
tion light to flow through the semiconductor light source in
a first light emission period for emitting the first illumination
light or a second light emission period for emitting the
second illumination light, and causes a current having a light
non-emission period current value for applying a VF voltage
to flow through the pseudo load in a light non-emission
period that is provided between the first light emission
period and the second light emission period, or between the
second light emission periods and in which the first illumi-
nation light and the second illumination light are not emit-
ted.

[0007] It is preferable that the light source processor
monitors whether or not the VF voltage is applied to the
pseudo load, and based on the monitoring result, and con-
trols the current having the light non-emission period current
value such that a voltage corresponding to the VF voltage is
applied to the pseudo load on the basis of a result of the
monitoring. It is preferable that the light source processor
determines the VF voltage on the basis of an amount of light
emitted from the semiconductor light source in the first light
emission period or the second light emission period. It is
preferable that the VF voltage is applied to the semiconduc-
tor light source at a timing at which the light non-emission
period is switched to the first light emission period or a
timing at which the light non-emission period is switched to
the second light emission period.

[0008] The specific emission pattern is preferably any of a
first light emission pattern in which the first illumination
light is emitted in each first light emission period and the
second illumination light having the same spectrum is
emitted in each second light emission period, a second light
emission pattern in which the first illumination light is
emitted in each first light emission period and the second
illumination light having a different spectrum is emitted in
each second light emission period, or a third light emission
pattern in which the first illumination light is emitted in each
first light emission period and the second illumination light
having a different spectrum is sequentially emitted in the
same second light emission period. The plurality of semi-
conductor light sources preferably include a V-LED, a
B-LED, a G-LED, or an R-LED.

[0009] According to another aspect of the present inven-
tion, there is provided an endoscope system including the
above light source device; and an endoscope having a
CMOS type image pick-up sensor that sequentially reads
accumulated electric charge based on the first illumination
light or the second illumination light for each line in the light
non-emission period.

[0010] According to still another aspect of the present
invention, there is provided an operation method for a light
source device including a plurality of semiconductor light
sources, a pseudo load connected to each of the semicon-
ductor light sources, and a light source processor, the
operation method including causing the light source proces-
sor, in a case where the plurality of semiconductor light
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sources are controlled such that first illumination light and
second illumination light having different spectra are auto-
matically switched and emitted according to a specific
emission pattern, to execute a step of causing a current
having a light emission period current value for emitting the
first illumination light or the second illumination light to
flow to the semiconductor light source in a first light
emission period for emitting the first illumination light or a
second light emission period for emitting the second illu-
mination light; and a step of causing a current having a light
non-emission period current value for applying a VF voltage
to flow through the pseudo load in a light non-emission
period that is provided between the first light emission
period and the second light emission period, or between the
second light emission periods and in which the first illumi-
nation light and the second illumination light are not emit-
ted.

[0011] It is preferable that the light source processor
further executes a step of monitoring whether or not the VF
voltage is applied to the pseudo load, and a step of control-
ling the current having the light non-emission period current
value such that a voltage corresponding to the VF voltage is
applied to the pseudo load on the basis of a result of the
monitoring.

[0012] According to the present invention, in a case where
the semiconductor light source in a turned-off state is
switched to a turned-on state, the semiconductor light source
switched to the turned-on state can instantaneously emit
light having a necessary amount of light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1 is a schematic diagram of an endoscope
system.
[0014] FIG. 2 is a block diagram showing a function of the

endoscope system.

[0015] FIG. 3 is an explanatory diagram showing a first
light emission pattern.

[0016] FIG. 4 is an explanatory diagram showing a second
light emission pattern.

[0017] FIG. 5 is an explanatory diagram showing a third
light emission pattern.

[0018] FIG. 6 is an explanatory diagram showing an
exposure period and a read period of an image pick-up
sensor.

[0019] FIG. 7 is an explanatory diagram showing a rela-
tionship between the first light emission pattern and the
exposure period and the read period of the image pick-up
sensor.

[0020] FIG. 8A is an explanatory diagram showing light
emission and light non-emission of a V-LED in the present
embodiment, and FIG. 8B is an explanatory diagram show-
ing light emission and light non-emission of a V-LED
having a specific time as a rise time for lighting.

[0021] FIG. 9 is a block diagram showing a function of a
light source unit.

[0022] FIG. 10 is a block diagram showing a function of
a VLED drive unit.

[0023] FIG. 11 is an explanatory diagram showing a
current flow having a light emission period current value.
[0024] FIG. 12 is an explanatory diagram showing a
current flow having a light non-emission period current
value.

[0025] FIG. 13 is a flowchart showing a series of flows in
a multi-light emission mode.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0026] As shown in FIG. 1, an endoscope system 10
includes an endoscope 12, a light source device 13, a
processor device 14, a display 15, and a user interface 16.
The endoscope 12 is optically or electrically connected to
the light source device 13 and electrically connected to the
processor device 14.

[0027] The endoscope 12 has an insertion part 12a, an
operating part 125, a bendable part 12¢, and a tip part 12d.
The insertion part 12a is inserted into the body of a subject.
The operating part 125 is provided at a base end portion of
the insertion part 12a. The bendable part 12¢ and the tip part
124 are provided on a tip end side of the insertion part 124.
The bendable part 12¢ is bent by operating an angle knob
12e of the operating part 125. The tip part 124 is directed in
a desired direction in a case where the bendable part 12¢ is
bent. A forceps channel (not shown) for inserting a treatment
tool or the like is provided from the insertion part 12a to the
tip part 12d. The treatment tool is inserted into the forceps
channel from a forceps port 12;.

[0028] Inside the endoscope 12, an optical system for
forming a subject image and an optical system for irradiating
a subject with illumination light are provided. The operating
part 125 is provided with an angle knob 12e, a mode selector
switch 12f; a still image acquisition instruction switch 124,
and a zoom operating part 12i. The mode selector switch 12f°
is used for an observation mode switching operation. The
still image acquisition instruction switch 12/ is used for an
instruction for acquiring a still image of a subject. The zoom
operating part 127 is used for an operation of enlarging or
reducing an observation target.

[0029] The light source device 13 generates illumination
light. The processor device 14 performs system control on
the endoscope system 10 and further performs image pro-
cessing or the like on an image signal transmitted from the
endoscope 12 to generate a medical image or the like. The
display 15 displays a medical image transmitted from the
processor device 14. The user interface 16 includes a key-
board, a mouse, a microphone, a tablet terminal, a touch pen,
and the like, and receives input operations such as function
settings.

[0030] InFIG.2, the light source device 13 includes a light
source unit 20 and an optical path coupling unit 22. The light
source unit 20 has a plurality of semiconductor light sources,
and turns on or off each thereof. In a case where a plurality
of semiconductor light sources are turned on, illumination
light that illuminates a subject is emitted by controlling an
amount of light emitted from each semiconductor light
source. The light source unit 20 includes four color LEDs
such as a violet light emitting diode (V-LED) 20q, a blue
light emitting diode (B-LED) 205, and a green light emitting
diode (G-LED) 20c¢, and a red light emitting diode (R-LED)
20d. The light source unit 20 may be built in the endoscope
12.

[0031] The V-LED 20a generates violet light V having a
central wavelength of 40510 nm and a wavelength range of
380 to 420 nm. The B-LED 205 generates blue light B
having a central wavelength of 45010 nm and a wavelength
range of 420 to 500 nm. The G-LED 20c¢ generates green
light G having a wavelength range of 480 to 600 nm. The
R-LED 20d generates red light R having a central wave-
length of 620 to 630 nm and a wavelength range of 600 to
650 nm.
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[0032] Light emitted by each of the LEDs 20a to 204 is
incident to a light guide 23 via the optical path coupling unit
22 configured with a mirror, a lens, and the like. The light
guide 23 propagates the light from the optical path coupling
unit 22 to the tip part 124 of the endoscope 12.

[0033] An illumination optical system 30 and an image
pick-up optical system 32 are provided at the tip part 12d of
the endoscope 12. The illumination optical system 30 has an
illumination lens 31, and the illumination light propagated
by the light guide 23 is applied to a subject via the illumi-
nation lens 31. On the other hand, in a case where the light
source unit 20 is built in the tip part 124 of the endoscope
12, light is emitted toward a subject via the illumination lens
of the illumination optical system without using the light
guide.

[0034] The image pick-up optical system 32 includes an
objective lens 35, a zoom lens 36, and an image pick-up
sensor 37. Light from a subject due to irradiation with the
illumination light is incident to the image pick-up sensor 37
via the objective lens 35 and the zoom lens 36. Conse-
quently, an image of the subject is formed on the image
pick-up sensor 37. The zoom lens 36 is a lens for enlarging
the subject and is moved between the telephoto end and the
wide end by operating the zoom operating part 12i.

[0035] The image pick-up sensor 37 is a primary color
sensor, and includes three types of pixels such as a blue pixel
(B pixel) having a blue color filter, a green pixel (G pixel)
having a green color filter, and a red pixel (R pixel) having
a red color filter.

[0036] The image pick-up sensor 37 is preferably a
charge-coupled device (CCD) or a complementary metal
oxide semiconductor (CMOS). In the present embodiment,
a CMOS type image pick-up sensor is used as the image
pick-up sensor 37, but a CCD type image pick-up sensor
may be used. The image pick-up processor 38 controls the
image pick-up sensor 37. Specifically, an image signal is
output from the image pick-up sensor 37 by the image
pick-up processor 38 reading a signal of the image pick-up
sensor 37. The output image signal is transmitted to the
processor device 14.

[0037] The processor device 14 has a medical image
acquisition unit 40, an image processing unit 41, a display
control unit 42, a brightness information calculation unit 43,
a light amount instruction value calculation unit 44, and a
central control unit 45. In the processor device 14, the
central control unit 45 configured with an image control
processor operates the program in the program memory (not
shown) to realize the functions of the medical image acqui-
sition unit 40, the image processing unit 41, the display
control unit 42, the brightness information calculation unit
43, and the light amount instruction value calculation unit
44.

[0038] The medical image acquisition unit 40 acquires an
image signal from the endoscope 12 as an image signal for
a medical image. The image processing unit 41 performs
various types of signal processing such as a defect correction
process, an offset process, a demosaic process, a matrix
process, white balance adjustment, a gamma conversion
process, and a YC conversion process on the image signal
acquired by the medical image acquisition unit 40. Next,
image processing including a 3x3 matrix process, a grada-
tion transformation process, a color conversion process such
as three-dimensional look up table (LUT) processing, a
color emphasis process, and a structure emphasis process
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such as spatial frequency emphasis is performed to generate
a color medical image. The display control unit 42 displays
the medical image generated by the image processing unit
41 on the display 15.

[0039] The brightness information calculation unit 43 cal-
culates brightness information indicating the brightness of
an observation target from the image signal acquired by the
medical image acquisition unit 40. Specifically, the bright-
ness information is calculated by performing arithmetic
processing for brightness information such as an average
value calculation process or a maximum value calculation
process on pixel values of the image signal. The light
amount instruction value calculation unit 44 calculates a
light amount instruction value for giving a light amount in
the light source unit 20 on the basis of a target light amount
set in advance and the brightness information calculated by
the brightness information calculation unit 43. Specifically,
a difference value between the target light amount and the
brightness information is calculated, and a light amount
instruction value is calculated corresponding to the differ-
ence value. The calculated light amount instruction value is
transmitted to the light source device 13.

[0040] Next, details of light amount control and image
pick-up control will be described. The endoscope system 10
includes a mono-light emission mode and a multi-light
emission mode as light emission modes for emitting illumi-
nation light. By operating the mode selector switch 12f; the
light emission modes can be switched via the central control
unit 45. The mono-light emission mode is a mode in which
illumination light having the same spectrum is continuously
applied to illuminate an observation target. The multi-light
emission mode is a mode in which a plurality of pieces of
illumination light having different spectra are applied while
being switched therebetween according to a specific pattern
to illuminate a subject.

[0041] The illumination light includes first illumination
light 1.1 and second illumination light [.2 having a spectrum
different from that of the first illumination light. The first
illumination light [1 is preferably used for screening obser-
vation by giving brightness to the entire subject. The second
illumination light [.2 is preferably used to emphasize a
specific structure such as a duct or a blood vessel of a
mucous membrane that is a subject. In the mono-light
emission mode, either the first illumination light or the
second illumination light is emitted. In the multi-light emis-
sion mode, the first illumination light and the second illu-
mination light are switched and emitted according to a
specific pattern.

[0042] The first illumination light L1 is preferably light
having a wide band such as white light. The second illumi-
nation light [.2 is preferably includes, for example, second
illumination light L.2SP that emphasizes a superficial blood
vessel, second illumination light 1.2SQ that emphasizes a
polar superficial blood vessel shallower than a superficial
blood vessel, second illumination light [.2SR for generating
an oxygen saturation image using a difference in a light
absorption coefficient of an oxidized hemoglobin and a
reduced hemoglobin, and second illumination light L.2SS for
generating a color difference expanded image in which a
color difference between a plurality of subject ranges is
expanded. These four types of second illumination light
L2SP, 1.2SQ, L2SR, and [.2SS have different spectra.
[0043] In the light source device 13, light amounts of the
violet light V, the blue light B, the green light G, and the red
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light R of four colors are independently controlled, the light
amounts are changed, and the first illumination light L1 or
the second illumination light L2 (for example, the second
Ilumination light [.2SP, the second illumination light L.2SQ,
the second illumination light [.2SR, and the second illumi-
nation light L.2SS) are emitted. Light emission control of the
mono-light emission mode and the multi emission mode in
the light source device 13 is performed by a light source
processor (not shown).

[0044] In the case of the mono-light emission mode,
illumination light having the same spectrum is continuously
emitted for each frame. For example, a first illumination
light image is displayed on the display 15 by illuminating a
subject with the first illumination light for each frame and
picking up an image of the subject. A second illumination
light image is displayed on the display 15 by illuminating the
subject with the second illumination light for each frame and
picking up an image of the subject. The frame is a unit of a
period including at least a period from the timing of light
emission to the completion of reading an image signal in the
image pick-up sensor 37.

[0045] In the multi-light emission mode, each LEDs 20a
to 20d is controlled to automatically switch between the first
illumination light and the second illumination light accord-
ing to a specific emission pattern and to emit light. Specifi-
cally, control is performed such that amounts of the violet
light V, the blue light B, the green light G, and the red light
R are changed for each specific frame F according to a
specific light emission pattern.

[0046] An example of the light emission pattern is given
below. For example, in a first light emission pattern, as
shown in FIG. 3, a pattern is repeated in which the first
illumination light [.1 for two frames is emitted in a first light
emission period Pel for illuminating the subject with the
first illumination light L1, and the second illumination light
L2 for one frame is emitted in a second light emission period
Pe2 for illuminating the subject with the second illumination
light 1.2. In the first light emission pattern, the same second
illumination light L2SP is emitted in each second light
emission period Pe2. In the figure, the arrow indicates the
direction in which time advances. In the first light emission
pattern, the first illumination light [.1 having a different
spectrum may be emitted in each first light emission period
Pel (the same applies to the second light emission pattern
and a third light emission pattern that will be described
below).

[0047] In a second light emission pattern, as shown in
FIG. 4, a pattern is repeated in which the first illumination
light L1 for two frames is emitted in the first light emission
period Pel and the second illumination light L2 for one
frame is emitted in the second light emission period Pe2. In
this case, in each second light emission period Pe2, the
second illumination light .2 having a different spectrum is
emitted. Specifically, in the second light emission period
Pe2, the second illumination light L2SP and the second
illumination light [.2SQ are alternately emitted.

[0048] Inthe third light emission pattern, as shown in FIG.
5, a pattern is repeated in which the first illumination light
L1 for one frame is emitted in the first light emission period
Pel and the second illumination light L.2 for four frames is
emitted in the second light emission period Pe2. In this case,
in the second light emission period Pe2, as the second
illumination light 1.2, the second illumination light L.2SP, the
second illumination light 1.2SQ, the second illumination
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light [.2SR, and the second illumination light [.2SS having
different spectra are automatically switched and emitted for
each frame. In the third light emission pattern, four types of
second illumination light [.2 having different spectra are
switched and emitted, but a plurality of types of second
illumination light other than the four types may be switched
and emitted.

[0049] Next, image pick-up control for the image pick-up
sensor 37 will be described. As shown in FIG. 6, the image
pick-up processor 38 exposes the image pick-up sensor 37 to
illumination light from an observation target during an
exposure period Ps, and sequentially reads accumulated
electric charge for each line of the image pick-up sensor 37
during a read period Pr. In the present embodiment, since a
CMOS is used as the image pick-up sensor 37, a diagonal
line SL representing the read period Pr represents the time
for reading the electric charge from a first line LN1 to a last
line LNn. Since the image pick-up sensor 37 has a specific
time period as the read period, in the multi-light emission
mode, the first illumination light I.1 or the second illumi-
nation light [.2 is not emitted in order to prevent mixing of
colors other than a color of illumination light to be read or
image distortion in each read period.

[0050] As shown in FIG. 7, in the first light emission
mode, the image pick-up sensor 37 is exposed to the first
illumination light [.1 emitted in the first light emission
period Pel during a first exposure period Ps1 as the exposure
period Ps, and after the first exposure period Psl, electric
charge corresponding to the first illumination light [.1 is read
during a first read period Prl as the read period Prl. During
the first read period Prl, the first illumination light L1 or the
second illumination light L2 is not emitted. After the first
read period Prl, the image pick-up sensor 37 is exposed to
the second illumination light [.2 emitted in the first light
emission period Pel during a second exposure period Ps2 as
the exposure period Ps, and after the second exposure period
Ps2, electric charge corresponding to the second illumina-
tion light [.2 is read during a second read period Pr2 as the
read period Pr. During the second read period Pr2, the first
illumination light L1 or the second illumination light 1.2 is
not emitted. As for the second light emission mode and the
third light emission mode, the same exposure and image
pick-up control as in the first light emission mode is per-
formed. The first exposure period and the second light
emission period may be the same or different, and the second
exposure period and the second light emission period may
be the same or different.

[0051] In the multi-light emission mode, as described
above, emission and non-emission of the first illumination
light L1 and the second illumination light [.2 are repeated.
In the present embodiment, in order to eliminate color
mixing or image distortion, in the light source unit 20 of the
light source device 13, external switching units (a pseudo
load switching unit 54 and a light emission control switching
unit 55) are provided for the V-LED 20aq (refer to below for
details). Consequently, as shown in FIG. 8A, emission and
non-emission of the first illumination light .1 and the
second illumination light [.2 are instantaneously switched,
and the first illumination light 1.1 or the second illumination
light .2 is emitted only during the exposure period. The rise
time for lighting means the time until a light amount of the
first illumination light .1 or the second illumination light
reaches a necessary intensity LM. FIGS. 8A and 8B show a
case of the first light emission mode.
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[0052] In a case of switching between emission and non-
emission of the first illumination light [.1 and the second
illumination light [.2 without using an external switching
unit such as the light source unit 20 of the present embodi-
ment, as shown in FIG. 8B, a rise time Ts for lighting of the
first illumination light L1 or the second illumination light [.2
is required for a specific time, and a light amount that is
necessary during the exposure period is insufficient, and thus
it is difficult to stabilize a tint of an image. In this case, the
rise time for lighting requires a time (several ms) of 10% or
more of the exposure period.

[0053] As shown in FIG. 9, the light source unit 20
includes an LED integration control unit 48, a VLED drive
unit 50a controlling the drive of the V-LED 20a, a BLED
drive unit 506 controlling the drive of the B-LED 2054, a
GLED drive unit 50¢ controlling the drive of the G-LED
20c¢, and an RLED drive unit 504 controlling the drive of the
R-LED 20d.

[0054] In the light source unit 20, programs related to
various processes are stored in a program memory (not
shown). Functions of the LED integration control unit 48,
the VLED drive unit 50q, the BLED drive unit 505, the
GLED drive unit 50¢, and the RLED drive unit 504 are
realized by the light source processor in the light source unit
20 executing the programs in the program memory. Along
with this, as will be described later, functions of a VLED
current setting unit 51, a VLED driver 52, a pseudo load 53,
a pseudo load switching unit 54, a light emission control
switching unit 55, and a VF voltage monitoring unit 58 are
also realized.

[0055] The LED integration control unit 48 is composed
of a field programmable gate array (FPGA), and calculates
an amount of light emitted by each of the LEDs 20a to 204
on the basis of a light amount instruction value from the
processor device 14. Specifically, a light amount of each
LEDs 20a to 204 is set such that a total amount of light
emitted by each LEDs 20a to 204 becomes the light amount
instruction value. In the multi-light emission mode, the LED
integration control unit 48 generates a light emission control
signal for causing each of the LEDs 20a to 204 to emit or not
to emit light on the basis of each light emission mode (first
to third light emission modes) of the multi-light emission
mode set by the processor device 14.

[0056] Specifically, the LED integration control unit 48
turns on the light emission control signal at a timing at which
the light non-emission period is ended and the first or second
light emission period is started in the multi-light emission
mode, and turns off the light emission control signal at a
timing at which the first or second light emission period is
ended and the light non-emission period is ended. The first
to third light emission modes are set by operating the user
interface 16.

[0057] As shown in FIG. 10, the VLED drive unit 50a
includes a VLED current setting unit 51, a VLED driver 52,
a pseudo load 53, a pseudo load switching unit 54, a light
emission control switching unit 55, and a VF voltage moni-
toring unit 58. The pseudo load 53 and the pseudo load
switching unit 54 are connected to a connection line 60
connecting the VLED driver 52 to the V-LED 20a, and the
pseudo load switching unit 54 is grounded by GND. The
V-LED 20qa is connected to the light emission control
switching unit 55, and the light emission control switching
unit 55 is grounded by GND. The pseudo load switching unit
54 and the light emission control switching unit 55 are
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connected to the LED integration control unit 48, and can
receive an ON or OFF light emission control signal from the
LED integration control unit 48. Since the BLED drive unit
505, the GLED drive unit 50¢, and the RLED drive unit 504
are the same as the VLED drive unit 50a, detailed descrip-
tion and illustration thereof are omitted.

[0058] The VLED current setting unit 51 sets a light
emission period current value required to emit a light
amount of the V-LED 204 calculated by the LED integration
control unit 48 in the first light emission period or the second
light emission period of the multi-light emission mode. As
shown in FIG. 11, the VLED driver 52 performs control such
that a current having the light emission period current value
flows through the V-LED 20a during the light emission
period from the time when the light emission control switch-
ing unit 55 receives an ON light emission control signal to
the time when an OFF light emission control signal is
received.

[0059] The light emission control switching unit 55 is
preferably composed of a field effect transistor (FET). The
light non-emission period is preferably provided between
the first exposure period and the second exposure period, or
between the second light emission periods. It is preferable
that the light non-emission period and the first read period
match each other, and it is also preferable that the light
non-emission period and the second read period match each
other. The light emission period current value includes a
current value for the first light emission period determined
on the basis of an amount of the first illumination light and
a current value for the second light emission period deter-
mined on the basis of an of the second illumination light.
[0060] The VLED current setting unit 51 sets a light
non-emission period current value required for causing a
current corresponding to VF (forward voltage) to flow to the
pseudo load 53 in the light non-emission period of the
multi-light emission mode. The VF voltage is preferably
determined by at least a light amount of the V-LED 20a
calculated by the LED integration control unit 48 (an
amount of light emitted by the V-LED 20« in the exposure
period). It is preferable to determine the VF voltage in
consideration of the characteristics of the V-LED 20a.

[0061] Asshown in FIG. 12, the VLED driver 52 performs
control such that a current having the light non-emission
period current value flows through the pseudo load 53
during the light non-emission period from the time when the
pseudo load switching unit 54 receives an OFF light emis-
sion control signal and the time when an ON light emission
control signal is received. Consequently, during the light
non-emission period, a voltage corresponding to VF is
applied to the pseudo load 53 connected to the connection
line 60 connected to the V-LED 20qa. At a timing at which
the light non-emission period is switched to the first light
emission period or a timing at which the light non-emission
period is switched to the second light emission period, the
voltage corresponding to VF is also instantaneously applied
to the V-LED 20a. Consequently, the V-LED 20a can be
turned on immediately without requiring a rise time. The
pseudo load switching unit 54 is also preferably composed
of an FET.

[0062] The VF voltage monitoring unit 58 is connected to
the connection line 60, and monitors whether or not the
voltage corresponding to VF is applied to the pseudo load 53
at least during the light non-emission period. A result of the
monitoring is transmitted to the VLED driver 52, and the
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VLED driver 52 controls a current having the light non-
emission period current value such that the voltage corre-
sponding to the VF is applied to the pseudo load 53 at least
during the light non-emission period. The VF voltage moni-
toring unit 58 may also perform monitoring during the first
light emission period or the second light emission period.
[0063] Next, a series of flows in light emission control in
the multi-light emission mode will be described with refer-
ence to a flowchart of FIG. 13. When a mode is switched to
the multi-light emission mode, the first light emission period
is started, a current having a light emission period current
value for emitting the first illumination light flows through
each of the LEDs 20a to 204, and thus the first illumination
light is emitted. When the first light emission period is
ended, the period is switched to the light non-emission
period in which each of the LEDs 20a to 204 is turned off.
[0064] During the light non-emission period, a current
having a light non-emission period current value for apply-
ing the VF voltage to the pseudo load flows through the
pseudo load 53. Consequently, a voltage corresponding to
VF is applied to a pseudo load (the pseudo load 53 in the
case of V-LED 20a) connected to the connection line
connected to each of the LEDs 20a to 204. When the light
non-emission period is ended to be switched to the second
light emission period, a current having a light emission
period current value for emitting the second illumination
light flows through each of the LEDs 20a to 20d. At this
timing, a voltage corresponding to VF, which is the same as
that of the pseudo load connected via the connection line for
each LEDs 20a to 204, is applied to each of the LEDs 20a
to 20d. Consequently, immediately after switching to the
second light emission period, light having e necessary light
amount is emitted from each of the LEDs 20a to 20d. After
the second light emission period is ended, the period is
switched to the light non-emission period in the same
manner as described above. As long as the multi-light
emission mode is continued, the above control is repeatedly
performed.

[0065] In the above embodiment, hardware structures of
processing units executing various processes, such as the
medical image acquisition unit 40, the image processing unit
41, the display control unit 42, the brightness information
calculation unit 43, the light amount instruction value cal-
culation unit 44, the LED integration control unit 48, the
VLED drive unit 50a, and the BLED drive unit 505, the
GLED drive unit 50¢, the RLED drive unit 504, the VLED
current setting unit 51, the VLED driver 52, and the VF
voltage monitoring unit 58 are various processors as
described below. The various processors include a program-
mable logic device (PLD), that is a processor of which a
circuit configuration can be changed after manufacturing,
such as a central processing unit (CPU), a graphical pro-
cessing unit (GPU), or a field programmable gate array
(FPGA) that is a general-purpose processor that executes
software (programs) and functions as various processing
units, a dedicated electric circuit that is a processor having
a circuit configuration specially designed to execute various
processes, and the like.

[0066] One processing unit may be configured with one of
these various processors, or may be configured with a
combination of two or more processors of the same type or
different types (for example, a plurality of FPGAs, a com-
bination of a CPU and an FPGA, or a combination of a CPU
and a GPU). A plurality of processing units may be config-
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ured by one processor. As an example of configuring a
plurality of processing units with one processor, first, there
is a form in which one processor is configured by a com-
bination of one or more CPUs and software, as typified by
a computer used for a client or a server, and this processor
functions as a plurality of processing units. Second, as
typified by system on chip (SoC), there is a form in which
a processor that realizes functions of the entire system
including a plurality of processing units with one integrated
circuit (IC) chip is used. As described above, the various
processing units are configured by using one or more of the
above various processors as a hardware structure.

[0067] The hardware structure of these various processors
is, more specifically, an electric circuit (circuitry) in which
circuit elements such as semiconductor elements are com-
bined. A hardware structure of the storage unit is a storage
device such as a hard disk drive (HDD) or a solid state drive
(SSD).

EXPLANATION OF REFERENCES

[0068] 10: endoscope system

[0069] 12: endoscope

[0070] 12a: insertion part

[0071] 12b: operating part

[0072] 12c¢: bendable part

[0073] 124: tip part

[0074] 12e: angle knob

[0075] 12f mode selector switch
[0076] 12/: still image acquisition instruction switch
[0077] 12i: zoom operating part
[0078] 12;: forceps port

[0079] 13: light source device
[0080] 14: processor device

[0081] 15: display

[0082] 16: user interface

[0083] 20: light source unit

[0084] 20a: V-LED

[0085] 206: B-LED

[0086] 20c: G-LED

[0087] 20d: R-LED

[0088] 22: optical path coupling unit
[0089] 23: light guide

[0090] 30 illumination optical system

[0091] 31: illumination lens

[0092] 32: image pick-up optical system

[0093] 35: objective lens

[0094] 36: zoom lens

[0095] 37: image pick-up sensor

[0096] 38: image pick-up processor

[0097] 40: medical image acquisition unit

[0098] 41: image processing unit

[0099] 42: display control unit

[0100] 43: brightness information calculation unit

[0101] 44: light amount indication value calculation
unit

[0102] 45: central control unit

[0103] 48: LED integration control unit

[0104] 50a: VLED drive unit

[0105] 505: BLED drive unit

[0106] 50c: GLED drive unit

[0107] 50d4: RLED drive unit

[0108] 51: VLED current setting unit
[0109] 52: VLED driver

[0110] 53: pseudo load
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[0111] 54: pseudo load switching unit

[0112] 55: light emission control switching unit

[0113] 58: VF voltage monitoring unit

[0114] 60: connection line

[0115] L1: first illumination light

[0116] L2, L2SP, L28SQ, L2SR, L2SS: second illumi-
nation light

[0117] Pel: first light emission period

[0118] Pe2: second light emission period

[0119] Ps1: first exposure period

[0120] Ps2: second exposure period

[0121] Prl: first read period

[0122] Pr2: second read period

What is claimed is:

1. A light source device comprising:

a plurality of semiconductor light sources;

a pseudo load connected to each of the semiconductor
light sources; and

a light source processor configured to:

control the plurality of semiconductor light sources such
that first illumination light and second illumination
light having different spectra are automatically
switched and emitted according to a specific emission
pattern;

cause a current having a light emission period current
value for emitting the first illumination light or the
second illumination light to flow through the semicon-
ductor light source in a first light emission period for
emitting the first illumination light or a second light
emission period for emitting the second illumination
light; and

cause a current having a light non-emission period current
value for applying a VF voltage to flow through the
pseudo load in a light non-emission period that is
provided between the first light emission period and the
second light emission period, or between the second
light emission periods and in which the first illumina-
tion light and the second illumination light are not
emitted.

2. The light source device according to claim 1, wherein

the light source processor is further configured to:

monitor whether or not the VF voltage is applied to the
pseudo load; and

control the current having the light non-emission period
current value such that the VF voltage is applied to the
pseudo load on the basis of a result of the monitoring.

3. The light source device according to claim 1, wherein

the light source processor is further configured to deter-
mine the VF voltage on the basis of an amount of light
emitted from the semiconductor light source in the first
light emission period or the second light emission
period.

4. The light source device according to claim 1, wherein

the VF voltage is applied to the semiconductor light
source at a timing at which the light non-emission
period is switched to the first light emission period or
a timing at which the light non-emission period is
switched to the second light emission period.

5. The light source device according to claim 1, wherein

the specific emission pattern is any of

a first light emission pattern in which the first illumination
light is emitted in each first light emission period and
the second illumination light having the same spectrum
is emitted in each second light emission period,
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a second light emission pattern in which the first illumi-
nation light is emitted in each first light emission period
and the second illumination light having a different
spectrum is emitted in each second light emission
period, or

a third light emission pattern in which the first illumina-
tion light is emitted in each first light emission period
and the second illumination light having a different
spectrum is sequentially emitted in the same second
light emission period.

6. The light source device according to claim 1, wherein

the plurality of semiconductor light sources include a
V-LED, a B-LED, a G-LED, or an R-LED.

7. An endoscope system comprising:

the light source device according to claim 1; and

an endoscope having a CMOS type image pick-up sensor
that sequentially reads accumulated electric charge
based on the first illumination light or the second
illumination light for each line in the light non-emis-
sion period.

8. An operation method for a light source device including

a plurality of semiconductor light sources, a pseudo load
connected to each of the semiconductor light sources, and a
light source processor, the operation method comprising:

causing the light source processor to execute, in a case
where the plurality of semiconductor light sources are
controlled such that first illumination light and second
illumination light having different spectra are automati-
cally switched and emitted according to a specific
emission pattern,

a step of causing a current having a light emission period
current value for emitting the first illumination light or
the second illumination light to flow through the semi-
conductor light source in a first light emission period
for emitting the first illumination light or a second light
emission period for emitting the second illumination
light; and

a step of causing a current having a light non-emission
period current value for applying a VF voltage to the
pseudo load in a light non-emission period that is
provided between the first light emission period and the
second light emission period, or between the second
light emission periods and in which the first illumina-
tion light and the second illumination light are not
emitted.

9. The operation method for a light source device accord-

ing to claim 8, further comprising:

causing the light source processor to execute

a step of monitoring whether or not the VF voltage is
applied to the pseudo load; and

a step of controlling the current having the light non-
emission period current value such that the VF voltage
is applied to the pseudo load on the basis of a result of
the monitoring.

10. The operation method for an endoscope system

according to claim 8, wherein

the specific emission pattern is any of

a first light emission pattern in which the first illumination
light is emitted in each first light emission period and
the second illumination light having the same spectrum
is emitted in each second light emission period,

a second light emission pattern in which the first illumi-
nation light is emitted in each first light emission period
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and the second illumination light having a different
spectrum is emitted in each second light emission
period, or

a third light emission pattern in which the first illumina-
tion light is emitted in each first light emission period
and the second illumination light having a different
spectrum is sequentially emitted in the same second
light emission period.

#* #* #* #* #*
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