
Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
63

2 
29

1
A

1
*EP003632291A1*

(11) EP 3 632 291 A1
(12) EUROPEAN PATENT APPLICATION

published in accordance with Art. 153(4) EPC

(43) Date of publication: 
08.04.2020 Bulletin 2020/15

(21) Application number: 18806828.2

(22) Date of filing: 16.02.2018

(51) Int Cl.:
A61B 1/00 (2006.01) A61B 1/06 (2006.01)

G02B 23/26 (2006.01)

(86) International application number: 
PCT/JP2018/005475

(87) International publication number: 
WO 2018/216276 (29.11.2018 Gazette 2018/48)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD TN

(30) Priority: 22.05.2017 JP 2017100738

(71) Applicant: Sony Corporation
Tokyo 108-0075 (JP)

(72) Inventors:  
• MURAMATSU, Hirotaka

Tokyo 108-0075 (JP)
• YAMAGUCHI, Takashi

Tokyo 108-0075 (JP)

(74) Representative: D Young & Co LLP
120 Holborn
London EC1N 2DY (GB)

(54) OBSERVATION SYSTEM AND LIGHT SOURCE CONTROL APPARATUS

(57) To provide an observation system and a light
source control apparatus capable of more efficiently gen-
erating observation light to be used for special observa-
tion different from normal observation, and enabling the
special observation to be more efficiently performed.

An observation system includes: a plurality of light
sources that emits light of different wavelength bands
that can be combined to generate white light; an optical

system that irradiates an observation object with first light
that includes light emitted from some of the plurality of
light sources; an imaging device that captures an image
of the observation object irradiated with the first light; and
a light source control unit that controls the quantity of the
first light on the basis of the luminance of a pixel corre-
sponding to a predetermined wavelength band in the cap-
tured image.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an observa-
tion system and a light source control apparatus.

BACKGROUND ART

[0002] In recent years, an observation system which
includes a light source and an imaging device for observ-
ing a living body is widely used in the medical field and
the like. Examples of the observation system include an
endoscope and a microscope.
[0003] For example, in such an observation system,
an observation object is irradiated with white light to cap-
ture an observation image similar to observation with the
naked eye (also referred to as normal observation). In
addition, a fluorescent substance that is likely to accu-
mulate in a specific tissue is administered to the obser-
vation object to enable observation of the specific tissue
emphasized with the fluorescence of the fluorescent sub-
stance (also referred to as special observation).
[0004] For example, Patent Document 1 below disclos-
es a biological observation system that modulates the
wavelength of light emitted from a white lamp light source
to an observation object by using a rotary filter including
multiple optical filters that only transmit respective spe-
cific wavelength bands different from each other. The
biological observation system rotates the rotary filter in
synchronization with imaging timing to obtain each of a
red image, a green image, and a blue image correspond-
ing to RGB signals.

CITATION LIST

PATENT DOCUMENT

[0005] Patent Document 1: Japanese Patent No.
5308815

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] However, the biological observation system dis-
closed in Patent Document 1 described above is low in
energy efficiency in generating observation light. This is
because the biological observation system uses a wave-
length band partially taken out from wide-band white light.
Furthermore, the rotary filter including various optical fil-
ters and the rotation control mechanism of the rotary filter
are likely to be complicated in the biological observation
system. Thus, the biological observation system tends
to be large.
[0007] Therefore, the present disclosure proposes a
new and improved observation system and a light source
control apparatus capable of more efficiently generating

observation light to be used for special observation dif-
ferent from normal observation, and enabling the special
observation to be more efficiently performed.

SOLUTIONS TO PROBLEMS

[0008] According to the present disclosure, there is
provided an observation system including: a plurality of
light sources that emits light of different wavelength
bands that can be combined to generate white light; an
optical system that irradiates an observation object with
first light that includes light emitted from some of the plu-
rality of light sources; an imaging device that captures
an image of the observation object irradiated with the first
light; and a light source control unit that controls the quan-
tity of the first light on the basis of the luminance of a
pixel corresponding to a predetermined wavelength band
in the captured image.
[0009] Furthermore, according to the present disclo-
sure, there is provided a light source control apparatus
including: a light source control unit that controls the
quantity of first light to be applied to an observation object
on the basis of the luminance of a pixel corresponding
to a predetermined wavelength band in a captured image
of the observation object, in which the first light includes
light emitted from some of a plurality of light sources that
emits light of different wavelength bands that can be com-
bined to generate white light.
[0010] According to the present disclosure, it is possi-
ble to generate light of a specific wavelength band to be
used for special observation, by using light emitted from
some of a plurality of light sources that emits light that
can be combined to generate white light. Furthermore, it
is possible to obtain a captured image with less variation
in luminance in special observation by controlling the
quantity of light of a specific wavelength band on the basis
of the luminance of a pixel of the captured image at the
time of special observation.

EFFECTS OF THE INVENTION

[0011] As described above, according to the present
disclosure, it is possible to more efficiently generate ob-
servation light to be used for special observation different
from normal observation, and to perform the special ob-
servation more efficiently.
[0012] Note that the above-described effect is not nec-
essarily restrictive, and any of the effects set forth in the
present specification or another effect that can be derived
from the present specification may be achieved together
with or instead of the above-described effect.

BRIEF DESCRIPTION OF DRAWINGS

[0013]

Fig. 1 is an explanatory diagram showing a config-
uration example of an observation system according
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to an embodiment of the present disclosure.
Fig. 2 is a graph showing time-division irradiation
with white light for normal observation and special
light for special observation.
Fig. 3 is a flowchart describing an example of oper-
ation in the observation system according to the em-
bodiment.
Fig. 4 is a graph showing an example of a control
pattern of observation light in the observation system
according to the embodiment.
Fig. 5 is a graph showing an example of the control
pattern of observation light in the observation system
according to the embodiment.
Fig. 6 is a graph showing an example of the control
pattern of observation light in the observation system
according to the embodiment.
Fig. 7 is a graph showing an example of the control
pattern of observation light in the observation system
according to the embodiment.
Fig. 8 is a schematic diagram showing a specific con-
figuration example of the observation system ac-
cording to the embodiment.

MODE FOR CARRYING OUT THE INVENTION

[0014] A preferred embodiment of the present disclo-
sure will be described in detail below with reference to
the accompanying drawings. Note that in the present
specification and the drawings, the same reference signs
are assigned to constituent elements having substantial-
ly the same functional configurations, and redundant de-
scription will be thus omitted.
[0015] Note that descriptions will be provided in the
following order.

1. Configuration Example of Observation System
2. Operation Example of Observation System
3. Control Patterns of Observation Light

3.1. First Control Pattern
3.2. Second Control Pattern
3.3. Third Control Pattern
3.4. Fourth Control Pattern

4. Specific Example of Observation System
5. Supplementary Notes

<1. Configuration Example of Observation System>

[0016] First, a configuration example of an observation
system according to an embodiment of the present dis-
closure will be described with reference to Fig. 1. Fig. 1
is an explanatory diagram showing a configuration ex-
ample of an observation system 1 according to an em-
bodiment of the present disclosure.
[0017] As shown in Fig. 1, the observation system 1
includes, for example, a lighting device 1100 and an im-
aging device 1200. Together therewith, Fig. 1 also shows

an observation object 1500 to be irradiated with obser-
vation light output from the lighting device 1100. The ob-
servation system 1 according to the present embodiment
can be applied to an imaging system for medical use,
such as an endoscope system and a microscope system.
[0018] In the observation system 1 according to the
present embodiment, it is possible to generate each of
white light for normal observation and special light for
special observation, and thus possible to obtain, as an
observation image, a captured image of the observation
object 1500 irradiated with either white light or special
light.
[0019] Normal observation refers to an observation
method for observing the observation object 1500 in a
tone close to that of observation with the naked eye under
natural light by irradiating the observation object 1500
with white light. For example, it is possible to perform
normal observation by irradiating the observation object
1500 with white light and observing the white light reflect-
ed from the observation object 1500. The white light is
obtained as a result of combining light of different wave-
length bands emitted from a plurality of light sources.
[0020] Meanwhile, special observation refers to an ob-
servation method that enables the structure of a specific
living tissue to be observed more clearly, or enables a
specific living tissue to be distinguished from other living
tissues, by irradiating the observation object 1500 with
light of a specific wavelength band. For example, it is
possible to perform special observation as follows. A flu-
orescent substance or the like is administered to the ob-
servation object 1500. The fluorescent substance or the
like selectively acts on a specific living tissue. After the
administration of the fluorescent substance or the like,
the observation object 1500 is irradiated with excitation
light of the fluorescent substance, so that fluorescence
emitted from the fluorescent substance is observed. In
other words, special light for special observation is light
in a wavelength band that is narrower than the wave-
length band of white light, and includes the excitation
wavelength of the fluorescent substance administered to
the observation object 1500. For example, light emitted
from some of the plurality of light sources for generating
white light can form such special light for special obser-
vation.
[0021] The lighting device 1100 includes a plurality of
light sources (a red light source 220R, a green light
source 220G, and a blue light source 220B), drive circuits
(a red light source drive circuit 221R, a green light source
drive circuit 221G, and a blue light source drive circuit
221B), an optical system 200, and a control unit 1120.
The plurality of light sources emits light of different wave-
length bands. The drive circuits drive the plurality of light
sources. The optical system 200 combines the light emit-
ted from the plurality of light sources.
[0022] Hereinafter, the red light source 220R, the
green light source 220G, and the blue light source 220B
are also collectively referred to as light sources 220. In
addition, the red light source drive circuit 221R, the green
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light source drive circuit 221G, and the blue light source
drive circuit 221B are also collectively referred to as drive
circuits 221.
[0023] The light sources 220 are multiple light sources
that emit light of different wavelength bands. The respec-
tive wavelength bands of the light sources 220 are se-
lected such that white light is generated as a result of
combining the light emitted from the light sources 220.
The light sources 220 may be, for example, the red light
source 220R, the green light source 220G, and the blue
light source 220B.
[0024] Each of the light sources 220 may include a
laser light source. Unlike a lamp light source such as a
xenon lamp or a halogen lamp, it is possible to control
the quantity of light to be emitted from a laser light source,
by controlling a drive current or drive voltage to be ap-
plied. In a case where each of the light sources 220 in-
cludes a laser light source, the lighting device 1100 can
control the light quantity and the like of the light sources
220 more rapidly and precisely.
[0025] For example, the red light source 220R may be
a red laser light source that emits laser light in a red band
(for example, a center wavelength of approximately 638
nm). More specifically, the red light source 220R may be
a semiconductor laser such as a GaInP quantum well
structure laser diode that emits light in a wavelength band
of 630 nm to 645 nm. The green light source 220G may
be a green laser light source that emits laser light in a
green band (for example, a center wavelength of approx-
imately 532 nm). More specifically, the green light source
220G may be a semiconductor laser that has been wave-
length-converted by wavelength conversion elements
such as a phosphor and a nonlinear optical element so
as to emit light in a wavelength band of 510 nm to 540
nm. The blue light source 220B may be a blue laser light
source that emits laser light in a blue band (for example,
a center wavelength of approximately 450 nm). More
specifically, the blue light source 220B may be a semi-
conductor laser such as a GaInN quantum well structure
laser diode that emits light in a wavelength band of 435
nm to 465 nm.
[0026] Note that the wavelength bands of the respec-
tive light sources 220 are not limited to a combination of
the red band, the green band, and the blue band de-
scribed above as long as white light can be generated
as a result of combining light from the light sources 220.
For example, the wavelength bands of the respective
light sources 220 may be a combination of a yellow band
and a blue band, or may be a combination of a red band,
a green band, a blue band, and a yellow band.
[0027] Each of the drive circuits 221 drives correspond-
ing one of the light sources 220 on the basis of a drive
instruction generated by the control unit 1120. Specifi-
cally, each of the drive circuits 221 includes a circuit ca-
pable of adjusting a drive current for corresponding one
of the light sources 220. The drive circuits 221 may be,
for example, the red light source drive circuit 221R, the
green light source drive circuit 221G, and the blue light

source drive circuit 221B. For example, the red light
source drive circuit 221R, the green light source drive
circuit 221G, and the blue light source drive circuit 221B
function as follows. The red light source drive circuit 221R
drives the red light source 220R on the basis of a drive
instruction generated by the control unit 1120. The green
light source drive circuit 221G drives the green light
source 220G on the basis of a drive instruction generated
by the control unit 1120. The blue light source drive circuit
221B drives the blue light source 220B on the basis of a
drive instruction generated by the control unit 1120.
[0028] The optical system 200 combines red light,
green light, and blue light respectively emitted from the
red light source 220R, the green light source 220G, and
the blue light source 220B to generate white light 300 for
normal observation. Furthermore, the optical system 200
combines light emitted from some of the red light source
220R, the green light source 220G, and the blue light
source 220B to generate special light for special obser-
vation.
[0029] For example, the special light for special obser-
vation may be any of the red light, green light, or blue
light respectively emitted from the red light source 220R,
the green light source 220G, or the blue light source
220B. Alternatively, the special light for special observa-
tion may be light obtained as a result of combining light
emitted from some of the light sources 220 at any given
light quantity ratio. Light emitted from some of the red
light source 220R, the green light source 220G, and the
blue light source 220B forms special light for special ob-
servation. Therefore, the special light for special obser-
vation is light in a wavelength band narrower than that
of the white light 300.
[0030] The optical system 200 includes, for example,
a mirror 201 and dichroic mirrors 203 and 205.
[0031] For example, the red light emitted from the red
light source 220R is reflected by the mirror 201 to enter
the dichroic mirror 203. Note that the mirror 201 may be
a dichroic mirror that reflects red light and transmits light
of a wavelength outside the wavelength band of red light.
[0032] The dichroic mirror 203 reflects green light and
transmits light of a wavelength outside the wavelength
band of green light. The green light emitted from the
green light source 220G is reflected by the dichroic mirror
203 to enter the dichroic mirror 205. Meanwhile, the red
light passes through the dichroic mirror 203. Thus, the
red light having passed through the dichroic mirror 203
is combined with the green light reflected by the dichroic
mirror 203 to enter the dichroic mirror 205.
[0033] The dichroic mirror 205 is a mirror that reflects
blue light and transmits light of a wavelength outside the
wavelength band of blue light. The blue light emitted from
the blue light source 220B is reflected by the dichroic
mirror 205. Meanwhile, the red light and the green light
pass through the dichroic mirror 205. Thus, the red light
and the green light having passed through the dichroic
mirror 205 are combined with the blue light reflected by
the dichroic mirror 205 to form the white light 300. As a
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result, light emitted from the respective light sources 220
can be combined to generate the white light 300 in the
optical system 200. For example, the combined white
light 300 is guided by a light guide member, such as an
optical fiber, to be applied to the observation object 1500.
[0034] The control unit 1120 is an arithmetic process-
ing unit that controls the driving of each of the light sourc-
es 220 (the red light source 220R, the green light source
220G, and the blue light source 220B). Specifically, the
control unit 1120 calculates a drive current to be applied
to each of the light sources 220, on the basis of a target
light quantity. Then, the control unit 1120 outputs a drive
instruction based on the calculated drive current to each
of the drive circuits 221 (the red light source drive circuit
221R, the green light source drive circuit 221G, and the
blue light source drive circuit 221B).
[0035] For example, the control unit 1120 may store in
advance the correlation between the drive current for
each of the light sources 220 and the quantity of light to
be emitted from each of the light sources 220 by the drive
current, and calculate each drive current for achieving
the target light quantity on the basis of the correlation.
Furthermore, the optical system 200 may include a pho-
todetector that splits light emitted from each of the light
sources 220 and detects the split light. The control unit
1120 can determine the quantity of light actually emitted
by each of the light sources 220 from the quantity of light
detected by the photodetector. It is thus possible to output
a drive instruction to each drive circuit such that the quan-
tity of light from each of the light sources 220 is equal to
the target light quantity.
[0036] Here, in the special observation, a living tissue
emphasized with the fluorescence of a fluorescent sub-
stance is observed by means of the imaging device 1200.
Then, there is a possibility that, with the passage of time,
the fluorescent substance administered to the observa-
tion object 1500 is diffused and photobleached (photo-
chemical destruction of the fluorescent substance), and
that the intensity of the emitted fluorescence decreases.
In such a case, the luminance of a pixel corresponding
to the fluorescence emitted from the fluorescent sub-
stance gradually decreases in a captured image with the
passage of time. As a result, the visibility of the captured
image decreases.
[0037] In the present embodiment, the control unit
1120 controls the quantity of special light so as to main-
tain the luminance of a captured image of the observation
object 1500 irradiated with the special light, at a substan-
tially constant level on the basis of the luminance of the
captured image. Specifically, the control unit 1120 con-
trols the quantity of special light on the basis of the lumi-
nance of a pixel such that the luminance of the pixel falls
within a predetermined range in the captured image of
the observation object 1500 irradiated with the special
light. The pixel corresponds to the fluorescence emitted
from the fluorescent substance excited by the special
light.
[0038] For example, assume that the fluorescent sub-

stance administered to the observation object 1500 is a
fluorescein compound having a maximum excitation
wavelength near 490 nm and a maximum fluorescence
wavelength near 520 nm. In such a case, the control unit
1120 outputs, to the drive circuit 221, a drive instruction
to generate special light including blue light that can ex-
cite the fluorescein compound. Thereafter, the control
unit 1120 outputs, to the drive circuit 221, a drive instruc-
tion to control the quantity of special light on the basis of
the luminance of a green pixel such that the luminance
of the green pixel falls within a predetermined range (that
is, the luminance thereof is maintained at a substantially
constant level) in the captured image of the observation
object 1500 irradiated with the special light. The green
pixel corresponds to the fluorescence maximum wave-
length of the fluorescein compound.
[0039] For example, assume that the highest value or
average value of the luminance of the green pixels in the
entire captured image of the observation object 1500 ir-
radiated with the special light falls below the predeter-
mined range. In such a case, the control unit 1120 may
output, to the blue light source drive circuit 221B, a drive
instruction to increase the quantity of the special light
including blue light by a predetermined quantity.
[0040] However, stronger special light (excitation light)
may further accelerate photobleaching of the fluorescent
substance. Furthermore, stronger special light may
cause the observation object 1500 to be damaged by
heat. Moreover, time degradation may be accelerated in
the light source 220 that emits stronger special light.
Therefore, even in the case of increasing the quantity of
special light, it is desirable for the control unit 1120 to
maintain the light quantity at or below a certain level
where the fluorescent substance, the observation object,
the light source 220, or the like is less damaged.
[0041] In a case where the quantity of light to be emitted
from the light source 220 cannot be increased due to the
above-described reasons or the like, the observation sys-
tem 1 may increase the luminance of pixels of a captured
image by, for example, processing the captured image
with respect to an S/N ratio, brightness, contrast, sharp-
ness, or the like.
[0042] Note that in a case where only light in a wave-
length band corresponding to the fluorescence of the flu-
orescein compound is photoelectrically converted by a
band-pass filter in the imaging device 1200, the lumi-
nance of all the pixels of the captured image reflects the
intensity of the fluorescence of the fluorescein com-
pound. In such a case, the control unit 1120 may output,
to the drive circuit 221, a drive instruction to control the
quantity of the special light such that the highest value
or average value of the luminance of all the pixels of the
captured image of the observation object 1500 irradiated
with the special light falls within a predetermined range
(that is, the highest value or average value thereof is
maintained at a substantially constant level).
[0043] This enables a user to perform special obser-
vation of the observation object 1500 to which a fluores-
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cent substance has been administered, without concern
for the possibility that the intensity of fluorescence emit-
ted from the fluorescent substance decreases with the
passage of time. Therefore, the observation system 1
can improve user convenience in the special observation.
[0044] The imaging device 1200 captures an image of
the observation object 1500 irradiated with white light or
special light, and obtains a captured image of the obser-
vation object 1500. Specifically, the imaging device 1200
includes an imaging element, and obtains a captured im-
age of the observation object 1500 by photoelectrically
converting light from the observation object 1500. The
imaging element included in the imaging device 1200
may be, for example, a known imaging element capable
of color imaging, such as a charge coupled device (CCD)
image sensor or a complementary metal-oxide-semicon-
ductor (CMOS) image sensor.
[0045] For example, the imaging device 1200 may ob-
tain a captured image for normal observation by photo-
electrically converting light reflected from the observation
object 1500 irradiated with white light for normal obser-
vation. The imaging device 1200 may obtain a captured
image for special observation by photoelectrically con-
verting fluorescence emitted from the observation object
1500 irradiated with the special light for special observa-
tion. Furthermore, the imaging device 1200 may obtain
a moving image indicating temporal changes of the ob-
servation object 1500 by continuously obtaining captured
images of the observation object 1500 at short intervals
(for example, at intervals of 1/30 seconds).
[0046] Here, the observation system 1 according to the
present embodiment may obtain respective captured im-
ages for normal observation and special observation by
irradiating the observation object 1500 with white light
for normal observation and special light for special ob-
servation in a time-division manner. In such a case, the
observation system 1 can simultaneously present a user
with the respective captured images for normal observa-
tion and special observation.
[0047] For example, as shown in Fig. 2, white light and
special light can be generated in a time-division manner
to be applied to the observation object 1500. Fig. 2 is a
graph showing time-division irradiation with white light
for normal observation and special light for special ob-
servation.
[0048] Specifically, the observation system 1 can irra-
diate the observation object 1500 with the white light 300
and a special light 400 in a time-division manner by ap-
plying the white light 300 and the special light 400 in a
pulse form only for a certain period of time. The white
light 300 is generated as a result of combining red light
300R, green light 300G, and blue light 300B respectively
emitted from the red light source 220R, the green light
source 220G, and the blue light source 220B. The special
light 400 (for example, the blue light 300B emitted from
the blue light source 220B) is emitted from some of the
red light source 220R, the green light source 220G, and
the blue light source 220B.

[0049] Note that the ratio of the respective quantities
of the red light 300R, the green light 300G, and the blue
light 300B in the white light 300 can be appropriately con-
trolled so as to achieve a color temperature close to that
of natural light and higher color rendering properties.
Note that the light quantity and irradiation time of each
of the white light 300 and the special light 400 are appro-
priately controlled in accordance with observation con-
ditions and the like. Thus, the light quantity and irradiation
time of the white light 300 need not be equal to those of
the special light 400.
[0050] Furthermore, the observation system 1 may
capture each image of the observation object 1500 irra-
diated with white light or special light by, for example,
switching light to be applied to the observation object
1500 to white light or special light at each imaging timing
of the imaging device 1200. The observation system 1
may capture an image of the observation object 1500
irradiated with white light or special light by, for example,
switching light to be applied to the observation object
1500 to white light or special light alternately at intervals
of a few seconds. The observation system 1 may capture
an image of the observation object 1500 irradiated with
white light or special light by, for example, switching light
to be applied to the observation object 1500 to white light
or special light on the basis of an input from a user.
[0051] Moreover, in a case where the imaging device
1200 captures images of the observation object 1500 as
a continuous moving image, the control unit 1120 may
alternately switch light to be applied to the observation
object 1500 to white light or special light every imaging
frame or every two or more imaging frames. The time of
one imaging frame in a moving image is, for example,
1/30 seconds or 1/60 seconds. Therefore, it is possible
for the observation system 1 to capture both images for
normal observation and special observation without
causing a user to be aware thereof, by switching light to
be applied to the observation object 1500 to white light
or special light in units of imaging frames.
[0052] The observation system 1 according to the
present embodiment controls which of the light sources
220 emits light to be used. As a result, there are emitted
white light for normal observation and special light for
special observation which are different from each other
in wavelength spectrum. Thus, each of the light sources
220 will be turned on or off as appropriate depending on
whether to generate white light or special light. Here, it
is possible to more quickly and precisely control the out-
put of a laser light source and turn on and off the laser
light source than a lamp light source. Therefore, in a case
where each of the light sources 220 is a laser light source,
the observation system 1 can reduce the effect of turning
on and off each of the light sources 220 on light quantity,
and the like. In such a circumstance, even in the case of
alternately generating white light and special light, the
observation system 1 can control the light quantities of
the white light and the special light independently of each
other.
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<2. Operation Example of Observation System>

[0053] Next, an operation example of the observation
system 1 according to the present embodiment will be
described with reference to Fig. 3. Specifically, the fol-
lowing describes operation related to a configuration in
which the quantity of special light is controlled on the
basis of the luminance of a pixel of a captured image in
the observation system 1 according to the present em-
bodiment. Fig. 3 is a flowchart describing an example of
the operation in the observation system 1 according to
the present embodiment.
[0054] As shown in Fig. 3, the lighting device 1100 first
generates special light with light emitted from some of
the plurality of the light sources 220, and irradiates the
observation object 1500 with the generated special light
(S101). Next, the imaging device 1200 captures an image
of the observation object 1500 irradiated with the special
light (S103). Subsequently, the control unit 1120 calcu-
lates the luminance of a pixel corresponding to a prede-
termined wavelength band in the captured image (S105).
Note that the control unit 1120 may calculate the average
value of the luminance of the pixels in the entire captured
image, or may calculate the highest value of the lumi-
nance of the pixels in the entire captured image.
[0055] Here, the predetermined wavelength band re-
fers to the wavelength band of fluorescence to be emitted
from the fluorescent substance administered to the ob-
servation object 1500. For example, in a case where the
predetermined wavelength band falls within a range of
380 nm to 495 nm, the control unit 1120 may select a
blue pixel as a pixel corresponding to the predetermined
wavelength band, and calculate the luminance of the blue
pixel from the captured image. Alternatively, in a case
where the predetermined wavelength band falls within a
range of 495 nm to 590 nm, the control unit 1120 may
select a green pixel as a pixel corresponding to the pre-
determined wavelength band, and calculate the lumi-
nance of the green pixel from the captured image. Alter-
natively, in a case where the predetermined wavelength
band falls within a range of 590 nm to 750 nm, the control
unit 1120 may select a red pixel as a pixel corresponding
to the predetermined wavelength band, and calculate the
luminance of the red pixel from the captured image.
[0056] Next, the control unit 1120 determines whether
or not the calculated luminance of the pixel falls within a
predetermined luminance range (S107). Here, the pre-
determined luminance range refers to a luminance range
in which a less burden is placed on the vision of a user
performing special observation. In a case where the cal-
culated luminance of the pixel falls within the predeter-
mined luminance range (S107/Yes), the observation sys-
tem 1 returns to S101 to irradiate the observation object
1500 with special light (S101), and then captures an im-
age of the observation object 1500 (S103).
[0057] Meanwhile, in a case where the calculated lu-
minance of the pixel does not fall within the predeter-
mined luminance range (S107/No), the control unit 1120

determines the light quantity of the light source 220 that
allows the luminance of the pixel to fall within the prede-
termined luminance range in the captured image (S109).
Specifically, in a case where the luminance of the pixel
of the captured image falls below the predetermined lu-
minance range, the control unit 1120 outputs a drive in-
struction to drive the light source 220 such that the quan-
tity of special light increases. Alternatively, in a case
where the luminance of the pixel of the captured image
exceeds the predetermined luminance range, the control
unit 1120 outputs a drive instruction to drive the light
source 220 such that the quantity of special light decreas-
es. Subsequently, the drive circuit 221 controls the output
of the light source 220 that generates special light, on
the basis of the drive instruction output from the control
unit 1120 (S111). Thereafter, the observation system 1
returns to S101 to irradiate the observation object 1500
with special light (S101), and then captures an image of
the observation object 1500 (S103).
[0058] According to the operation example above, the
observation system 1 according to the present embodi-
ment can control the quantity of special light to be applied
to the observation object 1500 such that fluorescence to
be emitted from the observation object 1500 falls within
a predetermined range in special observation. Thus, al-
though the intensity of the fluorescence to be emitted
from the observation object 1500 may vary with the pas-
sage of time, the observation system 1 can maintain the
intensity of the fluorescence at a substantially constant
level. Therefore, the observation system 1 can improve
user convenience in the special observation.

<3. Control Patterns of Observation Light>

[0059] Subsequently, control patterns of observation
light in the observation system 1 according to the present
embodiment will be described with reference to Figs. 4
to 7. Figs. 4 to 7 are graphs showing examples of the
control patterns of observation light in the observation
system 1 according to the present embodiment.
[0060] As described above, the observation system 1
according to the present embodiment can cause light to
switch between white light for normal observation and
special light for special observation at any given timing.
Therefore, the following describes the switching of white
light and special light and the control patterns of light
quantity in the observation system 1 according to the
present embodiment while taking first to fourth control
patterns as examples.

(3.1. First Control Pattern)

[0061] First, the first control pattern of the observation
system 1 will be described with reference to Fig. 4.
[0062] As shown in Fig. 4, in the first control pattern,
the observation object 1500 is irradiated with white light
for normal observation (white light 300-1, 300-2, 300-3,
...) and special light for special observation (special light
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400-1, 400-2, 400-3, ...) alternately in a pulse form. This
enables the observation system 1 to alternately capture
an image for normal observation and an image for special
observation.
[0063] In a case where the observation system 1 cap-
tures, as a real-time moving image, images of the obser-
vation object 1500 in consecutive frames, the observa-
tion system 1 may cause light to switch between white
light and special light every frame or every few frames.
In such a case, the irradiation time of each of the white
light and the special light may be, for example, 1/30 sec-
onds or 1/60 seconds.
[0064] Here, the quantity of special light to be applied
to the observation object 1500 may be controlled such
that the luminance of pixels of a captured image is main-
tained at a substantially constant level, on the basis of
the luminance of pixels of the immediately preceding cap-
tured image of the observation object irradiated with the
special light. For example, the quantity of the special light
400-2 may be controlled on the basis of the luminance
of pixels of a captured image of the observation object
1500 irradiated with the special light 400-1. Similarly, the
quantity of the special light 400-3 may be controlled on
the basis of the luminance of pixels of a captured image
of the observation object 1500 irradiated with the special
light 400-2.
[0065] It is conceivable that the luminance of pixels of
a captured image of the observation object 1500 irradi-
ated with special light gradually decreases due to diffu-
sion of a fluorescent substance, photobleaching, or the
like. The observation system 1 can maintain the lumi-
nance of the pixels of the captured image of the obser-
vation object 1500 at a substantially constant level by
appropriately controlling the quantity of special light even
in a case where the intensity of fluorescence emitted from
the fluorescent substance administered to the observa-
tion object 1500 varies.
[0066] Meanwhile, the quantities of the white light
300-1, 300-2, and 300-3 to be applied to the observation
object 1500 may be constant. It is considered that a cap-
tured image of the observation object 1500 irradiated with
white light involves less variation in the luminance of pix-
els than the captured image of the observation object
1500 irradiated with special light. Therefore, the quanti-
ties of the white light 300-1, 300-2, and 300-3 need not
be variably controlled like the quantities of the special
light 400-1, 400-2, and 400-3.
[0067] Therefore, according to the first control pattern,
a user can simultaneously observe a captured image for
normal observation and a captured image for special ob-
servation.

(3.2. Second Control Pattern)

[0068] Next, the second control pattern of the obser-
vation system 1 will be described with reference to Fig. 5.
[0069] As shown in Fig. 5, in the second control pattern,
the observation object 1500 may be irradiated with spe-

cial light for special observation (410-1, 410-2, 410-3, ...)
with a constant light quantity and the special light for spe-
cial observation (400-1, 400-2, 400-3, ...) with a variable
light quantity, alternately in a pulse form. This enables
the observation system 1 to alternately capture an image
for special observation reflecting temporal variation in
the intensity of fluorescence, and an image for special
observation in which the luminance of pixels is main-
tained at a substantially constant level.
[0070] For example, the observation system 1 may al-
ternately irradiate the observation object 1500 with the
special light 410-1, 410-2, and 410-3 and the special light
400-1, 400-2, and 400-3. The quantities of the special
light 410-1, 410-2, and 410-3 to be applied is maintained
at a constant quantity L. The quantities of the special light
400-1, 400-2, and 400-3 to be applied is controlled on
the basis of the luminance of pixels of a captured image.
In a case where the observation system 1 captures, as
a real-time moving image, images of the observation ob-
ject 1500 in consecutive frames, the observation system
1 may cause light to switch between the special light for
special observation with a constant light quantity and the
special light for special observation with a variable light
quantity, every frame or every few frames. Note that the
irradiation time of each special light may be, for example,
1/30 seconds or 1/60 seconds.
[0071] This is because it is possible that temporal
changes of the intensity of fluorescence emitted from the
observation object 1500 may be observed depending on
the purpose, conditions, or the like of observation. In such
a case, it is preferable for the observation system 1 to
maintain the quantity of special light to be applied to the
observation object 1500 at a constant level such that the
intensity of fluorescence emitted from the observation
object 1500 is reflected in the luminance of pixels of a
captured image.
[0072] Meanwhile, it is preferable to maintain the lumi-
nance of the pixels of the captured image at a substan-
tially constant level for the purpose of observing a portion
of the observation object 1500, at which fluorescence is
emitted. In such a case, the observation system 1 may
control the quantity of special light to be applied to the
observation object 1500 such that the luminance of pixels
of a captured image is maintained at a substantially con-
stant level, on the basis of the luminance of pixels of a
captured image of the observation object irradiated with
special light.
[0073] For example, the quantity of the special light
400-2 may be controlled on the basis of the luminance
of pixels of a captured image of the observation object
1500 irradiated with the special light 400-1. Similarly, the
quantity of the special light 400-3 may be controlled on
the basis of the luminance of pixels of a captured image
of the observation object 1500 irradiated with the special
light 400-2.
[0074] Note that, needless to say, the quantity of spe-
cial light may be controlled on the basis of the luminance
of pixels of a captured image of the observation object
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1500 irradiated with special light other than the special
light 400-1, 400-2, and 400-3 with a light quantity variably
controlled. For example, the quantity of the special light
400-2 may be controlled on the basis of the luminance
of pixels of a captured image of the observation object
1500 irradiated with the special light 410-2, which is the
immediately preceding captured image.
[0075] In such a case, it is desirable for the observation
system 1 to allow a user to refer later to the luminance
of the relevant one of observation images on the basis
of which the quantity of special light to be applied has
been controlled. For example, the observation system 1
may cause an image of the observation object 1500 to
be stored in association with a mode in which the quantity
of special light to be applied to the observation object
1500 has been controlled at the time of capturing the
image. More specifically, the observation system 1 may
cause information regarding the way how the quantity of
special light to be applied to the observation object 1500
has been controlled at the time of capturing the image,
to be stored as embedded information in the image of
the observation object 1500.
[0076] Therefore, according to the second control pat-
tern, it is possible for a user to simultaneously observe
observation images captured for different observation
purposes by irradiation with special light of different light
quantities.

(3.3. Third Control Pattern)

[0077] Subsequently, the third control pattern of the
observation system 1 will be described with reference to
Fig. 6.
[0078] As shown in Fig. 6, in the third control pattern,
the observation object 1500 may be irradiated with the
special light for special observation (410-1, 410-2, 410-3,
...) with a constant light quantity and the special light for
special observation (400-1, 400-2, 400-3, ...) with a var-
iable light quantity, alternately in a pulse form as in the
second control pattern. However, the third control pattern
is different from the second control pattern in that the
upper limit of the quantity of special light is set so that
the quantity of special light does not exceed a threshold
Lth. This enables the observation system 1 to prevent an
excessive burden from being placed on the observation
object 1500, the fluorescent substance administered to
the observation object 1500, the light source 220, and
the like as a result of irradiating the observation object
1500 with an excessive quantity of special light.
[0079] For example, the observation system 1 may al-
ternately irradiate the observation object 1500 with the
special light 410-1, 410-2, and 410-3 and the special light
400-1, 400-2, and 400-3. The quantities of the special
light 410-1, 410-2, and 410-3 to be applied is maintained
at a constant quantity L. The quantities of the special light
400-1, 400-2, and 400-3 to be applied is controlled on
the basis of the luminance of pixels of a captured image.
Here, in a case where the quantity of the special light

400-3 calculated on the basis of the luminance of pixels
of a captured image exceeds the threshold Lth, the ob-
servation system 1 controls the quantity of the special
light 400-3 to be applied to the observation object 1500
so that the quantity of the special light 400-3 falls below
the threshold Lth. Accordingly, the observation object
1500 is irradiated with special light 400A with a light quan-
tity reduced to a value equal to or less than the threshold
Lth.
[0080] In such a case, the observation system 1 may
perform image processing on a captured observation im-
age to maintain the luminance of pixels of the observation
image at a substantially constant level. For example, the
observation system 1 may maintain the luminance of the
pixels of the observation image at a substantially con-
stant level by controlling the S/N ratio, brightness, con-
trast, sharpness, or the like of the captured image.
[0081] Therefore, according to the third control pattern,
a user can perform special observation without placing
an excessive burden on the observation object 1500, the
fluorescent substance administered to the observation
object 1500, the light source 220, and the like.

(3.4. Fourth Control Pattern)

[0082] Next, the fourth control pattern of the observa-
tion system 1 will be described with reference to Fig. 7.
[0083] As shown in Fig. 7, in the fourth control pattern,
the observation object 1500 may be irradiated, in turn,
with the white light for normal observation (the white light
300-1, 300-2, 300-3, ...), the special light for special ob-
servation (410-1, 410-2, 410-3, ...) with a constant light
quantity, and the special light for special observation
(400-1, 400-2, 400-3, ...) with a variable light quantity, in
a pulse form. This enables the observation system 1 to
capture, in turn, images of the observation object 1500
irradiated with light with varied wavelength spectra, light
quantities, and the like.
[0084] For example, the observation system 1 may ir-
radiate the observation object 1500, in turn, with the white
light 300-1, 300-2, and 300-3 for normal observation, the
special light 410-1, 410-2, and 410-3, and the special
light 400-1, 400-2, and 400-3. The quantity of the special
light 410-1, 410-2, and 410-3 to be applied is maintained
at the constant quantity L. The quantity of the special
light 400-1, 400-2, and 400-3 to be applied is controlled
on the basis of the luminance of pixels of a captured
image.
[0085] In a case where the observation system 1 cap-
tures, as a real-time moving image, images of the obser-
vation object 1500 in consecutive frames, the observa-
tion system 1 may cause light to switch between the white
light for normal observation, the special light for special
observation with a constant light quantity, and the special
light for special observation with a variable light quantity,
every frame or every few frames. In such a case, the
irradiation time of each light may be, for example, 1/30
seconds or 1/60 seconds.
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[0086] In a case where the light sources 220 are laser
light sources, it is possible, in the observation system 1
according to the present embodiment, to quickly turn on
and off each of the light sources 220 and control the light
quantity of each of the light sources 220 without consid-
ering temporal variation in light quantity and the like due
to state transition. Therefore, the observation system 1
can irradiate the observation object 1500 with various
types of light having varied wavelength spectra, light
quantities, and the like.
[0087] Note that the quantity of the special light 400-2
may be controlled on the basis of the luminance of pixels
of a captured image of the observation object 1500 irra-
diated with the special light 400-1. Similarly, the quantity
of the special light 400-3 may be controlled on the basis
of the luminance of pixels of a captured image of the
observation object 1500 irradiated with the special light
400-2. Alternatively, as described in the third control pat-
tern, the quantity of special light may be controlled on
the basis of the luminance of pixels of a captured image
of the observation object 1500 irradiated with special light
other than the special light 400-1, 400-2, and 400-3 with
a light quantity variably controlled. For example, the
quantity of the special light 400-2 may be controlled on
the basis of the luminance of pixels of a captured image
of the observation object 1500 irradiated with the special
light 410-2, which is the immediately preceding captured
image.
[0088] Therefore, according to the fourth control pat-
tern, a user can simultaneously observe images of the
observation object 1500 irradiated with light having dif-
ferent wavelength spectra, light quantities, and the like.

<4. Specific Example of Observation System>

[0089] Subsequently, a more specific configuration ex-
ample of the observation system 1 according to the em-
bodiment of the present disclosure will be described with
reference to Fig. 8. Fig. 8 is a schematic diagram showing
a specific configuration example of the observation sys-
tem 1 according to the present embodiment.
[0090] As shown in Fig. 8, the observation system 1
includes the lighting device 1100, the imaging device
1200, an information processing device 1300, and a dis-
play device 1400. Note that together therewith, Fig. 8
also shows the observation object 1500 to be irradiated
with observation light output from the lighting device
1100.

(Lighting Device 1100)

[0091] The lighting device 1100 includes a first light
source 101, a first collimating optical system 103, a first
half mirror 1107, a first photodetector 1109, the control
unit 1120, a second light source 120, a second collimating
optical system 119, a second half mirror 1103, a second
photodetector 1105, a diffusion member 111, a third col-
limating optical system 113, a dichroic mirror 115, and a

condenser optical system 117. The second light source
120 corresponds to, for example, the light source 220
shown in Fig. 1. The control unit 1120 corresponds to the
control unit 1120 shown in Fig. 1.
[0092] Light emitted from the first light source 101
passes through the first collimating optical system 103.
As a result, the emitted light turns into substantially par-
allel light to be incident on the dichroic mirror 115. Fur-
thermore, a part of the light emitted from the first light
source 101 is split by the first half mirror 1107, and enters
the first photodetector 1109. Meanwhile, light emitted
from the second light source 120 passes through, in or-
der, a second collimating optical system 109, the diffu-
sion member 111, and the third collimating optical system
113 to turn into substantially parallel light, and enters the
dichroic mirror 115. Furthermore, a part of the light emit-
ted from the second light source 120 is split by the second
half mirror 1103, and enters the second photodetector
1105. The dichroic mirror 115 combines the light emitted
from the first light source 101 and the light emitted from
the second light source 120. The combined light, as ob-
servation light, enters a light guide 130 through the con-
denser optical system 117.
[0093] The first light source 101 includes, for example,
a white light source, and emits white light. The type of
the white light source to be included in the first light source
101 is not particularly limited. However, the first light
source 101 may include, for example, a white light emit-
ting diode (LED), a laser-excited phosphor, a xenon
lamp, a halogen lamp, or the like. Specifically, the first
light source 101 may include a so-called phosphor-type
white LED using a phosphor excited by a blue LED.
[0094] In the observation system 1 according to the
present embodiment, the first light source 101 is an op-
tional constituent element, and need not be included in
the observation system 1 in some cases. However, in a
case where the observation system 1 includes the first
light source 101, the observation system 1 can generate
white light for normal observation by using light emitted
from the white light source. It is thus possible to improve
the color rendering properties of white light for normal
observation. The observation system 1 including the first
light source 101 as described above can make the tone
of a captured image of an observation object at the time
of normal observation closer to the tone of observation
with the naked eye under natural light.
[0095] Note that the observation system 1 according
to the present embodiment may further include, as a third
light source, a light source that emits light outside the
visible light band. Specifically, the observation system 1
may include, as the third light source, a light source that
emits light in the near-infrared band, a light source that
emits light in the ultraviolet band, or the like. As a result
of including the third light source as described above, the
observation system 1 can increase the types of usable
fluorescent substance. For example, it becomes possible
for the observation system 1 to use indocyanine green
(ICG) or 5-aminolevulinic acid (5-ALA), as a fluorescent
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substance. The indocyanine green (ICG) has an excita-
tion wavelength in the near-infrared band. The 5-ami-
nolevulinic acid (5-ALA) has an excitation wavelength in
the ultraviolet band.
[0096] The first collimating optical system 103 converts
the white light emitted from the first light source 101 into
a parallel light flux, and causes the parallel light flux to
be incident on the dichroic mirror 115 from a direction
different from that of light having passed through the third
collimating optical system 113 (for example, from a di-
rection that allows the optical axes of the parallel light
flux and the light having passed through the third colli-
mating optical system 113, to be substantially orthogonal
to each other). Light having passed through the first col-
limating optical system 103 need not be a perfect parallel
beam, and just needs to be diverging light close to a
parallel beam.
[0097] The first half mirror 1107 is provided between,
for example, the first light source 101 and the dichroic
mirror 115, and splits a part of the light emitted from the
first light source 101. The split light enters the first pho-
todetector 1109. The first half mirror 1107 is an example
of a branching member. Thus, another branching mem-
ber may be used instead of the first half mirror 1107.
[0098] The first photodetector 1109 detects the quan-
tity of the light emitted from the first light source 101, and
outputs the detected light quantity to a first light source
drive control unit 1121. As a result, the first light source
drive control unit 1121 can control the quantity of light to
be emitted from the first light source 101 on the basis of,
for example, the detected light quantity. The first photo-
detector 1109 may include, for example, a known pho-
todetector such as a photodiode or a color sensor.
[0099] The second light source 120 includes a plurality
of light sources that emits light of different wavelength
bands. The wavelength bands of the plurality of light
sources included in the second light source 120 are se-
lected such that white light is generated as a result of
combining emitted light.
[0100] Specifically, the second light source 120 may
include a plurality of laser light sources that emits light
of different wavelength bands. Unlike a lamp light source
such as a xenon lamp or a halogen lamp, it is possible
to control the quantity of light to be emitted from a laser
light source, by controlling a drive current or drive voltage
to be applied. As a result of including the laser light sourc-
es, the second light source 120 can more rapidly and
precisely control light quantity and the like.
[0101] However, the second light source 120 may in-
clude another type of light source other than a laser light
source, as long as light quantity and the like can be elec-
trically controlled. Note that the diffusion of light emitted
from a laser light source is small. Therefore, in a case
where the second light source 120 includes a plurality of
laser light sources, the second photodetector 1105 to be
described later can more easily detect the light quantity
of the second light source 120.
[0102] The second collimating optical system 109 con-

verts the light emitted from the second light source 120
(that is, white light generated as a result of combining
light from the respective laser light sources included in
the second light source 120, or special light including
light from some of the laser light sources included in the
second light source 120) into a parallel light flux. The
second collimating optical system 109 converts, into a
parallel light flux, light to be incident on the diffusion mem-
ber 111 provided at a subsequent stage. As a result, the
second collimating optical system 109 enables the diffu-
sion member 111 to easily control the diffusion state of
light. Light having passed through the second collimating
optical system 109 need not be a perfect parallel beam,
and just needs to be diverging light close to a parallel
beam.
[0103] The second half mirror 1103 is provided be-
tween, for example, the second collimating optical sys-
tem 109 and the diffusion member 111, and splits a part
of the light emitted from the second light source 120. The
light split by the second half mirror 1103 enters the sec-
ond photodetector 1105. The second half mirror 1103 is
an example of a branching member. Thus, another
branching member may be used instead of the second
half mirror 1103.
[0104] The second photodetector 1105 detects the
quantity of the light emitted from the second light source
120, and outputs the detected light quantity to a second
light source drive control unit 1123. As a result, the sec-
ond light source drive control unit 1123 can control the
quantity of light to be emitted from the second light source
120 on the basis of, for example, the detected light quan-
tity. The second photodetector 1105 may include, for ex-
ample, a known photodetector such as a photodiode or
a color sensor.
[0105] The diffusion member 111 is provided within a
range in the vicinity of the focal position of the second
collimating optical system 109 (for example, within a
range of approximately 10% of a focal distance from the
focal position in either direction), and diffuses light emit-
ted from the second collimating optical system 109. As
a result, the light emission end of the diffusion member
111 can be regarded as a secondary light source. Light
generated as a result of combining light emitted from a
plurality of light sources may have variation in the diver-
gence angles of light between the plurality of light sourc-
es. Thus, the divergence angles of the combined light
may be unified by conversion into the secondary light
source through the diffusion member 111.
[0106] The size of the secondary light source to be
generated by the diffusion member 111 can be controlled
by the focal distance of the second collimating optical
system 109. Furthermore, the numerical aperture (NA)
of light to be emitted from the secondary light source to
be generated by the diffusion member 111 can be con-
trolled by the diffusion angle of the diffusion member 111.
Thus, it is possible for the diffusion member 111 to inde-
pendently control both the size of a light collection spot
at the time of coupling to the light guide 130, and an
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incident NA.
[0107] The type of the diffusion member 111 is not par-
ticularly limited, and various known diffusion elements
can be used as the diffusion member 111. For example,
the diffusion member 111 may be frosted ground glass,
an opal diffuser plate with a light diffusion material dis-
persed in glass, or a holographic diffuser plate. In partic-
ular, with regard to the holographic diffuser plate, it is
also possible to arbitrarily set the diffusion angle of out-
going light by a holographic pattern provided on a sub-
strate.
[0108] The third collimating optical system 113 con-
verts light from the diffusion member 111 (that is, light
from the secondary light source) into a parallel light flux,
and causes the parallel light flux to enter the dichroic
mirror 115. Note that light having passed through the
third collimating optical system 113 need not be a perfect
parallel beam, and just needs to be diverging light close
to a parallel beam.
[0109] The dichroic mirror 115 combines the light emit-
ted from the first light source 101 and the light emitted
from the second light source 120, incident from respec-
tive directions such that the optical axes are substantially
orthogonal to each other.
[0110] In the configuration example shown in Fig. 8,
the dichroic mirror 115 is designed to transmit only light
of a wavelength band corresponding to light to be emitted
from the second light source 120, and to reflect light of
a wavelength band other than the wavelength band de-
scribed above. In such a case, the light emitted from the
second light source 120 passes through the dichroic mir-
ror 115 to enter the condenser optical system 117. Fur-
thermore, only a part of the light emitted from the first
light source 101, corresponding to light in a band other
than the wavelength band corresponding to the light from
the second light source 120, is reflected by the dichroic
mirror 115, and enters the condenser optical system 117.
As a result, the dichroic mirror 115 can combine the light
emitted from the first light source 101 and the light emitted
from the second light source 120.
[0111] Note that the dichroic mirror 115 is an example
of an optical member that combines the light emitted from
the first light source 101 and the light emitted from the
second light source 120, and another optical member
can be used as the dichroic mirror 115. For example, it
is also possible to use, as an optical member, a dichroic
prism capable of combining a plurality of light beams hav-
ing different wavelengths, a polarization beam splitter ca-
pable of combining a plurality of light beams having dif-
ferent polarizations, or a beam splitter capable of com-
bining a plurality of light beams having different ampli-
tudes.
[0112] The condenser optical system 117 causes the
light combined by the dichroic mirror 115 to form an image
on the light guide 130 with a predetermined paraxial lat-
eral magnification. The condenser optical system 117
may include, for example, a condenser lens.
[0113] The light guide 130 guides light emitted from

the lighting device 1100 to a lens barrel 1210 of the im-
aging device 1200. The light guide 130 may include, for
example, an optical fiber. The type of optical fiber includ-
ed in the light guide 130 is not particularly limited, and a
known multimode optical fiber (for example, a step-index
multimode fiber) can be used. The core diameter of the
optical fiber is also not particularly limited. A core diam-
eter of, for example, approximately 1 mm is appropriate
for the optical fiber.
[0114] Note that in the above-described lighting device
1100, the imaging magnification by the third collimating
optical system 113 and the condenser optical system 117
can be set on the basis of (focal distance of the condenser
optical system 117)/(focal distance of the third collimating
optical system 113). For example, the imaging magnifi-
cation provided by the third collimating optical system
113 and the condenser optical system 117 is set such
that the size and divergence angle of the secondary light
source match the core diameter and incident NA of the
light guide 130.
[0115] The imaging magnification provided by the first
collimating optical system 103 and the condenser optical
system 117 can be set on the basis of (focal distance of
the condenser optical system 117)/(focal distance of the
first collimating optical system 103). For example, the
imaging magnification provided by the first collimating
optical system 103 and the condenser optical system 117
is set such that the light from the first light source 101
matches the core diameter and incident NA of the light
guide 130 to achieve coupling to the light guide 130 with
high efficiency.
[0116] The control unit 1120 is a control circuit that
controls each constituent element of the lighting device
1100. Specifically, the control unit 1120 includes the first
light source drive control unit 1121 and the second light
source drive control unit 1123. The first light source drive
control unit 1121 controls the first light source 101. The
second light source drive control unit 1123 controls the
second light source 120. For example, the control unit
1120 includes a processor such as a central processing
unit (CPU), a micro processing unit (MPU), or a digital
signal pocessor (DSP). The control unit 1120 implements
various functions by causing the processor to perform
arithmetic processing according to a predetermined pro-
gram.
[0117] Specifically, the first light source drive control
unit 1121 controls the quantity of light to be output from
the first light source 101. For example, the first light
source drive control unit 1121 may control the quantity
of light to be output from the first light source 101 by
controlling a drive current for the first light source 101.
The second light source drive control unit 1123 controls
the quantity of light to be output from the second light
source 120. For example, the second light source drive
control unit 1123 may control the quantity of light to be
output from the second light source 120 by controlling a
drive current for each laser light source included in the
second light source 120.
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(Imaging Device 1200)

[0118] The imaging device 1200 includes the lens bar-
rel 1210 and an imaging unit 1220.
[0119] For example, the lens barrel 1210 has rigidity,
and is formed in a substantially cylindrical shape. Alter-
natively, the lens barrel 1210 has flexibility, and is formed
in a tube shape. The light guide 130 extending from the
lighting device 1100 is introduced into the lens barrel
1210 to guide observation light emitted from the lighting
device 1100 to the observation object 1500. Furthermore,
the lens barrel 1210 obtains light reflected from the ob-
servation object 1500, and guides the light to the imaging
unit 1220.
[0120] The imaging unit 1220 includes an imaging el-
ement 1221, and photoelectrically converts the light from
the observation object 1500. The imaging element 1221
is, for example, an imaging element capable of color im-
aging. A known imaging element such as a CCD image
sensor or a CMOS image sensor can be used as the
imaging element 1221. The imaging unit 1220 outputs
an image signal photoelectrically converted by the imag-
ing element 1221 to the information processing device
1300. For example, the imaging unit 1220 may output an
image signal to a special observation image generation
unit 1301 and a normal observation image generation
unit 1303 to be described later.
[0121] Note that the imaging unit 1220 may include an
optical filter that transmits only light in a predetermined
wavelength band. For example, the optical filter may be
a band-pass filter that includes a dielectric multilayer film
and transmits only light in a predetermined wavelength
band including fluorescence to be emitted from the fluo-
rescent substance administered to the observation ob-
ject 1500. The use of such an optical filter enables the
imaging element 1221 to selectively perform photoelec-
tric conversion of the fluorescence emitted from the flu-
orescent substance administered to the observation ob-
ject 1500.

(Information Processing Device 1300)

[0122] The information processing device 1300 gen-
erates an observation image of the observation object
1500 on the basis of the image signal input from the im-
aging device 1200. Furthermore, the information
processing device 1300 outputs, to the lighting device
1100, a feedback signal to be used to control the light
quantity of the lighting device 1100, on the basis of the
generated observation image.
[0123] Specifically, the information processing device
1300 includes the special observation image generation
unit 1301, the normal observation image generation unit
1303, an observation image generation unit 1305, and
an input unit 1307. For example, the information process-
ing device 1300 includes a processor such as a CPU, an
MPU, or a DSP, or a microcomputer having the processor
mounted thereon. The processor performs arithmetic

processing according to a predetermined program to im-
plement each function of the information processing de-
vice 1300.
[0124] The special observation image generation unit
1301 generates an image for special observation of the
observation object 1500 on the basis of the image signal
output from the imaging element 1221. Specifically, the
special observation image generation unit 1301 may gen-
erate an image for special observation on the basis of an
output signal of a pixel of a color corresponding to the
fluorescence emitted from the fluorescent substance ad-
ministered to the observation object 1500.
[0125] For example, fluorescence to be emitted from
a fluorescein compound, which is a fluorescent sub-
stance, has a maximum wavelength of 521 nm. There-
fore, in a case where the imaging element 1221 gener-
ates color image signals in three colors of red, green and
blue, the imaging element 1221 can photoelectrically
convert fluorescence emitted from the fluorescein com-
pound in a pixel where green light is to be photoelectri-
cally converted. In such a case, the special observation
image generation unit 1301 can generate an image for
special observation by generating a captured image on
the basis of an image signal corresponding to green
among image signals output from the imaging element
1221.
[0126] Note that in a case where the imaging unit 1220
includes a band-pass filter that selectively transmits the
fluorescence emitted from the observation object 1500,
the color image signal output from the imaging element
1221 reflects the intensity of the fluorescence emitted
from the observation object 1500. In such a case, the
special observation image generation unit 1301 can gen-
erate an image for special observation by generating a
captured image on the basis of the image signal output
from the imaging element 1221.
[0127] The normal observation image generation unit
1303 generates an image for normal observation of the
observation object 1500 on the basis of the signal output
from the imaging element 1221. Specifically, the normal
observation image generation unit 1303 can generate an
image for normal observation by generating a color im-
age on the basis of image signals including the three
colors of red, green, and blue, output from the imaging
element 1221.
[0128] The observation image generation unit 1305
generates an observation image including at least one
of the image for special observation generated by the
special observation image generation unit 1301 or the
image for normal observation generated by the normal
observation image generation unit 1303. For example,
the observation image generated by the observation im-
age generation unit 1305 is output to the display device
1400, so that a user can visually recognize the observa-
tion image. The observation image generated by the ob-
servation image generation unit 1305 may include either
the image for special observation or the image for normal
observation described above, or may include both the
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image for special observation and the image for normal
observation. Details of the observation image to be gen-
erated by the observation image generation unit 1305
may be determined by, for example, an input from the
user via the input unit 1307.
[0129] The input unit 1307 is an input interface that
receives a user’s operation input. For example, the input
unit 1307 includes input devices to be operated by a user,
such as a mouse, a keyboard, a touch panel, a button,
a switch, and a lever. A user can input various types of
information or instructions to the observation system 1
by operating the input unit 1307.
[0130] The input unit 1307 may input, to the observa-
tion system 1, a signal indicating whether to perform the
normal observation, the special observation, or both the
normal observation and the special observation. This en-
ables a user to input, to the observation system 1, an
instruction as to whether to select a normal observation
mode, a special observation mode, or a normal/special
observation mode (a mode for simultaneously perform-
ing the normal observation and the special observation).
Information selected by the user is input to the observa-
tion image generation unit 1305 as well as the first light
source drive control unit 1121 and the second light source
drive control unit 1123 of the lighting device 1100. As a
result, the first light source drive control unit 1121 and
the second light source drive control unit 1123 respec-
tively drive the first light source 101 and the second light
source 120 on the basis of the selected observation
mode. Furthermore, the observation image generation
unit 1305 generates an observation image on the basis
of the selected observation mode.

(Display Device 1400)

[0131] The display device 1400 displays the image
generated by the observation image generation unit 1305
of the information processing device 1300. For example,
the display device 1400 may be a known display device
such as a CRT display device, a liquid crystal display
device, a plasma display device, or an EL display device.
A user can diagnose or treat the observation object 1500
by visually recognizing the image displayed on the dis-
play device 1400.
[0132] The observation system 1 having the configu-
ration above can be used as, for example, an endoscope
apparatus or a microscope apparatus.

<5. Supplementary Notes>

[0133] Although the preferred embodiment of the
present disclosure has been described above in detail
with reference to the accompanying drawings, the tech-
nical scope of the present disclosure is not limited to such
an example. It will be apparent to a person having ordi-
nary skill in the art of the present disclosure that various
modifications or alterations can be conceived within the
scope of the technical idea described in the claims. It is

understood that, of course, such modifications or altera-
tions are also within the technical scope of the present
disclosure.
[0134] Furthermore, the effects described in the
present specification are merely explanatory or illustra-
tive, and not restrictive. That is, the technology according
to the present disclosure can achieve other effects obvi-
ous to those skilled in the art from descriptions in the
present specification, together with or instead of the
above-described effects.
[0135] Note that the following configurations are also
within the technical scope of the present disclosure.

(1) An observation system including:

a plurality of light sources that emits light of dif-
ferent wavelength bands that can be combined
to generate white light;
an optical system that irradiates an observation
object with first light that includes light emitted
from some of the plurality of light sources;
an imaging device that captures an image of the
observation object irradiated with the first light;
and
a light source control unit that controls a quantity
of the first light on the basis of a luminance of a
pixel corresponding to a predetermined wave-
length band in the captured image.

(2) The observation system according to (1) above,
in which
the light source control unit controls the quantity of
the first light such that a value of the luminance of
the pixel falls within a predetermined range.
(3) The observation system according to (2) above,
in which
the optical system combines the light emitted from
the plurality of light sources to generate second light
which is white light, and irradiates the observation
object with the second light.
(4) The observation system according to (3) above,
in which
the light source control unit switches light to be ap-
plied to the observation object to the first light or the
second light in a time-division manner.
(5) The observation system according to (4) above,
in which
the imaging device continuously captures images of
the observation object, and
the light source control unit switches the light to be
applied to the observation object for each of the cap-
tured images.
(6) The observation system according to any one of
(2) to (5) above, in which
the light source control unit switches, in a time-divi-
sion manner, the quantity of the first light to be ap-
plied to the observation object to a constant light
quantity or a light quantity controlled on the basis of
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the luminance of the pixel corresponding to the pre-
determined wavelength band in the captured image.
(7) The observation system according to (6) above,
in which
the captured image is associated with a quantity of
the first light applied to the observation object at a
time of capturing the image.
(8) The observation system according to any one of
(2) to (7) above, in which
in a case where the quantity of the first light that
allows the value of the luminance of the pixel to fall
within the predetermined range exceeds a threshold,
the light source control unit controls the quantity of
the first light such that the quantity of the first light is
equal to the threshold.
(9) The observation system according to any one of
(1) to (8) above, in which
the plurality of light sources is a plurality of laser light
sources.
(10) The observation system according to (9) above,
in which
the plurality of light sources includes a red light
source, a green light source, and a blue light source.
(11) The observation system according to any one
of (1) to (10) above, further including:
a white light source that emits white light.
(12) The observation system according to any one
of (1) to (11) above, further including:
a special light source that emits light of a wavelength
band different from any of the wavelength bands of
the plurality of light sources.
(13) A light source control apparatus including:

a light source control unit that controls a quantity
of first light to be applied to an observation object
on the basis of a luminance of a pixel corre-
sponding to a predetermined wavelength band
in a captured image of the observation object,
in which the first light includes light emitted from
some of a plurality of light sources that emits
light of different wavelength bands that can be
combined to generate white light.

REFERENCE SIGNS LIST

[0136]

1 Observation system
200 Optical system
201 Mirror
203 Dichroic mirror
205 Dichroic mirror
220B Blue light source
220G Green light source
220R Red light source
221B Blue light source drive circuit
221G Green light source drive circuit
221R Red light source drive circuit

300 White light
400 Special light
1100 Lighting device
1120 Control unit
1200 Imaging device
1500 Observation object

Claims

1. An observation system comprising:

a plurality of light sources that emits light of dif-
ferent wavelength bands that can be combined
to generate white light;
an optical system that irradiates an observation
object with first light that includes light emitted
from some of the plurality of light sources;
an imaging device that captures an image of the
observation object irradiated with the first light;
and
a light source control unit that controls a quantity
of the first light on a basis of a luminance of a
pixel corresponding to a predetermined wave-
length band in the captured image.

2. The observation system according to claim 1, where-
in
the light source control unit controls the quantity of
the first light such that a value of the luminance of
the pixel falls within a predetermined range.

3. The observation system according to claim 2, where-
in
the optical system combines the light emitted from
the plurality of light sources to generate second light
which is white light, and irradiates the observation
object with the second light.

4. The observation system according to claim 3, where-
in
the light source control unit switches light to be ap-
plied to the observation object to the first light or the
second light in a time-division manner.

5. The observation system according to claim 4, where-
in
the imaging device continuously captures images of
the observation object, and
the light source control unit switches the light to be
applied to the observation object for each of the cap-
tured images.

6. The observation system according to claim 2, where-
in
the light source control unit switches, in a time-divi-
sion manner, the quantity of the first light to be ap-
plied to the observation object to a constant light
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quantity or a light quantity controlled on the basis of
the luminance of the pixel corresponding to the pre-
determined wavelength band in the captured image.

7. The observation system according to claim 6, where-
in
the captured image is associated with a quantity of
the first light applied to the observation object at a
time of capturing the image.

8. The observation system according to claim 2, where-
in
in a case where the quantity of the first light that
allows the value of the luminance of the pixel to fall
within the predetermined range exceeds a threshold,
the light source control unit controls the quantity of
the first light such that the quantity of the first light is
equal to the threshold.

9. The observation system according to claim 1, where-
in
the plurality of light sources is a plurality of laser light
sources.

10. The observation system according to claim 9, where-
in
the plurality of light sources includes a red light
source, a green light source, and a blue light source.

11. The observation system according to claim 1, further
comprising:
a white light source that emits white light.

12. The observation system according to claim 1, further
comprising:
a special light source that emits light of a wavelength
band different from any of the wavelength bands of
the plurality of light sources.

13. A light source control apparatus comprising:

a light source control unit that controls a quantity
of first light to be applied to an observation object
on a basis of a luminance of a pixel correspond-
ing to a predetermined wavelength band in a
captured image of the observation object,
wherein the first light includes light emitted from
some of a plurality of light sources that emits
light of different wavelength bands that can be
combined to generate white light.
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