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(54) CORRECTIVE OPTICAL SYSTEM AND OPTICAL CORRECTION METHOD

(57) An optical correction is predictively performed
based on a result of AI learning previously performed by
use of learning data including measurement data. The
optical compensation system is provided with wavefront
correction optics, a sensor and a controller. The wave-
front correction optics corrects a wavefront of light that
passes through a given optical path. The sensor obtains
environmental information in the optical path. The con-
troller calculates, based on the environmental informa-
tion, a predicted wavefront disturbance of the light that
has passed through the optical path and controls the
wavefront correction optics so as to cancel the predicted
wavefront disturbance.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an optical com-
pensation system and an optical compensation method.

BACKGROUND ART

[0002] When light propagates in an atmosphere, a
wavefront of the light is disturbed by influences of atmos-
pheric fluctuation or the like. For example, in a technical
field of astronomical observation and the like, an original
resolution of a telescope may not be exhibited and im-
ages taken through the telescope may be blurred.
[0003] In order to resolve such problems, a technique
called optical compensation is developed. As an exam-
ple, a technique of compensating a wavefront of light by
measuring a disturbance of the wavefront of the light
propagated through an atmosphere and controlling a de-
formable mirror based on a result of the measuring.
[0004] In relation with the above, patent literature 1
(Japanese Patent Publication No. 2011-185567) disclos-
es a high-power laser irradiation apparatus. This high-
power laser irradiation apparatus is provided with a laser
light source, an optical distributor, a plurality of optical
phase shifters, a plurality of optical amplifiers, output op-
tics, a reflected light receiver and an atmosphere com-
pensation signal processor. Herein, the laser light source
generates laser. The optical distributor distributes the la-
ser generated by the laser light source. The plurality of
optical phase shifters shifts a phase of each laser distrib-
uted by the optical distributor, respectively. The plurality
of optical amplifiers amplifies the laser with the phase
shifted by each optical phase shifter, respectively. The
output optics combines respective laser amplified by
each optical amplifier to output. The reflected light re-
ceiver detects reflected light that is emitted from the out-
put optics, reflected at an irradiation target and returned
by propagating in the atmosphere. The atmosphere com-
pensation signal processor detects a disturbance of light
wavefront due to atmosphere fluctuation from a detection
signal of the reflected light receiver and controls phase
shifting of the optical phase shifter so as to correct the
disturbance of the light wavefront.
[0005] The high-power laser irradiation apparatus of
the patent literature 1 (Japanese Patent Publication No.
2011-185567) corrects by acquiring information of at-
mosphere fluctuation from reflected light from the irradi-
ation target. Therefore, only transmitting laser light can
be corrected.

CITED LIST

[Patent Literature]

[0006] [Patent Literature 1] Japanese Patent Publica-
tion No. 2011-185567

SUMMARY

[0007] In view of the above situation, a system or a
method of optical compensation of performing optical
compensation based on environmental information will
be provided. Other problem to be solved and novel fea-
tures will become apparent from disclosures of the
present description and attached drawings.
[0008] According to an embodiment, an optical com-
pensation system is provided with wavefront correction
optics, a sensor and a controller. The wavefront correc-
tion optics corrects a wavefront of light that passes
through a given optical path. The sensor obtains envi-
ronmental information in the optical path. The controller
calculates, based on the environmental information, a
predicted wavefront disturbance of the light that has
passed through the optical path and controls the wave-
front correction optics so as to cancel the predicted wave-
front disturbance.
[0009] According to an embodiment, an optical com-
pensation method includes obtaining environmental in-
formation in a given optical path and controlling wavefront
correction optics based on the environmental informa-
tion. The controlling includes calculating a predicted
wavefront disturbance based on weather conditions and
correlation information and generating a control signal
so as to cancel the predicted wavefront disturbance.
[0010] According to the above-described embodiment,
optical compensation can be predictively performed
based on environmental information.

BRIEF DESCRIPTION OF DRAWINGS

[0011]

[Fig. 1] Fig. 1 is a block circuit diagram that shows a
configuration example of an optical compensation
system according to an embodiment.
[Fig. 2] Fig. 2 is a flowchart that shows a configuration
example of processes included in an optical com-
pensation method according to an embodiment.
[Fig. 3] Fig. 3 is a block circuit diagram that shows
another configuration example of the optical com-
pensation system according to an embodiment.
[Fig. 4] Fig. 4 is a block circuit diagram that shows a
configuration example of an optical compensation
system according to an embodiment.
[Fig. 5] Fig. 5 is a flowchart that shows a configuration
example of processes included in an optical com-
pensation method according to an embodiment.
[Fig. 6] Fig. 6 is a block circuit diagram that shows
another configuration example of the optical com-
pensation system according to an embodiment.

DETAILED DESCRIPTION

[0012] Embodiments of an optical compensation sys-
tem and an optical compensation method according to
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the present invention will be explained in the following,
with reference to attached drawings.

(First Embodiment)

[0013] Fig. 1 is a block circuit diagram that shows a
configuration example of an optical compensation sys-
tem 1A according to an embodiment. The optical com-
pensation system 1A in Fig. 1 is provided with correction
optics 2 and a control system 3.
[0014] Herein, the optical compensation system 1A is
configured to be able to observe light that reaches from
a target 4A via the correction optics 2. The correction
optics 2 is configured to perform optical correction under
a control of the control system 3. The control system 3
is configured to control the correction optics 2.
[0015] The correction optics 2 is provided with wave-
front correction optics 21, ground optics 22A and a half
mirror 23A. Herein, the wavefront correction optics 21
corrects the wavefront of the light that reaches from the
target 4A under a control of the control system 3. The
wavefront correction optics 21 is, for example, a deform-
able mirror. The ground optics 22A are, for example, op-
tics such as a telescope arranged on the ground, and are
configured to guide the light that reaches from the target
4A to the wavefront correction optics 21. The ground op-
tics 22A are configured, for example, as a combination
of various optical devices such as a lens or a mirror. The
half mirror 23A is configured to guide a part of the light
that reaches from the target 4A to the wavefront correc-
tion optics 21 and guide a rest thereof to the control sys-
tem 3. In the present embodiment, the half mirror 23A is
arranged in a path that the light that reaches from the
target 4A to the target observation device 35A follows,
and in particular, is arranged between the ground optics
22A and the wavefront correction optics 21. In the present
embodiment, the half mirror 23A may be configured to
be movable out of this path in a practical stage that will
be described later.
[0016] The control system 3 is provided with a wave-
front sensor 31, a meteorological meter 32, a learning
device 33, a controller 34 and a target observation device
35A. The wavefront sensor 31 is configured to receive
the light that reaches from the target 4A via the half mirror
23A and measure wavefront disturbance of this light to
generate wavefront information. The meteorological me-
ter 32 is configured to observe weather to generate
weather information. An Artificial Intelligence (AI), that
outputs wavefront information based on weather infor-
mation, is made to learn by the learning device 33. The
controller 34 is configured to control the wavefront cor-
rection optics 21 based on all or a part of the wavefront
information, the weather information and learning result
information. The target observation device 35A is con-
figured to receive the light that reaches from the target
4A, via the wavefront correction optics 21, and provide
observation information obtained by observing the target
4A by use of this light to the controller 34.

[0017] The learning device 33 is provided with a proc-
essor 331 and a storage device 332. The processor 331
executes a program stored in the storage device 332 to
make the AI learn and stores information of the AI that
has learned in the storage device 332. The storage de-
vice 332 stores the program that the processor 331 ex-
ecutes and the information of the AI that has learned.
The storage device 332 may further store all or a part of
the wavefront information, the weather information and
the observation information. In addition, if a state of the
atmosphere in the optical path 5, or an environment of
the optical path 5 in other words, can be measured, any
sensor may be used, without limitation to the meteoro-
logical meter 32.
[0018] The controller 34 is provided with a processor
341 and a storage device 342. The processor 341 exe-
cutes a program stored in the storage device 342 to gen-
erate a control signal to control the wavefront correction
optics 21. The storage device 342 stores the program to
be executed by the processor 341 and various data to
be used by the processor 341 to generate the control
signal. The controller 34 includes a computer for exam-
ple.
[0019] In an embodiment, each of the learning device
33 and the controller 34 is provided with an interface that
is not illustrated and is connected via those interfaces.
The learning device 33 and the controller 34 perform
transmission and reception of various data via those in-
terfaces.
[0020] Fig. 2 is a flowchart that shows a configuration
example of processes included in the optical compensa-
tion method according to an embodiment. Operations of
the optical compensation system 1A in Fig. 1, that is, the
optical compensation method, will be described with ref-
erence to Fig. 2.
[0021] The optical compensation method according to
an embodiment is broadly divided into a storage stage,
a learning stage and a practical stage. In addition, the
flowchart in Fig. 2 includes seven steps in total, from a
first step S01 to a seventh step S07. When the flowchart
in Fig. 2 starts, the first step S01 is executed.
[0022] The first step S01 is a storage stage to store a
result of measurement and observation. In the first step
S01, the control system 3 observes wavefront distur-
bance and weather (conditions). More specifically, the
wavefront sensor 31 of the control system 3 measures
wavefront disturbance of the light that reaches from the
target 4A to generate wavefront information. In addition,
the meteorological meter 32 of the control system 3 ob-
serves weather to generate weather information. The
wavefront information and the weather information that
are generated are stored in the storage device 342 of the
controller 34. It is preferable that the first step S01 is
executed a plurality of times under various conditions so
that the AI learns correlation between wavefront informa-
tion and weather information in a higher accuracy in the
following second step S02.
[0023] The wavefront disturbance to be measured may
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be expressed, for example, as a group of a plurality of
components that corresponds to coefficients of Zernike
approximation polynomials, respectively. In other words,
wavefront information to be generated may include a
group of numerical values that correspond to coefficients
of Zernike approximation polynomials, respectively.
[0024] Weather to be observed includes, for example,
all or a part of air temperature, humidity, wind speed,
wind direction, atmospheric component such as aerosol,
and the like. In other words, the weather information to
be generated may include a group of numerical values
that correspond to those weather observation results, re-
spectively.
[0025] It is preferable that wavefront information and
weather information are stored in a database in associ-
ation with observation condition information that indi-
cates conditions in that measurement and observation
have been performed to obtain such information. Obser-
vation conditions to be associated includes, for example,
all or a part of latitude, longitude and altitude of the ob-
servation device, observation time, horizontal compo-
nent and vertical component of observation direction, and
the like. Associating and storing such information in a
database is performed by the processor 341 of the con-
troller 34 with reference to the storage device 342.
[0026] Such information that is stored in a database is
stored in the storage device 332 of the learning device
33. The second step S02 is executed after the first step
S01.
[0027] The second step S02 is the learning stage for
the AI to learn correlation related to results of measure-
ment and observation. In the second step S02, the learn-
ing device 33 executes a program so that the AI learns
correlations between wavefront disturbance and weath-
er. More specifically, the processor 331 of the learning
device 33 makes the AI learn correlation of wavefront
disturbance and weather, and stores learning result in-
formation of the AI, that is obtained as a result, in the
storage device 332. It should be noted that if various in-
formation obtained in the first step S01 is stored in the
storage device 332, the learning device 33 can perform
AI learning alone. In other words, by storing various in-
formation obtained in the first step S01 in the storage
device 332, the second step S02 of the learning stage
can be executed without using elements except the learn-
ing device 33 among elements included in the optical
compensation system 1A. The third step S03 is executed
after the second step S02.
[0028] The third step S03 and later steps are a practical
stage for correcting wavefront disturbance of light to ob-
serve the target 4A. The optical compensation system
1A in the practical stage may be configured as the ex-
ample shown in Fig. 1 while elements that are not used
in the practical stage may be omitted therefrom. Fig. 3 is
a block circuit diagram that shows another configuration
example of the optical compensation system 1A accord-
ing to an embodiment. Compared with the optical com-
pensation system 1A in Fig. 1, the half mirror 23A, the

wavefront sensor 31 and the learning device 33 are omit-
ted from the optical compensation system 1A in Fig. 3.
In other words, the practical stage in the third step S03
and later steps can be executed without using the half
mirror 23A, the wavefront sensor 31 and the learning
device 33.
[0029] In the third step S03, the meteorological meter
32 observes weather. It is preferable that the observation
of weather in the third step S03 is performed similarly to
the case in the first step S01, as well. More specifically,
it is preferable that the observation result, that is obtained
by the weather observation of the meteorological meter
32, and the weather condition information, that indicates
the condition in that this observation has been performed,
are provided to the controller 34. The fourth step S04 is
executed after the third step S03.
[0030] In the fourth step S04, the controller 34 predicts
wavefront disturbance. The controller 34 executes the AI
by use of the learning result information obtained in the
step S02 and predicts a current wavefront disturbance
without measuring, based on the observation result ob-
tained in the third step S03. In other words, the controller
34 predicts the current wavefront disturbance based on
the learning result information obtained in the second
step S02 and the observation result obtained in the third
step S03. In the following, the wavefront disturbance that
is predicted will be referred to as wavefront disturbance
prediction value.
[0031] If the learning device 33 and the controller 34
are not connected at the fourth step S04, the learning
result information obtained in the second step S02 is
stored in the storage device 342 of the controller 34, at
least before the fourth step S04 starts. In an opposite
case, if the learning device 33 and the controller 34 are
connected at the fourth step S04, the controller 34 may
read out the learning result information by referring to the
storage device 332 of the learning device 33. The fifth
step S05 is executed after the fourth step S04.
[0032] In the step S05, the controller 34 controls the
wavefront correction optics 21. More specifically, the con-
troller 34 controls the wavefront correction optics 21 so
as to cancel the wavefront disturbance predicted in the
fourth step S04. In other words, the controller 34 controls
the wavefront correction optics 21 based on the wave-
front disturbance prediction value. In further other words,
the controller 34 controls the wavefront correction optics
21 based on the learning result obtained in the second
step S02 and the observation result obtained in the third
step S03. The controller 34 controls the wavefront cor-
rection optics 21 by generating a control signal to control
the wavefront correction optics 21 and transmitting the
control signal to the wavefront correction optics 21.
[0033] The wavefront correction optics 21 corrects the
wavefront of the light that reaches from the target 4A
under control of the controller 34. If the wavefront cor-
rection optics 21 is a deformable mirror, the wavefront
correction optics 21 performs a correction of the wave-
front of the light so that the wavefront of the light after
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reflection approaches an ideal state, by deforming a mir-
ror surface that reflects the light that reaches from the
target 4A, under control of the controller 34. Wavefront
of light being in an ideal state means that, for example,
wavefront of light that reaches from a point on the target
4A is planar.
[0034] In the sixth step S06, the target observation de-
vice 35A observes the target 4A. More specifically, the
target observation device 35A observes the target 4A by
receiving the light, that reaches from the target 4A, and
of which the wavefront is corrected by the wavefront cor-
rection optics 21. The target observation device 35A gen-
erates an image signal that indicates a result of the ob-
servation of the target 4A to transmit to the controller 34.
[0035] If the observation of the target 4A is continuous-
ly performed after the sixth step S06 is ended ("YES" in
the seventh step S07), the wavefront correction optics
21 may be controlled in accordance with changes in the
weather. In this case, the third step S03 to the sixth step
S06 that are included in the practical stage will be repeat-
edly executed. If the observation of the target 4A is not
continued ("NO" in the seventh step S07), the flowchart
in Fig. 2 ends when the sixth step S06 ends.
[0036] It is to be noted that in the present embodiment
the wavefront sensor 31 is used only in the first step S01
among the above-described steps. That is, the wavefront
sensor 31 is not necessary in the following second step
S02 and later steps and can be disconnected from the
optical compensation system 1A. Generally, a wavefront
sensor 31 that measures wavefront disturbance of light
has a configuration in that a plurality of optical sensors
is arranged in array and a scale thereof is relatively large.
For this reason, it may be difficult to transport the wave-
front sensor 31 to a site where the light wavefront is cor-
rected. From this point of view, the wavefront sensor 31
being omittable from the optical compensation system
1A according to the present embodiment except in the
first step S01 in storage stage means that a hardware of
the optical compensation system 1A can be simplified in
the learning stage and the practical stage. For this rea-
son, the controller 34 may select an arbitrary configura-
tion, without limitation to an AI, as long as the wavefront
disturbance can be calculated based on environmental
information in the optical path 5 obtained by the meteor-
ological meter 32 or the like.
[0037] In addition, from another point of view, due to a
principle with that the wavefront sensor 31 measures
wavefront disturbance of light, accuracy and speed there-
of are in a trade-off relationship. In other words, meas-
urement speed decrease when increasing measurement
accuracy, and in opposite, the measurement accuracy
decreases when increasing measurement speed. In the
practical stage of the present embodiment, as no real
time measurement of wavefront disturbance by use of
wavefront sensor 31 is performed, accuracy and speed
of wavefront compensation are compatible.
[0038] It should be noted that, although the wavefront
sensor 31 can be omitted in the practical stage as de-

scribed above, the wavefront sensor 31 can be used in
the practical stage. In this case, the wavefront sensor 31
may perform operation of measuring wavefront in the
third step S03 too, similarly to the case in the first step
S01, in parallel with the operation of measuring weather
by the meteorological meter 32. When using the wave-
front sensor 31 in the practical stage, correction accuracy
can be increased because convergence of wavefront cor-
rection can be speeded up by combining learning result.

(Second embodiment)

[0039] Fig. 4 is a block circuit diagram that shows a
configuration example of an optical compensation sys-
tem 1B according to an embodiment. The optical com-
pensation system 1B in Fig. 4 has following differences
compared to the optical compensation system 1A in Fig.
1.
[0040] As a first difference, while the optical compen-
sation system 1A in Fig. 1 observes light that reaches
from the target 4A, the optical compensation system 1B
in Fig. 4 generates transmitted light 61, that is laser light,
to irradiate the target 4B therewith. For this reason, the
optical compensation system 1B in Fig. 4 is further pro-
vided with, in addition to the elements of the optical com-
pensation system 1A in Fig. 1, a laser light source 6 that
generates laser light. In addition, the optical compensa-
tion system 1B in Fig. 4 is provided with irradiation optics
22B instead of the ground optics 22A in the optical com-
pensation system 1A in Fig. 1.
[0041] As a second difference, while the optical com-
pensation system 1A in Fig. 1 corrects the wavefront of
the light that reaches from the target 4A, the optical com-
pensation system 1B in Fig. 4 corrects wavefront of the
transmitted light 61 that is laser light irradiated to the tar-
get 4B. Herein, the optical compensation system 1B in
Fig. 4 corrects the wavefront of the transmitted light 61
so that the wavefront of the laser light approaches an
ideal state when the transmitted light 61 propagates the
atmosphere in the optical path 5 and reaches the target
4B. This correction has characteristics opposite to the
case of the optical compensation system 1A in Fig.1 in
a meaning of being performed based on a state of the
atmosphere in the optical path 5.
[0042] As a third difference, the wavefront sensor 31
of the optical compensation system 1A in Fig. 1 observes
the light that reaches from the target 4A via the atmos-
phere in the optical path 5 and the ground optics 22A,
and via a reflection by the half mirror 23A. On the other
hand, the optical compensation system 1B in Fig. 4 meas-
ures wavefront disturbance of reflected light 62 that is
the transmitted light 61 generated by the laser light
source 6, reaches the target 4B via the wavefront cor-
rection optics 21, a separation device 23B, the irradiation
optics 22B and the atmosphere in the optical path 5, is
reflected by a surface of the target 4B, further travels via
the atmosphere in the optical path 5 and the irradiation
optics 22B to be partially reflected by the separation de-
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vice 23B. Herein, the separation device 23B that is ar-
ranged instead of the half mirror 23A is configured to
guide only the reflected light 62 to the wavefront sensor
31 and so that the transmitted light 61 is not incident on
the wavefront sensor 31.
[0043] As the fourth difference, the optical compensa-
tion system 1B in Fig. 4 is provided with the target ob-
servation device 35B instead of the target observation
device 35A of the optical compensation system 1A in Fig.
1. Herein, the target observation device 35A of the optical
compensation system 1A in Fig. 1 observes the light that
reaches from the target 4A via the atmosphere in the
optical path 5, the ground optics 22A, the half mirror 23A
and the wavefront correction optics 21. On the other
hand, the optical compensation system 1B in Fig. 4 may
observe the reflected light 62 that is the transmitted light
61 generated by the laser light source 6, reaches the
target 4B via the wavefront correction optics 21, the sep-
aration device 23B, the irradiation optics 22B and the
atmosphere in the optical path 5 and reflected on the
surface of the target 4B.
[0044] As other configuration of the optical compensa-
tion system 1B in Fig. 4 is similar to the optical compen-
sation system 1A in Fig. 1, further detailed explanation
is omitted.
[0045] Fig. 5 is a flowchart that indicates a configura-
tion example of processes included in an optical com-
pensation method according to an embodiment. The
flowchart in Fig. 5 includes a total of eight steps from the
first step S11 to the eighth step S18. When the flowchart
in Fig. 5 starts, the first step S11 to the fifth step S15 are
executed in this order. Herein, as the contents of the first
step S11 to the fifth step S15 are same as the contents
of the first step S01 to the fifth step S05 in Fig. 2, respec-
tively, further detailed explanation is omitted. The sixth
step S16 is executed after the firth step S15.
[0046] In the sixth step S16, the optical compensation
system 1B irradiates light to the target 4B. More specif-
ically, at first, the laser light source 6 generates the trans-
mitted light 61 that is laser light. Next, the wavefront cor-
rection optics 21 corrects the wavefront of the transmitted
light 61. Next, the separation device 23B transmits the
transmitted light 61 and the irradiation optics 22B irradi-
ates the target 4B with the transmitted light 61.
[0047] In the sixth step S16, as described above, the
wavefront of the transmitted light 61 is corrected so that
the wavefront of the transmitted light 61 approaches an
ideal state when the transmitted light 61 reaches the tar-
get 4B after propagating in the atmosphere in the optical
path 5. In other words, the wavefront of the transmitted
light 61 is not necessarily in an ideal state or close to an
ideal state immediately after being corrected by the
wavefront correction optics 21. The seventh step S17 is
executed after the sixth step S16.
[0048] In the seventh step S17, the target observation
device 35B observes the target 4B. More specifically, the
target observation device 35B optically observes the sur-
face of the target 4B, especially a part thereof that is

irradiated with the transmitted light 61. The target obser-
vation device 35B generates an image signal that indi-
cates a result of the observation of the target 4B and
transmits the image signal to the controller 34. The eighth
step S18 is executed after the seventh step S07.
[0049] In the eighth step S18, it is determined whether
to continue irradiating the target 4B with light. More spe-
cifically, the target observation device 35B observes the
target 4B, generates a signal that indicates a result of
the observation and transmits the signal to the controller
34. The determination whether to continue irradiating the
target 4B with light may be performed by a user or per-
formed by the controller 34, based on the result of the
observation by the target observation device 35B. It
should be noted that the controller 34 may determine
whether an influence, that the target 4B has received by
irradiation of the transmitted light 61 that is laser light,
has reached a desired threshold value, based on a re-
ceived signal. Herein, a physical quantity specified by
the desired threshold value may be brightness, temper-
ature, an amount of disappearance or the like and are
not limited by those examples. The determination wheth-
er to continue irradiating the target 4B with light may be
performed by a user or performed by the controller 34,
based on the determination whether the influence the
target 4B has received has reached a desired threshold
value.
[0050] If a result of the determination is "YES", that is,
if it is determined to continue irradiating the target 4B with
light, the third step S13 to the eighth step S18 that are
included in the practical stage will be executed again after
the eighth step S18. At that time, the controller 34 may
perform a feedback control of the wavefront correction
optics 21 based on a result of observation of the target
4B by the target observation device 35B. In addition, by
repeatedly executing the practical stage, the controller
34 can control the wavefront correction optics 21 based
on changes of the weather.
[0051] If a result of the determination is "NO", that is,
if it is determined not to continue irradiating the target 4B
with light, the flowchart in Fig. 5 ends when the eighth
step S18 ends.
[0052] As described above, according to the present
embodiment, wavefront correction can be performed by
the optical compensation system 1B and the optical com-
pensation method, even in a laser light transmission that
transfers light energy for example. In addition, similarly
to the case of the embodiment shown in Figs. 1 to 3, the
wavefront sensor 31 can be omitted at the practical stage,
in the present embodiment too. When trying to correct
wavefront by a real time measurement of the wavefront
disturbance by use of the wavefront sensor 31, as an
area to observe atmospheric fluctuation matches the op-
tical path 5 where the laser light passes through, a sep-
aration device 23B that separates the transmitted light
61 and the reflected light 62 needs to be provided to the
correction optics 2. From this point of view, in the present
embodiment in that the wavefront sensor 31 can be omit-

9 10 



EP 3 825 753 A1

7

5

10

15

20

25

30

35

40

45

50

55

ted in the practical stage, the hardware configuration can
be significantly simplified compared to related technolo-
gies. Fig. 6 is a block circuit diagram that shows another
configuration example of the optical compensation sys-
tem according to an embodiment. Compared to the op-
tical compensation system 1B in Fig. 4, the separation
device 23B, the wavefront sensor 31 and the learning
device 33 are omitted in the optical compensation system
1B in Fig. 6.
[0053] Although the invention made by the inventor has
been described above in detail based on embodiments,
it is needless to say that the present invention is not lim-
ited to the above-described embodiments and various
modifications can be made without departing from the
gist thereof. In addition, each of features described in the
above embodiments can be freely combined within a
technically consistent range.
[0054] The present application claims priority based
on the Japanese Patent Application No. 2018-212665
filed on November 13, 2018 and herein incorporates all
disclosures thereof.

Claims

1. An optical compensation system comprising:

wavefront correction optics configured to correct
a wavefront of light that passes through a given
optical path;
a sensor configured to obtain environmental in-
formation in the optical path; and
a controller configured to calculate, based on
the environmental information, a predicted
wavefront disturbance of the light that has
passed through the optical path and control the
wavefront correction optics so as to cancel the
predicted wavefront disturbance.

2. The optical compensation system according to claim
1,
wherein the controller is further configured to control
the wavefront correction optics based on a fluctua-
tion of the obtained environmental information.

3. The optical compensation system according to claim
1 or 2,
wherein the sensor includes a meteorological meter
configured to observe weather.

4. The optical compensation system according to any
one of claims 1 to 3, further comprising:

ground optics arranged so that the light that has
passed through the optical path further passes
therethrough; and
a target observation device configured to ob-
serve the light that reaches from an external tar-

get via the ground optics and the wavefront cor-
rection optics.

5. The optical compensation system according to any
one of claims 1 to 3, further comprising:

a light source configured to generate the light;
and
irradiation optics arranged in the optical path and
configured to irradiate an external target with the
light that travels to the optical path via the wave-
front correction optics.

6. The optical compensation system according to claim
5, further comprising:

a target observation device configured to ob-
serve the target,
wherein the controller is further configured to
perform a feedback control of the wavefront cor-
rection optics further based on a fluctuation of a
result of an observation by the target observa-
tion device.

7. The optical compensation system according to any
one of claims 1 to 6, further comprising:
a wavefront sensor configured to measure the wave-
front disturbance.

8. The optical compensation system according to any
one of claims 1 to 7,
wherein the controller is further configured to exe-
cute an Artificial Intelligence (AI), that is configured
to receive an input of the environmental information
and outputs the predicted wavefront disturbance of
the light that has passed through the optical path, to
calculate the predicted wavefront disturbance.

9. The optical compensation system according to claim
8, further comprising:
a learning device configured to make the AI learn.

10. An optical compensation method including:

obtaining, by a sensor, environmental informa-
tion in a given optical path;
calculating, by a controller, a predicted wave-
front disturbance of light that has passed
through the optical path, based on the environ-
mental information; and
controlling, by the controller, wavefront correc-
tion optics so as to cancel the predicted wave-
front disturbance.
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