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[Fig. 1]
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(57) Abstract: An optical system
using a mirror is disclosed. The
optical system includes: (1) a trig-
gering optical module for detecting
an object of observation in a wide
area, the triggering optical module
having a wide field of view (FOV);
(2) an imaging optical module for
observing the object of observation
in detail, the imaging optical module
having a high resolving power and
a FOV which is narrower than the
wide FOV of the triggering optical
module; (3) a mirror for controlling
a reflection angle at a high speed,
the mirror being located in front of
the imaging optical module; and (4)
a controller for determining whether
the object of observation detected
by the triggering optical module
is a target of observation, and for
controlling the mirror, so that the
imaging optical module can input
an optical signal from the detected
object, form an image, and observe
the detected object in detail, when it
is determined that the detected object

Lo TP target of observation. The optical system allows a triggering optical module to detect an object of observation in a wide FOV
and allows an imaging optical module with a high resolution to observe in detail the detected object of observation using a mirror,
which can rapidly tilt the reflection angle. Therefore, the optical system has both a wide FOV function and a high resolution and

=
=

can effectively observe a rapidly moving object.
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Description
AN OPTICAL SYSTEM USING A MIRROR WHICH
HAS THE POSSIBILITY OF FAST CONTROL OF THE

ANGLE OF REFLECTION
Technical Field

[1] The present invention relates to optical systems. More particularly, this invention
relates to an optical system that allows a triggering optical module to detect an object
of observation in a wide field of view (FOV) and allows an imaging optical module
with a high resolution to observe, in detail, the detected object of observation using a
mirror, which can rapidly tilt the reflection angle, so the optical system has both a wide
FOV function and a high resolution and can effectively observe a rapidly moving
object.

Background Art

(2] If an optical module (or an optical system) includes all of the following features: a
wide field of view (FOV), high resolution, and a high speed tracking function, it can be
utilized in a variety of applications. That is, if an optical module can detect an object of
observation over a wide range of area through a wide FOV function, observe the
detected object of observation in detail through a high resolving power function, and
even track a rapidly moving object, it can become an ideal optical module.

(3] However, it is difficult to implement all of these functions in one optical module.
Since there is a trade off between the wide FOV and the high resolving power, when
one of them is improved, the other is deteriorated. The optical module has a relatively
short facal length to provide a wide FOV, but a relatively long focal length to provide
a high resolving power. In order to compatibly and simultaneously exert a wide FOF
and a high resolving power, both an optical module with a wide FOV (hereinafter
referred to as a 'wide FOV optical module') and an optical module with a high
resolving power (hereinafter referred to as a ‘high resolution optical module’) are im-
plemented in the same system. To this end, the optical signal receiving direction of the
wide FOV optical module must be controlled to be consistent with that of the high
resolution optical module so that the wide FOV optical module and the high resolution
optical module can receive an optical signal from the same source.

(4] This is gradually increased to observe transient events or phenomena, such as a

gamma-ray burst (GRB) or transient luminous events (TLE). This is because the GRB
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or TLE include a great amount of information about the earth and space. Observing
these transient phenomena helps researchers understand global electrical phenomena in
the atmosphere, so the transient phenomena can be used for study related to weather
and activities of the sun and earth. However, these transient phenomena emerged at
random over a relatively wide area. In particular, since these transient phenomena last
a very short time and oacur sporadically, it is difficult to observe them. In order to
observe phenomena such as a GRB or TLE, monitoring an object, capturing a high
resolution image, and tracking the object at a high speed, in a wide FOV, are
conditions all needed simultaneously. Also, the optical signal receiving direction of the
high resolution optical module must be controlled to be consistent with that of the wide
FOV optical module so that the detected phenomena using a wide FOV optical module
can be observed by the high resolution optical module. That is, in order to observe
rapidly moving phenomena, such as a GRB or TLE, etc, the optical signal receiving
direction of the high resolution optical module must be controlled at a high speed so as
not to miss, i.e., in order to track, rapidly moving phenomena detected by the wide
FOV optical module.

Recently, micro-electro-mechanical systems (MEMS) have received widespread
attention. MEM technology that combines a computer with a small mechanism, such
as a sensor valve, a gear, a reflector and a semiconductor chip manipulator, etc
MEMS, also referred to as a smart meter, are devices composed of a micro<cirauit in a
small silicon chip, installed into mechanical devices such as a reflector or a sensor. For
example, MEMS are utilized in a variety of applications, such as a device for inflating
an air bag to match a passenger's weight with a vehicle's speed as detected by the air
bag, a global positioning system (GPS) sensor that reads a continuous track and a
treatment process for freight transportation, an interactive sensor for sensing changes
in the air flow on the surface of airplane wings acording to the air resistance and
performing a corresponding operation acwording to the sensing result, an optical switch
for outputting an optical signal at 20 nanometers per second, a sensor-manipulated
heating/cooling device, and a sensor installed in a building for changing the flexibility
of matter that reacts to atmospheric pressure. Since a mirror using MEMS technology,
i.e., an MEMS mirror, can rapidly change its reflection angle to a certain direction, the
MEMS mirror needs to be applied to an optical module to observe and track a rapidly
moving object.

Disclosure of Invention
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Technical Problem

The present invention solves the above problems, and provides an optical system that
allows a triggering optical module to detect an object of observation in a wide field of
view (FOV) and allows an imaging optical module with a high resolving power to
capture an image and observe in detail the detected object of observation using a
mirror, which can rapidly tilt the reflection angle, so the optical system has both a wide
FOV function and a high resolving power and can effectively observe a rapidly
moving object.

Technical Solution

In accordance with an exemplary embodiment of the present invention, the present
invention provides an optical system including: (1) a triggering optical module for
detecting an object of observation in a wide area, the triggering optical module having
a wide field of view (FOV); (2) an imaging optical module for observing the object of
observation in detail, the imaging optical module having a high resolving power and a
FOV which is narrower than the wide FOV of the triggering optical module; (3) a
mirror for controlling a reflection angle at a high speed, the mirror being located in
front of the imaging optical module; and (4) a controller for determining whether the
object of observation detected by the triggering optical module is a target of ob-
servation, and for controlling the mirror, so that the imaging optical module can input
an optical signal from the detected object, form an image, and observe the detected
object in detail, when it is determined that the detected object is a target of ob-
servation.

Preferably, the triggering optical module includes: (a) a first lens part or mirror part
with a wide FOV; (b) a first aperture for the first lens part or mirror part; and (c) a first
optical signal detector for detecting an optical signal from the first lens part or mirror
part.

Preferably, the imaging optical module includes: (a) a second lens part or mirror part
with a focal length, which is longer than that of the first lens part of the mirror part,
and a high resolving power; and (b) a second optical signal detector for detecting an
optical signal from the second lens part or mirror part. Here, the imaging optical
module further comprises a second aperture for the second lens part or mirror part.

Preferably, the imaging optical module further includes at least one or more mirrors
for altering an optical path between the second lens part and the second optical signal

detector.
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Preferably, the first aperture is identical to the second aperture.

Preferably, the first optical signal detector is identical to the second optical signal
detector.

Preferably, the mirror includes an MEMS micro-mirror or an MEMS micro-mirror
array, with a tilting angle can be changed at a high speed to control the reflection angle
in an analog method, and whose reflection angle is relatively large.

Advantageous Effects

As described above, the optical system, acording to the present invention, allows a
triggering optical module to detect an object of observation in a wide field of view
(FOV) and allows an imaging optical module with a high resoling power to image and
observe in detail the detected object of observation using a mirror, which can tilt the
reflection angle at a high speed, so the optical system has both a wide FOV function
and a high resolving power and can effectively observe a rapidly moving object.
Brief Description of the Drawings

The features and advantages of the present invention will be more apparent from the
following detailed description in conjunction with the amompanying drawings, in
which:

Figure 1 is a schematic perspective view illustrating an optical system awording to
an embodiment of the present invention;

Figure 2 is a plan view illustrating the optical system of Figure 1;

Figure 3 is a schematic plan view illustrating an optical system that shares one
optical signal detector, acording to an embodiment of the present invention;

Figure 4 is a view illustrating a simulation where an optical module is performing a
tracking process;

Figure 5 is a view illustrating a spot formed on an optical signal detector by an on-
axis optical signal and an optical signal whose incident angle is 10°in an optical system
whose F number is 1;

Figure 6 is a view illustrating a simulation result of an image formed on a pixel side
of an optical signal detector when an on-axis optical signal and an optical signal whose
incident angle is £9° are incident on the optical signal detector;

Figure 7 is a plan view illustrating a schematic structure of an image optical module
used for simulation;

Figure 8 shows spots formed on the surface of an optical signal detector of an image

optical module amording to the incident angle of optical signals, in which Figures 8A,
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8B, and 8C show spots when incident angles of an optical signal are 0°, 5°, and 10° re-
spectively;

Figure 9 shows spots formed on the surface of an optical signal detector of an image
optical module axording to the incident angle of optical signals, in comparison with
the spot of an optical signal whose incident angle is 0.5° in which Figures 9A, 9B, and
9C show spots when incident angles of an optical signal are 0°, 5°, and 10° re-
spectively; and

Figure 10 is £0.7°are incident on the optical signal detector.

<Brief Description of Symbols in the Drawings>

100: optical system (an embodiment of the present invention)

110: triggering optical module

112, 212: first lens part or mirror part

114: first aperture

116: first optical signal detector

120: imaging optical module

122, 222: second lens part or mirror part

126: second optical signal detector

128a, 128b, 128¢, 12&: normal reflection mirror

130, 230: mirror (which can rapidly change its reflection angle)

140: second aperture

300: an optical system sharing an optical signal detector (another embodiment of the
present invention)

350: optical signal detector

360a, 360b: translucent mirror or micro-shutter
Best Mode for Carrying Out the Invention

Now, preferred embodiments of the present invention will be described in detail with
reference to the acompanying drawings.

Figure 1 is a schematic perspective view illustrating an optical system awording to
an embodiment of the present invention. As shown in Figure 1, the optical system 100
is configured in such way that: a triggering optical module 110 with a wide field of
view (FOV) detects an object of observation in a wide area; an imaging optical module
120 has a high resolving power and a FOV, which is narrower than the wide FOV of
the triggering optical module, and observes the object of observation in detail; and a

mirror 130 is located in front of the imaging optical module 120 and controls a
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reflection angle at a high speed. Although not shown clearly in Figure 1, the optical
system 100, awording to an embodiment of the present invention, includes a controller
that determines whether the object of observation detected by the triggering optical
module 110 is a target of observation, and controls the mirror 130, so that the imaging
optical module 120 can input an optical signal from the detected object, form an

image, and observe the detected object in detail, when it is determined that the detected
object is a target of observation. Also, the optical system 100 further includes an
aperture 140 for the mirror 130, which is hereinafter referred as a 'second aperture.'
Each of the elements described above is explained in detail as follows.

[44] The triggering optical module 110 includes: a first lens part or mirror part 112 that
has a relatively short focal length, which causes a wide FOV;; a first aperture 114 for
the first lens part or mirror part 112; and a first optical signal detector 116 for detecting
an optical signal from the first lens part or mirror part 112. As shown in Figure 1, the
first lens part or mirror part 112 is implemented by a spherical or parabolic lens or
mirror. The first lens part or mirror part 112 may be implemented with a double
Fresnel lens to secure a much wider field of view.

[45] The imaging optical module 120 includes: a second lens part or mirror part 122 that
has a focal length longer than that of the first lens part of mirror part 112 of the
triggering optical module 110, which causes a narrow field of view but a high
resolving power; and a second optical signal detector 126 for detecting an optical
signal from the second lens part or mirror part 122. As shown in Figure 1, the second
lens part or mirror part 122 is implemented by a spherical or parabolic lens or mirror.
The imaging optical module 12, as shown in Figure 1, further includes at least one or
more mirrors 128a, 128b, and 128c to establish a relatively long optical path between
the second lens part or mirror part 122 and the second optical signal detector 126,
which reduce the system size. The mirrors 128a, 128b, and 128¢ are implemented by a
normal reflection mirror.

[46] The mirror 130 allows the imaging optical module 120 to form an image from an
optical signal of an object of observation, under the control of the controller. To this
end, the reflection angle of the mirror 130 must be altered or controlled at a high
speed. It is preferable that the mirror 130 is implemented by an MEMS micro-mirror
or an MEMS micro-mirror array whose tilting angle can be altered at a high speed to
oontrol the reflection angle in an analog method and whose tilting angle is relatively
large, so as to effectively track and observe an object of observation, although the

object moves rapidly.
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Although not shown in Figure 1, the optical system 100 of the present invention is
connected to a data storage unit, an interface unit, and a power supply. The data
storage unit stores detected optical signals. The storage unit is implemented by a flash
memory or a hard disc. The interface unit serves to interface between elements in the
system. The interface unit is implemented by a bus interface unit. The power supply
provides power to elements in the system.

In the following description, the triggering optical module 110 and the imaging
optical module 120 of the optical system 100 axording to the present invention will be
explained in detail through a specific example.

The triggering optical module 110 serves as an optical module for searching for an
object (event) of observation, and thus may have a relatively low resolution and a wide
FOV. That is, since the triggering optical module 110 does not require a precise
imaging ability, ultraviolet photons may be incident on the optical signal detector,
possessing a relatively large possibility of aberration.

The imaging optical module 120 forms an image for a triggered object of observation
at a narrow FOV but at a high resolution. The second lens part or mirror part 122 of
the imaging optical module 120 is implemented by a Fresnel lens whose focal length is
1 m and whose aperture is 10 cm. It should be understood that the second lens part or
mirror part 122 may be implemented by a spherical lens or mirror. The mirror 130,
lacated in front of the second lens part or mirror part 122, is implemented by an
MEMS micro-mirror array which is a planar array and has an aperture of 10 cm.
Although an event oacurs anywhere, the MEMS micro-mirror array is operated in such
a way as to face the object of observation detected by the triggering optical module
and then provide an on-axis beam to the imaging optical module. The MEMS micro-
mirror array must be responded to within a response time that includes a processing
time and transformation time for all signals since the object of observation has been
detected, preferably 100 um, so that the MEMS micro-mirror array can determine
whether an object which moves at an approximate light speed on the ground is a target
of observation and can track the detected object. As well, the MEMS micro-mirror
array can detect and track transient events that emerge at random, such as astronomical
phenomena, cosmic phenomena, and atmospheric phenomena, etc, for example a
gamma ray bursts (GRB) and transient luminous events (TLE).

Figure 2 is a plan view illustrating the optical system of Figure 1.

Adaording to the design of an optical system, the second optical signal detector 126

and the first optical signal detector 116 can be implemented in such a way to be
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formed as a single optical signal detector; and also the mirror 130 and the triggering
optical module 110 can be implemented in sich way to share a single aperture, instead
the mirror 130 and the triggering optical module 110 utilizes the second aperture 140
and the first aperture 114, individually and respectively. Figure 3 is a schematic plan
view illustrating an optical system that shares one optical signal detector, awording to
an embodiment of the present invention. As shown in Figure 3, the optical system 300
includes: a first lens part or mirror part 312 of a triggering optical module; a second
lens part or mirror 322 and a reflection mirror 328, included in an imaging optical
module; an MEMS micro-mirror 330; and an optical signal detector 350. Also, the
optical system 300 further includes a translucent mirror or micro-shutter 360a and
360b for providing an optical path to the imaging optical module. The optical system
300 is the same as the optical system 100 except that the triggering optical module and
the imaging optical module share a single optical signal detector 350. Therefore, the
following description will omit explanation regarding the same elements and their
operations between the optical systems 100 and 300.

In the following, the simulation result for an optical system of the present invention
is described awording to the triggering optical module and the imaging optical
module.

Regarding the simulation result according to the triggering optical module: The field
of view of the triggering optical module are calaulated as £10°, £8.5°, and £6.8° when
F number (/D) are 1, 1.2, and 1.5, correspondingly and respectively. The triggering
optical module for the simulation is configured to include a Fresnel lens and an optical
signal detector. Using this configuration, simulation is performed for each F number.
Figure 4 is a view illustrating a simulation for an triggering optical module, and Figure
5 is a view illustrating a spot formed on an optical signal detector by an on-axis optical
signal and an optical signal whose incident angle is 10 in an optical system whose F
number is 1. The rectangle around the spot, as shown in Figure 5, is twice as large as
the pixel of the detector. When the incident angle is 10°, a peak is formed at a position
spaced apart from the chief ray by 2~3 mm. The chief ray of an optical signal whose
incident angle is 10 is formed at a position spaced apart from the center of the
detection surface of the detector by 15.6 mm, which is shown in Figure 5. In order to
check the shape of image formed at the pixels of the optical signal detector, a track
optical module is simulated assuming that it is composed of four optical signal
detectors with 64 channels. Figure 6 is a view illustrating a simulation result of an

image formed on a pixel side of an optical signal detector when an on-axis optical
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signal and an optical signal whose incident angle is £9° are incident on the optical
signal detector. Referring to Figure 6, the FOV of the optical system amording to the
present invention becomes +9° above in a trigger optical system whose F number is 1;
and also, the optical signal incident within the FOV of the triggering optical module is
detected by the optical signal detector and is used as a trigger signal.

Regarding the simulation result according to the imaging optical module: The
triggering optical module reads a position where an object of observation (for example,
a GRB or TLE) oxurs and then transmits the oxurrence position of an object of ob-
servation to the controller in order to operate the mirror. The controller changes the tilt
angle of the mirror to face the aacurrence position of the object of observation.
Therefore, the optical signal can be always transmitted, in on-axis, to the optical signal
detector of the imaging optical module through the mirror, although an event oxurs
anywhere within the FOV of the triggering optical module. For the simulation, the
imaging optical module is used where F number (=f/D) is 10, the FOV is 0.7°, and the
FOV per pixel is approximately 0.08°. For the simulation, the second lens of the
imaging optical module uses a Fresnel lens whose focal length 1 m and whose aperture
is 10 cm. Figure 7 is a plan view illustrating a schematic structure of an imaging
optical module used for simulation. Through the simulation of Figure 7, optical signals
incident at other angles are monitored to ensure that they are always focused at a preset
point by tilting the mirror. The simulation is performed after the detection surface of
the optical signal detector is located at the focus of a lens. The mirror is tilted 45 with
respect to the surface direction of the aperture of the optical system at the initial state.
The optical signal incident orthogonally to the surface direction of the aperture passes
through the lens by the mirror and then is focused on the center portion of the optical
signal detector, and this case is defined as the optical signal incident angle is 0°.

Figure 8 shows spots formed on the surface of an optical signal detector of an image
optical module awording to the incident angle of optical signals, in which Figures §A,
8B, and 8C show spots when incident angles of an optical signal are 0°, 5°, and 10° re-
spectively. Through the simulation of Figure 8, when the mirror is tilted by 2.5° and
5°, respectively, it is checked that the optical system can be controlled so that optical
signals incident at other directions can be focused at the same spot of the optical signal
detector. That is, as shown in Figure 8, the simulation ensures that the optical system
of the present invention can constantly maintain the focus surface by tilting the mirror.
In the simulation, the entire surface of the mirror is set to be tilted, so that the image is

extended up and down as shown in the simulation result. This is because the tilt angle
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of the mirror is increased and thus the effective reflection area of the mirror
transmitted to the Fresnel lens is changed. However, this phenomenon can be redwed
when a micro-mirror array, which can be divided into small-sized mirrors and tilted, is
used in the system. To this end, as described above, it is preferable that the mirror of
the optical system is implemented by an MEMS mirror array whose tilting angle is
changed at a high speed so that the reflection angle can be rapidly controlled in an
analog method. As established through the simulation results, tilting micro-mirrors
make it possible to establish an on-axis optical system for the optical signals incident
at other different angles and also to perform a magnification and an accurate
measurement with respect to a wide FOV awording to tiling angles of micro-mirrors.
Figure 9 shows spots formed on the surface of an optical signal detector of an image
optical module acording to the incident angle of optical signals, in comparison with a
spot of an optical signal whose incident angle is 0.5°, in which Figures 9A, 9B, and 9C
show spots when incident angles of an optical signal are 0°, 5°, and 10° respectively.
This simulation is performed for the shape formed when an optical signal with a tilting
angle of 0.5° is incident on the optical signal detector. This simulation is performed
after the mirror is tilted acording to incident angles of optical signals, respectively,
and thus the focus of the incident light is formed on the center of the optical signal
detector. This simulation is performed to predict the shape of imaging an object of ob-
servation. In Figure 9, the center of the rectangle is a traveling point of the chief ray.
For an optical signal of a tilting angle of 0.5°, the chief ray deviates from the center of
the rectangle by a pixel unit, which causes an aberration. This aberration is created
because the Fresnel lens is not optimized and the image plane is curved. When the
FOV is widened using two Fresnel lenses, an optical system with a relatively small
aberration can be used for an optical signal incident at a relatively large angle. Such an
aberration can also be improved by optimizing the structure of the entire optical
system. Figure 10 is a view illustrating a simulation to check an image formed on a
pixel side of an optical signal detector. More specifically, Figure 10 is a view 1il-
lustrating a simulation result of an image formed on a pixel side of an optical signal
detector when an on-axis optical signal and an optical signal whose incident angle is
+0.7° are incident on the optical signal detector. From the simulation as shown in
Figure 10, the imaging optical module can observe a magnified image of an event.
Although the preferred embodiments of the present invention have been disclosed for
illustrative purposes, those skilled in the art will appreciate that various modifications,

additions and substitutions are possible, without departing from the scope and spirit of
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the invention as disclosed in the awompanying claims.
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Claims
An optical system comprising:
(1) a triggering optical module for detecting an object of observation in a wide
area, the triggering optical module having a wide field of view (FOV);
(2) an imaging optical module for observing the object of observation in detail,
the imaging optical module having a high resolving power and a FOV which is
narrower than the wide FOV of the triggering optical module;
(3) a mirror for controlling a reflection angle at a high speed, the mirror being
located in front of the imaging optical module; and
(4) a controller for determining whether the object of observation detected by the
triggering optical module is a target of observation, and for controlling the
mirror, so that the imaging optical module can input an optical signal from the
detected object, form an image, and observe the detected object in detail, when it
is determined that the detected object is a target of observation.
The optical system acording to claim 1, wherein the triggering optical module
comprises:
(a) a first lens part or mirror part with a wide FOV;
(b) a first aperture for the first lens part or mirror part; and
(c) a first optical signal detector for detecting an optical signal from the first lens
part or mirror part.
The optical system acording to claim 2, wherein the imaging optical module
comprises:
(a) a second lens part or mirror part with a focal length, which is longer than that
of the first lens part of the mirror part, and a high resolving power; and
(b) a second optical signal detector for detecting an optical signal from the
second lens part or mirror part,
wherein the imaging optical module further comprises a second aperture for the
second lens part or mirror part.
The optical system awording to claim 3, wherein the imaging optical module
further comprises:
at least one or more mirrors for altering an optical path between the second lens
part and the second optical signal detector.
The optical system according to claim 3, wherein the first aperture is identical to

the second aperture.
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(6] The optical system aording to claim 3, wherein the first optical signal detector
is identical to the second optical signal detector.

[7] The optical system acording to any one of claims 1 to 6, wherein the mirror
comprises an MEMS micro-mirror or an MEMS micro-mirror array, with a
tilting angle can be changed at a high speed to control the reflection angle in an

analog method, and whose reflection angle is relatively large.
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