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(57) Abstract: Provided is a range finder. The range finder comprises
a light-emitting unit, a light-receiving unit, a reflection mirror, an actu-
ator, and a controller. The light-emitting unit emits a light pulse, and a
light-receiving unit detects reflected light incident thereto. The reflec-
tion mirror reflects the light pulse emitted from the light-emitting unit
to a measurement space, and reflecting the reflected light reflected by
an object in the measurement space so that the reflected light is inci-
dent to the light-receiving unit. The actuator allows the reflection mir-
ror to move. The controller obtains distance information from a signal
7 detected by the light-receiving unit, and obtains location information
from the actuator.
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Description

RANGE FINDER AND METHOD FOR FINDING RANGE

Technical Field

Embodiments disclose a range finder.
Background Art

A range finder can be applied to various industrial fields.

For example, high performance space recognition technology is required to allow a
robot to effectively perform a given job. The high performance space recognition
technology can be accomplished through distance measurement using a laser light
pulse.

Also, a range finder can be applied to a service robot for housework represented by a
cleaning robot. The service robot for housework can realize high performance self-
controlled driving through space recognition technology.

Also, the range finder can be applied to an automobile to realize traffic lane
recognition, a sudden stop function with respect to a sudden appearance of a vehicle
and a person, so that self-controlled driving of an automobile can be realized.

Also, the range finder can be applied to a security device to detect movement of an
object according to change in a measured distance, so that whether an intruder exists

can be judged.
Disclosure of Invention

Technical Problem

Embodiments provide a range finder.

Embodiments also provide a range finder measuring a distance to an object located in
a three-dimensional (3D) measurement space to recognize a 3D space.

Embodiments also provide a range finder that can effectively process distance
measurement data regarding a 3D measurement space, and a method thereof.

Embodiments also provide a range finder including an actuator which allows the
reflection mirror to rotate in a first direction around a first axis and in a second
direction around a second axis perpendicular to the first axis.

Embodiments also provide a range finder having an advantage in miniaturization.

Embodiments also provide a range finder that can change resolution to measure a
distance with respect to an object located in a 3D measurement space, and a method
thereof.

Embodiments also provide a range finder that can identify an object located in a 3D
measurement space and extract the movement and moving velocity of the object, and a
method thereof.
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Technical Solution

In an embodiment, a range finder comprises: a light-emitting unit emitting a light
pulse; a light-receiving unit detecting reflected light incident thereto; a reflection
mirror reflecting the light pulse emitted from the light-emitting unit to a measurement
space, and reflecting the reflected light reflected by an object in the measurement space
so that the reflected light is incident to the light-receiving unit; an actuator allowing the
reflection mirror to move; and a controller obtaining distance information from a signal
detected by the light-receiving unit, and obtaining location information from the
actuator.

In an embodiment, a method for finding a range comprises: emitting a light pulse to a
measurement space and detecting reflected incident light reflected by an object to
obtain location information and distance information of the object; and varying a
direction in which the light pulse is emitted to obtain location information and distance
information of the object.

In an embodiment, a method for finding a range comprises: emitting a light pulse to a
measurement space and detecting reflected incident light reflected by an object to
obtain location information and distance information of the object; mapping the
location information to new location information; and measuring a distance of the
object using the new location information and the distance information.

The details of one or more embodiments are set forth in the accompanying drawings
and the description below. Other features will be apparent from the description and

drawings, and from the claims.

Advantageous Effects

Embodiments can provide a range finder that can measure a distance to an object in a
3D space and recognize a space.

Embodiments also can provide a range finder that can effectively process location in-
formation and distance information of an object existing in a 3D space, and a method
thereof.

Embodiments also can provide a range finder including an actuator which allows the
reflection mirror to rotate in a first direction around a first axis and in a second
direction around a second axis perpendicular to the first axis.

Embodiments also can provide a range finder having an advantage in miniaturization.

Embodiments also can provide a range finder that can change resolution to measure a
distance with respect to an object located in a 3D measurement space, and a method
thereof.

Embodiments also can provide a range finder that can identify an object located in a

3D measurement space and extract the movement and moving velocity of the object,
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and a method thereof.
Brief Description of the Drawings

Fig. 1 is a view explaining a range finder according to an embodiment.

Figs. 2 to 5 are views explaining a range finder according to an embodiment.

Figs. 6 and 7 are views explaining an embodiment of a vertical driving member in a
range finder according to an embodiment.

Figs. 8 and 9 are views illustrating a mirror rotated in a first direction by 180 degree
in a range finder according to an embodiment.

Figs. 10 to 12 are views illustrating a mirror rotated in a second direction in a range
finder according to an embodiment.

Fig. 13 is a view explaining a controller of a range finder according to an
embodiment.

Figs. 14 to 16 are views explaining a method for finding a range according to an
embodiment.

Figs. 17 and 18 are views explaining a method for finding a range in which a driving
method of an actuator has been changed in a different way in a range finder according
to an embodiment.

Fig. 19 is a view illustrating a light pulse is emitted to a measurement space in the
case where the measurement space is in the range of 0-180 degrees in a first direction
in a range finder according to an embodiment.

Figs. 20 and 21 are views explaining a method for finding a range in which a driving
method of an actuator has been changed in another different way in a range finder
according to an embodiment.

Fig. 22 is a view explaining a method for converting location information measured
by a range finder according to an embodiment.

Fig. 23 is a view explaining that resolution has been increased by increasing the
frequency of a light pulse at a range finder according to an embodiment.

Fig. 24 is a view explaining that the resolution of a horizontal direction and the
resolution of a vertical direction are changed by decreasing velocity at which a mirror
rotates in a first direction in a range finder according to an embodiment.

Fig. 25 is a view explaining that the resolution of a horizontal direction and the
resolution of a vertical direction are changed by increasing velocity at which a mirror
rotates in a first direction in a range finder according to an embodiment.

Fig. 26 is a view explaining the operation of a range finder according to an
embodiment.

Fig. 27 is a view explaining a scanning process of a light pulse and a combination of

light pulses in a plurality of frames in the case where a range finder according to an
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embodiment operates in a precise measurement mode.

Fig. 28 is a view explaining that an object located in a measurement space has been
extracted through a precise measurement mode.

Fig. 29 is a view explaining a scanning process of a light pulse and a combination of
light pulses in a plurality of frames in the case where a range finder according to an

embodiment operates in a movement measurement mode.

Mode for the Invention

Reference will now be made in detail to the embodiments of the present disclosure,
examples of which are illustrated in the accompanying drawings.

Fig. 1 is a view explaining a range finder according to an embodiment.

Referring to Fig. 1, the range finder includes a controller 10, a light-receiving unit
20, a light-emitting unit 30, an actuator 40, and a reflection mirror 50.

The controller 10 drives the actuator 40 and obtains information of a direction in
which a light pulse has been emitted from the actuator 40, i.e., location information of
the light pulse.

Also, the controller 10 allows the light pulse to be emitted from the light-emitting
unit 30, and directly transmits distance information and location information obtained
through the light-receiving unit 20 and the actuator 40 to an external device, or
processing the information to transmit the same to the external device.

The light-emitting unit 30 includes a light emitting device such as a pulse laser diode,
and emits a light pulse under control of the controller 10.

The light-receiving unit 20 includes a light receiving device for detecting light such
as a photodiode. The light-receiving unit 20 can be an avalanche photodiode including
an amplification circuit therein to detect minute light.

The reflection mirror 50 reflects a light pulse emitted from the light-emitting unit 30
to a measurement space, and allows returning light reflected by an object in the
measurement space to be incident to the light-receiving unit 20.

The actuator 40 changes the angle of the reflection mirror 50 under control of the
controller 10. The actuator 40 allows the reflection mirror 50 to rotate in a first
direction around a first axis, and allow the reflection mirror 50 to rotate in a second
direction around a second axis perpendicular to the first axis.

For example, the actuator 40 can drive the reflection mirror 50 such that the
reflection mirror 50 rotates in the first direction by 360 degrees around the first axis
and rotates in the second direction within a range of 10 degrees around the second
axis.

Also, the actuator 40 can drive the reflection mirror 50 such that the reflection mirror

50 rotates by 180 degrees around the first axis, or rotates within a range of £90 degrees
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around the second axis.

Also, the actuator 40 can drive the reflection mirror 50 such that the reflection mirror
50 rotates in different rotational velocity and angle range around the first and second
axes, and change the frequency of a light pulse depending on an operating mode.

In the case where a light pulse emitted from the light-emitting unit 30 is reflected by
an object in a measurement space and incident to the light-receiving unit 20, the range
finder according to the embodiment measures a distance to the object in the
measurement space from the range finder with consideration of the flying time and the
velocity of the light pulse.

Since the range finder according to the embodiment measures a distance while the
reflection mirror 50 rotates around the first and second axes as the actuator 40
operates, it can measure a distance of an object located in a 3D space. That is, the
range finder can realize 3D space recognition technology.

Meanwhile, the range finder according to the embodiment can measure a distance of
an object located in a measurement space with varied resolution of the measurement
space. The controller 10 can increase the frequency of a light pulse emitted from the
light-emitting unit 30 in order to increase resolution.

Also, the range finder according to the embodiment controls the driving of the
actuator 40 to change the angle range or rotational velocity in which the reflection
mirror 50 rotates around the first and second axes even without changing the frequency
of the light pulse, thereby changing the resolution of the horizontal direction or the
vertical direction.

Also, the range finder according to the embodiment can operate in a first operating
mode and a second operating mode under control of the controller 10 or an external
device connected to the controller 10.

The first operating mode is a long distance measurement mode suitable for the case
of measuring a distance of an object located at a long distance. The second operating
mode is a short distance measurement mode suitable for measuring a distance of an
object located at a short distance.

In the case where the range finder operates in the long distance measurement mode,
the controller 10 decreases a velocity with which the reflection mirror 50 rotates in the
first direction around the first axis, or decreases a velocity or a range in which the
reflection mirror 50 rotates in the second direction around the second axis. Also, the
controller 10 can decrease the frequency of the light pulse.

On the other hand, in the case where the range finder operates in the short distance
measurement mode, the controller 10 increases a velocity with which the reflection
mirror 50 rotates in the first direction around the first axis, or increases a velocity or a

range in which the reflection mirror 50 rotates in the second direction around the
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second axis. Also, the controller 10 can increase the frequency of the light pulse.

Also, the range finder according to the embodiment can operate in a third operating
mode and a fourth operating mode under control of the controller 10 or an external
device connected to the controller 10.

The third operating mode is a precise measurement mode suitable for the case of
precisely measuring an object located in a measurement space. The fourth operating
mode is a movement measurement mode suitable for the case of measuring a relative
movement of an object located in a measurement space.

In the case where the range finder operates in the precise measurement mode, the
controller 10 asynchronizes periods by which the reflection mirror 50 rotates in the
first direction and the second direction around the first axis and the second axis to
allow a light pulse to be densely emitted over a measurement space.

On the other hand, in the case where the range finder operates in the movement
measurement mode, the controller 10 synchronizes periods by which the reflection
mirror 50 rotates in the first direction and the second direction around the first axis and
the second axis to allow a light pulse to be emitted to the same location in a
measurement space.

That is, in the precise measurement mode, light pulses are emitted to all possible
areas in the measurement space to obtain distance information regarding the entire
measurement space. In the movement measurement mode, a light pulse is emitted to
only a constant space of the measurement space to obtain change in distance in-
formation of the constant space.

Location information and distance information obtained through the precise
measurement mode and the movement measurement mode are combined or compared
for each frame, so that precise measurement or movement of an object can be
extracted.

Figs. 2 to 5 are views explaining a range finder according to an embodiment.

Though the controller 10 described in Fig. 1 has not shown in Figs. 2 to 5, the
controller 10 can be realized in the form of a chip mounted in a circuit board
electrically connected with the actuator 40, the light-receiving unit 20, and the light-
emitting unit 30.

The range finder according to the embodiment can be divided into a rotating body
300, a fixing body 310, and a vertical moving body 320 for convenience in description.

Referring to Figs. 2 and 3, the rotating body 300 includes a mirror 303, a mirror
mount 340, and a rotating member 350.

The mirror 303 is formed in a circular shape as a specific embodiment of the
reflection mirror 50 described in Fig. 1.

The mirror 303 reflects a light pulse emitted from a light emitting device 312 to a
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measurement space, and reflects returning light reflected by an object in a
measurement space to send the light to the light receiving device 314.

The mirror mount 340 supports the mirror 303 and allows the mirror 303 to a second
direction 70 around a virtual horizontal axis.

The mirror mount 340 includes a mirror mount plate 304, a connection shaft 305, a
hinge 306, and a rotation guide shaft 307.

The mirror mount plate 304 is realized in a plate supporting the mirror 303. The
connection shaft 305 is coupled to the mirror mount plate 304 and is connected to the
rotation guide shaft 307 through the hinge 306.

The rotation guide shaft 307 is inserted into a guide rail 322 formed in a circular
groove in the inner surface of the vertical moving body 320 to rotate along the guide
rail 322.

The rotating member 350 includes a ring-shaped rotation ring 301 connected with a
motor to receive rotational force from the motor, and fixing shafts 302 fixed at the
rotation ring 301 to support both sides of the mirror mount plate 304 so that the mirror
mount plate 304 can vertically rotate.

The rotating member 350 allows the mirror mount plate 304 supporting the mirror
303 to rotate by 360 degrees around a virtual vertical axis.

Therefore, the mirror 303 rotates in a first direction 60 as the rotating member 350
rotates. At this point, since the rotation guide shaft 307 connected to the mirror mount
plate 304 moves along the guide rail 322, the mirror 303 can freely rotate in the first
direction 60.

Also, since the vertical moving body 320 moves in a sliding manner along a third
direction 80, i.e., a vertical direction, an angel between the connection shaft 305 and
the rotation guide shatt 307 around the hinge 306 changes, so that the mirror mount
plate 304 rotates in the second direction 70 around a virtual horizontal axis formed by
the fixing shafts 302.

Therefore, the slope of the mirror 303 changes, so that a progression path of a light
pulse emitted from the light emitting device 312 changes.

Referring to Figs. 2 and 4, the fixing body 310 includes a base 311. The light-
receiving unit 20 and the light-emitting unit 30 described in Fig. 1 are disposed on the
base 311.

The light receiving device 314 sensing incident reflected light, and a condensing lens
315 condensing the reflected light to the light receiving device 314 as a specific
embodiment of the light-receiving unit 20 are formed on the base 311.

Also, the light emitting device 312 emitting a light pulse in the form of a laser, and a
collimator lens 313 changing light emitted from the light-emitting device 312 into

parallel light as a specific embodiment of the light-emitting unit 30 are formed on the
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through the collimator lens 313, and emitted to a measurement space by the mirror
303. At this point, the progression direction of the light pulse emitted from the light
emitting device 312 changes depending on a degree by which the mirror 303 rotates in
the first direction 60 and a degree by which the mirror 303 rotates in the second
direction 70.

Referring to Figs. 2 and 5, the vertical moving body 320 includes a cylindrical drum
321, the guide rail 322 formed in the circular groove in the inner surface of the drum
321, and a vertical driving member (not shown) allowing the drum 321 to slide in the
third direction 80.

The rotation guide shaft 307 connecting to the mirror mount plate 304 is inserted into
the guide rail 322.

The drum 321 moves in a vertical direction by an operation control of the vertical
driving member. The vertical driving member can be realized in two types.

Figs. 6 and 7 are views explaining an embodiment of the vertical driving member.

Referring to Fig. 6, the vertical driving member can be realized using a linear
actuator 501.

The linear actuator 501 is provided under the vertical moving body 320 to move the
drum 321 vertically.

The linear actuator 501 pushes upward or pulls downward the drum 321 using elec-
tromagnetic force or vacuum force to move the drum 321 vertically.

Referring to Fig. 7, the vertical driving member can be realized using a motor
rotation shaft 601.

The motor rotation shaft 601 is disposed around the vertical moving body 320, and
screw-shaped rails are formed in the inner surface of the motor rotation shaft 601 to
allow the drum 321 of the vertical moving body 320 engaged with the screw-shaped
rail to move vertically as the screw-shaped rail rotates.

As described above, the range finder according to the embodiment can measure a
distance of an object located in a 3D space by allowing the mirror 303 to freely rotate
in the first and second directions 60 and 70.

Figs. 8 and 9 are views illustrating states before and after the mirror 303 rotates in the
first direction 60 by 180 degrees in the range finder according to the embodiment.

Referring to Figs. 8 and 9, a light pulse 701 emitted from the light emitting device
312 is emitted to the right direction through the mirror 303, and reflected light 702
incident from the right direction returns to the light-receiving device through the mirror
303.

On the other hand, in the case where the mirror 303 rotates in the first direction 60 by
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180 degrees, a light pulse 801 emitted from the light emitting device 312 is emitted to
the left direction through the mirror 303, and reflected light 802 incident from the left
direction returns to the light receiving device 314 through the mirror 303.

Though the mirror 303 can rotate in the first direction 60 by 360 degrees according to
the embodiment, a range and a rotation velocity in which the mirror 303 rotates in the
first direction 60 can be variously designed depending on a product to which the range
finder is applied.

Also, even in the case where the range finder is applied to the same products, the
rotation range and the rotation velocity can be varied depending on the operating mode
of the range finder.

Figs. 10 to 12 are views the mirror 303 having rotated in the second direction 70 in
the range finder according to an embodiment.

The mirror 303 has a slope of 35 to 55 degrees with respect to a horizontal plane as
the vertical moving body 320 moves vertically.

As illustrated in Fig. 10, in the case where the vertical moving body 320 moves in the
lower direction, the mirror 303 has a slope of 55 degrees with respect to the horizontal
plane. As illustrated in Fig. 12, in the case where the vertical moving body 320 moves
in the upper direction, the mirror 303 has a slope of 35 degrees with respect to the
horizontal plane.

Though the mirror 303 rotates in the second direction 70 within the range of +10
degrees in the embodiment, the range within which the mirror 303 rotates in the second
direction 70 can change depending on a design of a product to which the range finder
is applied.

That is, though the mirror 303 can rotate in the second direction 70 within the range
of £10 degrees in the embodiment, the rotation range and the rotation velocity in which
the mirror 303 rotates in the second direction 70 can be varied depending on a design
of a product to which the range finder is applied.

Also, even in the case where the range finder is applied to the same products, the
rotation range and the rotation velocity can be varied depending on the operating mode
of the range finder.

For example, the range finder can rotate in the second direction 70 within the range
of +45 degrees from a slope of 45 degrees.

Also, in the case where the range finder operates in the long distance measurement
mode, the controller 10 can decrease a velocity in which the reflection mirror 50
rotates in the second direction 70 or limit a range within which the reflection mirror 50
rotates in the second direction 70 to £5 degrees.

Also, in the case where the range finder operates in the short distance measurement

mode, the controller 10 can increase a velocity in which the reflection mirror 50 rotates
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in the second direction 70 or increase a range within which the reflection mirror 50
rotates in the second direction 70 to £15 degrees.

Also, in the case where the range finder operates in the precise measurement mode,
the controller 10 can asynchronize periods by which the reflection mirror 50 rotates in
the first direction 60 and the second direction 70. In the case where the range finder
operates in the movement measurement mode, the controller 10 can synchronize
periods by which the reflection mirror 50 rotates in the first direction 60 and the
second direction 70.

The range finder according to an embodiment allows the mirror 303 to rotate in the
first direction 60 and the second direction 70 in order to measure a distance of an
object located in a 3D space.

The range finder according to an embodiment minimizes the number of parts driven
in order to emit a light pulse from the light emitting device 312 to a 3D space, thereby
simplifying driving of the actuator 40 and miniaturizing the actuator 40.

That is, the range finder according to the embodiment allows the mirror 303 to
perform a relative motion with respect to the light emitting device 312 and the light
receiving device 314, thereby miniaturizing the actuator 40.

Specifically, parts driven in order to emit a light pulse from the light emitting device
312 in the first direction 60 are the mirror 303, the mirror mount 340, and the rotating
member 350. Also, parts driven in order to emit a light pulse emitted from the light
emitting device 312 in the second direction 70 are the mirror 303, the mirror mount
340, and the vertical moving body 320.

Therefore, the embodiment can provide the range finder having a simple operation
and a small size.

Particularly, the range finder according to the embodiment can change a velocity
with which the mirror 303 rotates in the first direction 60 and the second direction 70
to order to change the resolution of the horizontal direction and the resolution of the
vertical direction.

For this purpose, the controller 10 controls a velocity at which the rotating member
350 rotates in the first direction 60, or controls a velocity or a range in which the
vertical moving body 320 moves in the vertical direction. At this point, the controller
10 can control the operation of a part to which a lowest load is applied.

Fig. 13 is a view explaining the controller of the range finder according to the
embodiment.

The controller 10 includes a control unit 11, an actuator driver 12, a light signal
control unit 13, a memory 14, and an interface 15.

The actuator driver 12 applies a driving signal for rotating the mirror 303 in the first

direction 60 and the second direction 70 in response to a control signal of the control
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unit 11. Also, the actuator driver 12 obtains the rotation state information of the mirror
303 to transmit the information to the control unit 11.

The rotation state information of the mirror 303 is used as location information of a
direction in which the light pulse has been emitted.

For example, the rotation state information of the mirror 303 can be obtained by
attaching index marks to the rotation ring 301 and the drum 321 and installing a sensor
detecting the index marks to judge a state in which the rotation ring 301 and the drum
321 move in the first direction 60 and the second direction 80.

The light signal controller 13 allows a light pulse to be emitted from the light-
emitting unit 30 under control of the control unit 11, and converts a signal output from
the light-receiving unit 20 into a digital signal to transmit the signal to the control unit
11.

The memory 14 stores distance information and location information obtained
through the light-receiving unit 20.

The memory 14 can store distance information and location information of a
measurement space for each frame, and can store information regarding a combination
or a difference of distance information and location information of a plurality of
frames.

The interface 15 is connected to an external device to allow distance information and
location information obtained by the range finder to be transmitted to the external
device, and transmits a control command to the control unit 11 when the control
command is input from the external device.

Figs. 14 to 16 are views explaining a method for finding a range according to an
embodiment.

Fig. 14 illustrates a distance measurement range for each vertical moving trace of the
vertical moving body 320.

The vertical moving body 320 do not move during a measuring range, and moves
downward during an idle range.

The mirror 303 rotates in the second direction 70 depending on a distance by which
the vertical moving body 320 moves in the vertical direction. In the embodiment, the
mirror 303 rotates in the second direction 70 within the angle range of +10 degrees.

During the measurement range, the mirror 303 rotates in the first direction 60. In the
embodiment, the mirror 303 rotates in the first direction 60 within the angle range of
360 degrees.

Fig. 15 is a view explaining a method for finding a range according to an
embodiment.

To measure a distance of an object existing in a measurement space, an operation of

obtaining distance information of one point of the objects is performed (S1102).
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Obtaining distance information of the one point is described. A light pulse is emitted
from the light emitting device 312, and the collimating lens 313 changes the light-pulse
into parallel light. The light pulse having reached the object is reflected by the surface
of the object, and a portion of the light returns to a direction in which the range finder
is located.

The reflected light is reflected by the mirror 303, and then passes through the
condensing lens 315 and is condensed to the light receiving device 314. The light
receiving device 314 senses a condensed signal and delivers the signal to the light
signal control unit 13. Through the above process, distance information of one point in
a measurement space is obtained.

After the distance information of the one point in the measurement space is obtained,
the rotating body 300 is rotated to rotate the mirror 303 by 360 degrees, so that a
distance of one line in a horizontal direction (S1104).

After the distance measurement of the one line is completed, the slope of the mirror
303 is changed step by step using the vertical moving body 320 (S1106).

The operations S1104 and S1106 are performed by rotating the rotating body 300
while the location of the vertical moving body 320 is changed until the mirror 303
reaches a maximum or minimum slope (S1108).

Consequently, distance information of a 3D space can be obtained (S1110).

Fig. 16 illustrates a scanning method of a 3D space in a range finder according to an
embodiment.

A quadrangle shown in Fig. 16 means a measurement space 200.

The horizontal axis of the measurement space 200 is a range, for example 360
degrees, within which the mirror 303 rotates in the first direction 60. Therefore, the left
vertical axis and the right vertical axis of the measurement space 200 are the same
direction in the range finder.

If a range within which the mirror 303 rotates in the first direction 60 is set to 180
degrees, the left vertical axis and the right vertical axis of the measurement space 200
are opposite directions on a circumference around the range finder.

The vertical axis of the measurement space 200 is a range within which the mirror
303 rotates in the second direction 70. The mirror 303 exemplarily rotates in the
second direction 70 within +£10 degrees from a slope of 45 degrees.

Circles shown in Fig. 16 mean a light pulse. Since the velocity of the light pulse 210
is very fast, it is considered that a direction in which the light pulse 210 is emitted and
a direction in which reflected light is incident are substantially the same.

The light pulse 210 is emitted from the lower left side of the measurement space 200
and emitted to the lower right side along an arrow direction, so that scan for one line is

performed. Also, while the light pulse 210 moves to the upper direction gradually, scan
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for one line is performed. For reference, scan sequence for the entire measurement
space 200 is displayed using numbers.

Therefore, distance measurement for an object existing in the entire measurement
space 200 is performed.

Meanwhile, the light pulse 210 generates distance information. After each light pulse
210 is emitted, a time at which reflected light is measured, so that the distance of an
object existing in the direction in which the light pulse 210 is emitted can be measured.

Figs. 17 and 18 are views explaining a method for finding a range in which a driving
method of an actuator has been changed in a different way in a range finder according
to an embodiment.

In the method for finding the range according to another embodiment, the mirror 303
is rotated in the first direction 60 and simultaneously rotated in the second direction 70.
That is, the vertical body 320 linearly moves in the lower direction until scan of the

measurement space 200 is completed.

Comparison of Fig. 14 with Fig. 17 shows that the method for fining the range ex-
emplified in Fig. 17 can swiftly complete scan of the measurement space 200 because
it has a short idle range where distance measurement is not performed in comparison
with the method for finding the range exemplified in Fig. 14.

Fig. 19 is a view illustrating a light pulse 210 is emitted to the measurement space
200 in the case where the measurement space 200 is in the range of 0-180 degrees in
the first direction 60 in the range finder according to an embodiment.

Since a range in which the mirror 303 rotates in the first direction 60 is set to 0-180
degrees, the left vertical axis and the right vertical axis of the measurement space 200
are the opposite directions on a circumference around the range finder.

The mirror 303 rotates in the first direction 60 and the second direction 70.

Figs. 20 and 21 are views explaining a method for finding a range in which a driving
method of an actuator has been changed in another different way in a range finder
according to an embodiment.

In the method for finding the range according to another embodiment, the mirror 303
is rotated in the first direction 60 and simultaneously rotated in the second direction 70.

That is, the vertical moving body 320 linearly moves in the upper and lower
directions.

Comparison of Fig. 14 with Fig. 20 shows that the method for fining the range ex-
emplified in Fig. 20 can swiftly complete scan of the measurement space 200 because
it has no idle range where distance measurement is not performed unlike the method
for finding the range exemplified in Fig. 14.

Fig. 22 is a view explaining a method for converting location information measured

by a range finder according to an embodiment.
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The method for finding the range shown in Fig. 16 can obtain distance information of
a uniform location over the entire measurement space 200, and can obtain distance in-
formation of locations aligned with a constant interval in the horizontal direction and
the vertical direction. Therefore, an external device connected to the interface 15 can
easily use location information and distance information.

On the other hand, the method for finding the range shown in Figs. 18, 19, and 21
cannot obtain distance information of a uniform location over the measurement space
200, or cannot obtain distance information of locations aligned in the horizontal and
vertical directions.

Therefore, in the case where the locations of the light pulses 210 emitted to the
measurement space 200 are not uniform over the entire measurement space 200, or not
aligned in the horizontal and vertical directions, the obtained location information
needs to be converted.

Referring to Fig. 22, the entire measurement space 200 is divided into a plurality of
small regions 220 having a uniform size.

The plurality of small regions 220 are aligned in the horizontal and vertical
directions, and the center of each small region 220 is set as a virtual reference point
230.

If the light pulse 210 is located on one of the plurality of small regions 220, the
location information of the light pulse 210 is replaced by the location information of
the reference point 230 of the small region 220 on which the light pulse 210 is located.
Therefore, the distance information of the light pulse 210 is replaced by the distance
information of the reference point 230.

The location information of the light pulse 210 can be replaced by the location in-
formation of a most adjacent reference point 230.

As described above, the location information of the light pulse 210 is mapped to new
location information that can be easily processed.

If the light pulse 210 is not located on one of the plurality of small regions 220, it is
processed that distance information included in the small region 220 where the light
pulse 210 does not exist or the light pulse 210 has a distance that cannot be measured.

If a plurality of light pulses 210 are located on one of the plurality of small regions
220, the distance information of a light pulse 210 detected last is replaced by the
distance information of a corresponding reference point 230, or the distance in-
formation of a close distance is replaced by the distance information of the reference
point 230.

Since the reference points 230 are separated with a uniform interval and aligned in
the horizontal and vertical directions over the entire measurement space 200, the

distance information of the light pulse 210 having been replaced by the distance in-
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formation of the reference point 230 can be easily used by an external device.

Meanwhile, the sizes of the small regions 220 can be freely designed.

When the small regions 220 are designed too large, distance information in an
accurate direction cannot be obtained. When the small regions 220 are designed too
small, regions having on distance information increases and much time may be
consumed in processing data.

Therefore, the sizes of the small regions 220 can be designed such that the number of
the small regions 220 may be similar to the number of the light pulses 210 in the entire
measurement space 200.

Conversion of the location information can be processed by the control unit 11 of the
controller 10, or not processed by the controller 10 but by an external device connected
with the controller 10.

Meanwhile, the above-described range finder can perform distance measurement on
an object in the measurement space 200 with varied resolution depending on selection.
For example, more accurate distance measurement of an object in the measurement

space 200 can be made by increasing the pulse frequency of the light pulse 210.

The varying of the resolution can be performed under control of the external device
connected with the interface 15, or under control of the control unit 11.

The control unit 11 controls the light signal control unit 13 to vary the frequency of
the light pulse 210.

Fig. 23 is a view explaining that resolution has been increased by increasing the
frequency of a light pulse at a range finder according to an embodiment.

Comparison of Fig. 23 with Fig. 18 shows that two times of light pulses 210 are
emitted to the same measurement space 200, so that more accurate distance
measurement is performed on an object located in the measurement space 200.

Also, the resolution of the horizontal direction can be increased and the resolution of
the vertical direction can be decreased even without changing the frequency of the
light pulse 210 by decreasing a velocity in which the mirror 303 rotates in the first
direction 60.

Fig. 24 is a view explaining that the resolution of a horizontal direction and the
resolution of a vertical direction are changed by decreasing velocity at which a mirror
rotates in a first direction in a range finder according to an embodiment.

Comparison of Fig. 24 with Fig. 18 shows that the frequency of the light pulse 210
does not change but a velocity at which the mirror 303 rotates in the first direction 60
decreases by half, so that the resolution of the horizontal direction increases but the
resolution of the vertical direction decreases.

Also, the resolution of the horizontal direction is decreased and the resolution of the

vertical direction can be increased even without changing the frequency of the light
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pulse 210 by increasing a velocity at which the mirror 303 rotates in the first direction
60.

Fig. 25 is a view explaining that the resolution of a horizontal direction and the
resolution of a vertical direction are changed by increasing a velocity at which a mirror
rotates in a first direction in a range finder according to an embodiment.

Comparison of Fig. 25 with Fig. 18 shows that the frequency of the light pulse 210
does not change but a velocity at which the mirror 303 rotates in the first direction 60
increases by two times, so that the resolution of the horizontal direction decreases but
the resolution of the vertical direction increases.

As described above, the range finder according to the embodiment can change
resolution by changing the frequency of the light pulse 210, and can change the
resolution of the horizontal direction or the vertical direction by changing the rotational
velocity of the mirror 303.

Meanwhile, though Figs. 24 and 25 exemplarily shows changing a velocity at which
the mirror 303 rotates in the first direction 60, resolution can be changed by changing a
velocity at which the mirror 303 rotates in the second direction 70.

The range finder according to the embodiment can operate in the long distance
measurement mode and the short distance measurement mode.

The long distance measurement mode can be effectively used for the case where the
distance of an object located far away from distances selected in the measurement
space 200 needs to be measured. The short distance measurement mode can be ef-
fectively used for the case where the distance of an object located within distances
selected in the measurement space 200 needs to be measured.

Here, whether a distance is the long distance or the short distance can be selectively
determined depending on a product to which the range finder is applied. For example,
in a range finder used for self-controlled driving of an automobile, a distance greater
than 10 m is regarded as the long distance, and a distance less than 10 m is regarded as
the short distance.

In the case where the range finder operates in the long distance measurement mode,
the controller 10 decreases a velocity at which the mirror 303 rotates in the first
direction 60, or decreases a velocity or a range in which the mirror 303 rotates in the
second direction 70. Alternatively, the controller 10 can decrease the pulse frequency
of the light pulse 210.

For example, the controller 10 can control a range within which the mirror 303
rotates in the second direction 70 in the long distance measurement mode to be +5
degrees from a slope of 45 degrees.

Since the long distance measurement mode is designed for measuring the distance of

an object located at a long distance, distance measurement over a wide range in the
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vertical direction of the measurement space 200 is not necessarily required, and precise
resolution of the vertical direction is not required.

In the case where the range finder operates in the short distance measurement mode,
the controller 10 increases a velocity at which the mirror 303 rotates in the first
direction 60, or increases a velocity or a range in which the mirror 303 rotates in the
second direction 70. Alternatively, the controller 10 can increase the pulse frequency
of the light pulse 210.

For example, the controller 10 can control a range within which the mirror 303
rotates in the second direction 70 in the short distance measurement mode to be +15
degrees from a slope of 45 degrees.

The short distance measurement mode is designed for measuring the distance of an
object located at a close distance, distance measurement over a wide range in the
vertical direction of the measurement space 200 is required, and precise resolution of
the vertical direction is required.

The range finder according to the embodiment varies the pulse frequency of the light
pulse 210 or a velocity or a range in which the mirror 303 rotates in the first direction
60 or the second direction 70 depending on a measurement mode to perform distance
measurement for the measurement space 200.

Fig. 26 is a view explaining the operation of the range finder according to an
embodiment.

The range finder according to the embodiment can operate in a precise measurement
mode and the movement measurement mode (S1200).

The precise measurement mode is described. The precise measurement mode can
realize a function of extracting an object through information such as the shape, the ar-
rangement, and the distance of the object located in a measurement space 200.

In the precise measurement mode, rotating the mirror 303 in the first direction 60 and
rotating the mirror 303 in the second direction 70 are asynchronized (S1201).

That is, a position from which the light pulse 210 is emitted is changed every frame.

For example, in case of obtaining location information and distance information of
one frame for one second, the range finder according to the embodiment allows the
mirror 303 to rotate in the first direction 60 by 360 degrees at a frequency of 3 Hz, and
to rotate in the second direction 70 by +15 degrees and then by -15 degrees at a
frequency of 3.1 Hz.

In this case, the first direction 60 of the mirror 303 is the same but the second
direction 70 of the mirror 303 changes at a start point of each frame.

Therefore, location information regarding the emission of the light pulse 210 changes
every frame (S1202).

Fig. 27 is a view explaining a scanning process of a light pulse and a combination of
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light pulses in a plurality of frames in the case where a range finder according to an
embodiment operates in a precise measurement mode.

That is, when rotating the mirror 303 in the first direction 60 and rotating the mirror
303 in the second direction 70 are asynchronized, and location information and
distance information of a plurality of frames are combined, light pulses 210 can be
emitted without the dead angle area of the measurement space 200 as illustrated in Fig.
27 (S1204).

Therefore, light pulses 210 can be emitted densely to the measurement space 200,
and the precise distance information of a fine region or a partial location of an object
located in the measurement space 200 can be obtained.

Meanwhile, as illustrated in Fig. 22, the location information can be converted into
new location information that is easy to process (S1203).

Also, a sequence of the process S1204 of combining the location information and the
distance information of a plurality of frames, and the process S1203 of converting
location information into new location information can change.

Next, an object located in the measurement space 200 is extracted using combined
information of the location information and the distance information of the plurality of
frames (S1205).

The range finder according to the embodiment can obtain distance information of
very high resolution by combining the location information and the distance in-
formation of the plurality of frames. Therefore, the shapes, the arrangement, and the
distances of objects located in the measurement space 200 can be identified.

For example, when distance information of a first point and a second point having
adjacent location information in the measurement space 200 has a great difference, the
first point and the second point can be portions of different objects.

Also, when a plurality of points having adjacent location information have the same
distance information, or constant change in distance information, the plurality of points
can be a portion of one object.

That is, the control unit 11 can identify an object existing in the measurement space
200 using location information in the measurement space 200 and change in distance
information according to changed in the location information.

Fig. 28 illustrates that an object located in a measurement space 200 has been
extracted through a precise measurement mode.

As illustrated in Fig. 28, objects located in the measurement space 200 can be
identified through the precise measurement mode.

Also, the range finder according to the embodiment can operate in a movement
measurement mode (S1200).

The movement measurement mode is described. The movement measurement mode
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can realize a function of extracting the relative movement and velocity of an object
located in the measurement space 200. That is, in the case where an object in the
measurement space 200 moves or the range finder moves, the relative movement of the
object with respect to the range finder can be extracted.

In the movement measurement mode, rotating the mirror 303 in the first direction 60
and rotating the mirror 303 in the second direction 70 are synchronized (S1211).

That is, a position from which the light pulse 210 is emitted is made to be the same
every frame.

For example, in the case where the range finder according to the embodiment obtains
the location information and the distance information of one frame for one second, the
mirror 303 can be made to rotate by 360 degrees in the first direction at a frequency of
3 Hz and to rotate by +15 degrees and then by -15 degrees in the second direction 70 at
a frequency of 3 Hz.

In this case, the first direction 60 and the second direction 70 in which the mirror 303
rotates become the same at a start point of each frame.

Therefore, location information regarding emission of the light pulse becomes the
same every frame (S1212).

Fig. 29 illustrates that a scanning process of a light pulse and a combination of light
pulses in a plurality of frames in the case where a range finder according to an
embodiment operates in the movement measurement mode.

That is, when rotating the mirror 303 in the first direction 60 and rotating the mirror
303 in the second direction 70 are synchronized, and location information and distance
information of a plurality of frames are combined, light pulses 210 can be emitted to
the same location of the measurement space 200 (S1212).

Therefore, the light pulses 210 can be emitted with a constant interval to a pre-
determined location of the measurement space 200, and location information and
distance information of a plurality of frames can be compared for each frame, so that
the movement and velocity of an object located in the measurement space 200 can be
extracted (S1214).

Meanwhile, as described in Fig. 22, the location information can be converted into
new location information easy to process (S1213).

Also, a sequence of the process S1214 of comparing the location information with
the distance information of a plurality of frames, and the process S1213 of converting
location information into new location information can change.

Next, the movement or velocity of an object located in the measurement space 200
are extracted using information of comparing the location information with the
distance information of the plurality of frames (S1215).

That is, the control unit 11 compares the location information with the distance in-
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formation of the plurality of frames stored in the memory 14 for each frame to extract
the movement and the velocity of an object located in the measurement space 200.

For example, in the case where distance information of adjacent first to fourth points
in the measurement space 200 has been measured as 10 m in a first frame, distance in-
formation of adjacent first to sixth points in the measurement space 200 has been
measured as 9 m in a second frame, distance information of adjacent first to eighth
points in the measurement space 200 has been measured as 8 m in a third frame, it can
be judged that an object located at the first to fourth points in the first frame gradually
moves to a relatively close location.

Also, the moving velocity of the object can be extracted using a measurement time
difference between the first frame and the third frame, and the moving distance of the
object.

The control unit 11 transmits the location information and the distance information of
the plurality of frames stored in the memory 14 under control of an external device to
allow the external device can extract the identification, the movement, and the velocity
of an object located in the measurement space 200.

Also, the control unit 11 can extract the identification, the movement, and the
velocity of an object located in the measurement space 200 using the location in-
formation and the distance information of the plurality of frames stored in the memory
14 under control of the external device.

Although embodiments have been described with reference to a number of il-
lustrative embodiments thereof, it should be understood that numerous other modi-
fications and embodiments can be devised by those skilled in the art that will fall
within the spirit and scope of the principles of this disclosure. More particularly,
various variations and modifications are possible in the component parts within the
scope of the disclosure, the drawings and the appended claims.

Industrial Applicability

The range finder according to an embodiment can be applied to various industrial

fields using space recognition or movement measurement that uses distance

measurement such as a robot, an automobile, and a security device.
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Claims

A range finder comprising:

a light-emitting unit emitting a light pulse;

a light-receiving unit detecting reflected light incident thereto;

a reflection mirror reflecting the light pulse emitted from the light-emitting unit
to a measurement space, and reflecting the reflected light reflected by an object
in the measurement space so that the reflected light is incident to the light-
receiving unit;

an actuator allowing the reflection mirror to move; and

a controller obtaining distance information from a signal detected by the light-
receiving unit, and obtaining location information from the actuator.

The range finder according to claim 1, wherein the reflection mirror moves in a
first direction and a second direction.

The range finder according to claim 1, wherein the controller stores the distance
information and the location information by the frame or transmits the distance
information and the location information to an external device by the frame.
The range finder according to claim 1, wherein the controller varies at least one
of a frequency of the light pulse, a velocity at which the reflection mirror moves,
and a range within which the reflection mirror moves depending on an operating
mode.

The range finder according to claim 2, wherein the light pulse is emitted to a
location moved in a horizontal direction as the reflection mirror moves in the
first direction, and the light pulse is emitted to a location moved in a vertical
direction as the reflection mirror moves in the second direction.

The range finder according to claim 2, wherein the actuator comprises:

a rotating member moving to the first direction while supporting the reflection
mirror such that the reflection mirror is movable to the second direction;

a mirror mount supporting the reflection mirror; and

a vertical moving body connected with the mirror mount and moving vertically
to allow the reflection mirror to rotate in the second direction.

The range finder according to claim 6, wherein the mirror mount is coupled to
the vertical moving body to be movable to the first direction, and allows the
reflection mirror to move to the second direction by a hinge operation as the
vertical moving body moves vertically.

The range finder according to claim 1, wherein a virtual rotational axis allowing
the reflection mirror to move to a first direction and another virtual rotational

axis allowing the reflection mirror to move to a second direction are per-
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pendicular to each other.

The range finder according to claim 3, wherein the controller combines location
information and distance information of a plurality of frames to calculate new
location information and distance information.

The range finder according to claim 3, wherein the controller compares location
information and distance information of a plurality of frames to calculate
movement or moving velocity of an object located in the measurement space.
The range finder according to claim 4, wherein the controller performs at least
one of decreasing a moving velocity at which the reflection mirror moves around
a vertical axis, decreasing a velocity or a range in which the reflection mirror
moves around a horizontal axis, and decreasing a pulse frequency of the light
pulse when the operating mode is a long distance measurement mode, and
performs at least one of increasing a moving velocity at which the reflection
mirror moves around a vertical axis, increasing a velocity or a range in which the
reflection mirror moves around a horizontal axis, and increasing a pulse
frequency of the light pulse when the operating mode is a short distance
measurement mode.

The range finder according to claim 1, wherein the controller replaces the
location information by location information aligned in a horizontal direction and
a vertical direction in the measurement space, and recognizes the object using the
aligned location information and the distance information of the object.

The range finder according to claim 12, wherein the measurement space is
divided into small regions each having a virtual reference point, and location in-
formation of an object located in each small region is replaced by location in-
formation of the reference point.

The range finder according to claim 1, wherein the controller maps the location
information to new location information, and recognizes the object using the new
location information and the distance information of the object.

A method for finding a range, the method comprising:

emitting a light pulse to a measurement space and detecting reflected incident
light reflected by an object to obtain location information and distance in-
formation of the object; and

varying a direction in which the light pulse is emitted to obtain location in-
formation and distance information of the object.

The method according to claim 15, comprising emitting the light pulse to a
direction moved to at least one of a first direction and a second direction per-
pendicular to the first direction to obtain the location information and the

distance information of the object.
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The method according to claim 16, wherein the light pulse moves to one of the
first and second directions and then moves to the other direction.

The method according to claim 16, wherein the light pulse simultaneously moves
to both the first direction and the second direction.

The method according to claim 15, wherein a direction in which the light pulse is
emitted by a reflection mirror is varied.

The method according to claim 15, wherein the location information and the
distance information are stored by the frame.

The method according to claim 20, comprising obtaining and storing the location
information and the distance information for a plurality of frames, and
combining the location information and the distance information of the plurality
of frames to calculate new location information and new distance information.
The method according to claim 21, comprising comparing the location in-
formation and the distance information of the plurality of frames to calculate a
movement or a moving velocity of an object located in the measurement space.
The method according to claim 15, comprising:

inputting an operating mode; and

varying at least one of a frequency of the light pulse, a displacement velocity in
the direction in which the light pulse is emitted, and a displacement range in the
direction in which the light pulse is emitted depending on the operating mode to
obtain location information and distance information of the object.

The method according to claim 23, comprising:

performing at least one of decreasing a displacement velocity in a horizontal
direction parallel to the direction in which the light pulse is emitted, decreasing a
displacement velocity or a displacement range in a vertical direction per-
pendicular to the direction in which the light pulse is emitted, and decreasing a
pulse frequency of the light pulse when the operating mode is a long distance
measurement mode; and

performing at least one of increasing a displacement velocity in a horizontal
direction parallel to the direction in which the light pulse is emitted, increasing a
displacement velocity or a displacement range in a vertical direction per-
pendicular to the direction in which the light pulse is emitted, and increasing a
pulse frequency of the light pulse when the operating mode is a short distance
measurement mode.

The method according to claim 15, comprising:

inputting an operating mode; and

changing the direction in which the light pulse is emitted every frame when the

operating mode is a precise measurement mode; and
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maintaining the same direction in which the light pulse is emitted every frame
when the operating mode is a movement measurement mode.

A method for finding a range, the method comprising:

emitting a light pulse to a measurement space and detecting reflected incident
light reflected by an object to obtain location information and distance in-
formation of the object;

mapping the location information to new location information; and

measuring a distance of the object using the new location information and the
distance information.

The method according to claim 26, wherein the mapping of the location in-
formation comprises mapping a location corresponding to the location in-
formation according to a distance from the new location information.

The method according to claim 26, wherein the new location information
comprises location information aligned in at least one of a horizontal direction
and a vertical direction.

The method according to claim 26, wherein the measurement space is divided
into small regions each having a virtual reference point, and location information
of an object located in each small region is replaced by location information of

the reference point.



1/10

—30

WO 2008/140253
[Fig. 1]
40 50
{ {
REFLECTION
ACTUATOR M1RROR "
LIGHT-RECEVING LIGHT-EMITTING
UNIT UNIT
l
20

[Fig. 2]

[Fig. 3]

| CONTROLLER

303

PCT/KR2008/002681



WO 2008/140253

[Fig. 4]

310
BN 315 313
/

.
‘b‘j#

Lj}J 312
314
T~ 311
[Fig. 5]
320
/~ 322 f
1/ 7
2/ &
Z
. /
322 —'/ 3127
[Fig. 6]
320

4 f~321

501 501

320

/ 301
|

~—601

AL

—— 80

210

PCT/KR2008/002681



3/10

WO 2008/140253

[Fig. 8]

701 702

PCT/KR2008/002681



4/10

WO 2008/140253 PCT/KR2008/002681
[Fig. 10]
> 55
303
N7
1 .
Y ¥
- 320
[Fig. 11]
) A
' Y
320
[Fig. 12]
.35
X
303
-
A )
5 — %
| L~ 320




5/10

WO 2008/140253 PCT/KR2008/002681
[Fig. 13]
s 10
15
| ( .
[ (
LIGHT SIGNAL wtercacel T

CONTROL UNIT

vy 0

ACTUATOR CONTROL
DRI VER UNIT MEMORY
( { {
] ] ]
12 11 14
[Fig. 14]
o
Measur ing range
\ range
& B R
> INITIAL POINT
£ MOVEMENT
S
53
= =
=T
= TIME
—
[Fig. 15]

( START )

OBTAIN DISTANCE INFORMATION [ g1q00
FOR ONE POINT IN 3D SPACE

'
OBTAIN DISTANCE INFORMAT 0N
FOR HORIZONTAL AXIS USING | 1104
ROTATION OF ROTATING BODY

Y

CHANGE MIRROR SLOP STEP BY STEP
USING VERTICAL MOVING BODY

—— 51106

MAXTMUM SLOPE? 51108

OBTAIN 3D INFORMATION F‘-*S1110

( EéD )




6/10

WO 2008/140253 PCT/KR2008/002681
[Fig. 16]
200
Ve e—66-6-6-66-06-6-6-6}-0
l0--0--0--0--0-0--0-O0-0-0 -0 -0~
©--0--0--0 OO0 -O--0--O0--0--0f=®
-©--0---0 - 0---0-- 00000061+ D
oteo--0-0--0--0-0-0-0--0--0--0--0=F SCAN
000 --0—-0--0--0--0--0-0-0-6{~3 | pRECTION
- --0---0--0---6--0--0--O--0-----0---6{+ 4
- --O---0--0--—-60--0--0--O--0---0--0---61+~ 3
-0--0---0--0-—-6--0--0--0-0---0--0--0 =3
o9 o6 e 00 0 0 0 0 0~
o | FIRST DIRECT ION 360°
210
[Fig. 17]
Idle
range
g Measuring range | ( |
=
)
> O
U_CD
[« )
=
_ =
O >
==
<r
(@]
(e
= TIME
[Fig. 18]
200
- / . ®
R N
o o000 O
o --0--0---0—-0"© ol @
,e——e———e——e-“e‘& S
o -0--0--0--00" o oo~ |
L O--0O--0 e |
76_7_97_&__6__6__76—707_0 ° O o-—© —» (B i
. OO OO v
secono Olg o -0 --0--0-® o 0 000 =6
DIRECTION | o o -0 00 0O~ o G- - @
7(3_,_6},_4;F--e>-—4:»-—<3-74c>—7*3*--:;__{3___€}__43_ -3
D @
-0 -0 00T
| - 00000 O
L¢] 9_70——07--6‘“9 L/
-10° e S o e S
0 FIRST DIRECTION 360
210
[Fig. 19]
10° p
01000 -0~
°e © e %% soceetn |
B40-502 50 000 i
7__0__0__70_79__79_"@"—0**—@:&-» (7 i
SECOND OO OO O T W
DIRECTION @*9%@“q095§0 !
0° __’O'“G——*Oa_{:)-_é:géze%_> o) i SCAN
@ 40-50g8 5@ S0 0T OO ~ I DIRECTION
& oo o oo !
@ 40-0050 520 ©
60 -0-0-0_o !
OO0+
-0 N
—-10° A_O--0O--C
e

FIRST DIRECTION o) 180°



PCT/KR2008/002681

710

WO 2008/140253

w
=
—
=
S
— =
T
S8
=
o
. -
e
N - NI
\ © .
_ [ 3
ON a
ﬂe ﬂe ﬂwﬁw
& | X \A_unv/
\a,u ;,A_vﬂn/, omeumomomvomo”@momﬁo
| N \O NU, SRR SN U My S N S S S
O P! | I I I | | I I |
! % / P Sl eiepPioisiCione
g ) ! ﬂ o Q/ o I A N A A R A B B
5 S D9 T g S Ta g |fi%eitg it v
= I S N T B N TN .
5 o o 4o 9 A P O O ey
/ ¢ ;b 8 = 10007171817 W8
@) = 1) \ o 0/ (=} i ey iy R B  —
< =G | ﬂﬂ@, ,,ﬂ = ololololololololole
5 X/ © ;] 7 , < OO QO
=2 e \ ! ! (W) L | i i i | | i i I
2 ) el | < ocloioioiolololojolo
g Y o Ple 13 e e i
1
Avg @e | ;®\:| CIOIOI0I0I0OI0I0I0!10
(S @7 o 9 2 O tolto ot
S8® S ge | C oloiciololojofololo
Y __mvﬂ | o,u n\u ‘QF,\L_\Q_\\\_r\\ﬁ}Lﬂ}_d\_r\#\\
O/O, O,;Q_V ! ! dloloaloloTololdlolo
N ) ; o) ST T P N S A SO N
se [ 8 0] I I e P o] g
Sy ERE Rt
1 |
. . Q%8 4 e 1o . [cioyeie @ leidiolo
o — L oD , A A T TR TR AT
N PN @ & Q o oQoio 1o01©Q1 01 o1 o
) ) P X1 7 I . < . A S S S
S N S B ek e ® 2 B |eemislole e ebe <
L VOI1H3A 40 NOI1VI0T L o L S L S

220 230



8/10

WO 2008/140253
PCT/KR2008/002681

[Fig. 23]
200
©

10°
-%OGO@-OO%OOG—OOO—(—}QU«TV
OO—OGO—(—}OO—G}

| 6006000000000
~aaeaeeoeeoeeeeoeeeeeoee—
nr&eeeeeoeeoeeoeoeeoeeeee—
[ﬁgg%No-ooeeoeeeeoeeoeooeoeeoeo—
»eeeeeeeeeoeeeeoeeeeooee—
—eeeee—eeeeoe&oeoeeee—eoee @
~e@ee@oeeeeeeeeoeeeeeoee—
—eeeeeeeeeeee@eoeeoeeeee—
‘mbc 006 0-00000060000
5 FIRST DIRECTION 360

o) o

SERE
© (Y o o

SCAN
DIRECTION

I
v
\@)

_*.,Qg

L~ (D)

————————— =

[Fig. 24]

10° / 5

secono O
eoeoee

DIRECTION | 5.0000O®
SCAN

DIRECTION

———————————

T e—

210 FIRST DIRECTION

[Fig. 25]

SECOND ofo—— oo O o0 1

| -~ __ o - O - il

DIRECTION Lo —omr 43___534CF_{9___€}*?t::e}:i§t:€3111§*f’“f>ﬂ
- e O O---- -O--—- [

© cal (\9)® SCAN

RSP S A S L o Bl !
T |
| DIRECTION

FIRST DIRECTION



WO 2008/140253

[Fig. 26]

PRECISE
MEASUREMENT MODE

y

9/10

START

MOVEMENT
MEASUREMENT MODE

MEASUREMENT
MODE OR MOVEMENT
MEASUREMENT
MODE

)

ASYNCHRON | ZE ROTATION
OF FIRST DIRECTION AND
ROTATION OF SECOND
OF MIRROR

SYNCHRON I ZE ROTATION
OF FIRST DIRECTION AND
ROTATION OF SECOND
DIRECTION OF MIRROR

51201 —~—S1211

y

)

CHANGE LOCATION
INFORMATION OF LIGHT
PULSE EVERY FRAME

WAINTAIN THE SAME LOGAT ION
NFORMATION OF LIGHT PULSE
EVERY FRAME

51202 —si212

CONVERT LOCATION
INFORMAT I ON

CONVERT LOCATION

~—S1208 | NFORMAT | ON

51213

y

)

COMBINE LOCATION
INFORMAT ION AND DISTANCE
INFORMATION OF PLURALITY

OF FRAMES

COMPARE LOCATION
INFORMATION WITH DISTANCE
INFORMATION OF PLURALITY

OF FRAMES

~-51204 ~-51214

EXTRACT OBJECT USING
LOCATION INFORMATION AND
DISTANCE INFORMATION

MEASURE MOVEMENT USING
LOCATION INFORMATION AND
DISTANGCE INFORMATION

~-51205 ~—51215

[Fig. 27]

END

M

B

e m ]

AT
! o e -
e
s S e O 28 T i
e it

oo
S

EASUREMENT LOCATION CONT INUOUSLY MOVES

WITH ACCUMULATION FOR
PREDETERMINED TIME

ACCUMULATED PRECISE IMAGE CAN BE EXTRACTED
WITHOUT DEAD ANGLE ZONE (OBJECT CAN BE

)

PCT/KR2008/002681



10/10

WO 2008/140253 PCT/KR2008/002681

[Fig. 28]

CONSTANT LOCATION |5 REPEATEDLY NEASUFED _
WITH ACCALLATION FOR | (MoyI G VELOGITY OF OBJECT AT THE SAE
£y LOGATION GAN BE CALGULATED)




INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2008/002681

A. CLASSIFICATION OF SUBJECT MATTER

GO1C 3/02(20006.01)i, GO1S 15/02(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC 8 GO1C

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean Utilitly Model and applications for Utility Model since 1975 : IPC as above
Japanese Utilitly Model and applications for Utility Model since 1975 : IPC as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKIPASS(KIPO internal) "Keywords : distance, laser, light, beam, mirror and similar terms"

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 07-244153 A (NIKON CORP.) 19. Sep. 1995 1-5. 8, 15-20,23
A See the abstract, claim 1 and figures 1-15 6,7,9-14,21,22,24, 25
A KR 10-1998-0086174 A (DAEWOO ELECTRONICS CO.) 05. Dec. 1998 1-25

See pages 4-6 and figures 3-5

A KR 10-1998-0032243 A (MITSUBISHI ELECTRIC CORP.) 25. Jul. 1998 1-25
See pages 2-4 and figures 1-4

A JP 59-171878 A (NIPPON SOKEN INC.) 28. Sep. 1984 1-25
See claim 1 and figures 1-5

A KR 10-1996-0034982 A (HYUNDAI ELECTRONICS IND., CO., LTD.) 24. Oct. 1996 1-25
See claim 1 and figures 1-7

|:| Further documents are listed in the continuation of Box C. & See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E"  earlier application or patent but published on or after the international ~ "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
17 OCTOBER 2008 (17.10.2008) 17 OCTOBER 2008 (17.102008)
Name and mailing address of the ISA/KR Authorized officer

Korean Intellectual Property Office
Government Complex-Daejeon, 139 Seonsa-ro, Seo- LEE Bong Hoon
gu, Daejeon 302-701, Republic of Korea

Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-8283
Form PCT/ISA/210 (second sheet) (July 2008)




INTERNATIONAL SEFARCH REPORT International application No.
PCT/KR2008/002681

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. I:l Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. The subject matters of claims 1-25 are directed to a method or a device of which technical feature is varying optical pulse
emitting direction in order to measure location and distance of a subject.

II. The subject matter of claims 26-29 are directed to a method of distance measurement whose techanical feature is mapping of
new location information over the previous one..

1. l:l As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:l As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. l:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. & No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 1-25

Remark on Protest I:I The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
I:I No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2008)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/KR2008/002681
Patent document Publication Patent family Publication
cited in search report date member(s) date
JP 07-244153 A 19.09. 1995 None
KR 10-1998-0086174 A 05.12. 1998 None
KR 10-1998-0032243 A 25.07.1998 JP 10-132934 A 22.05. 1998
KR 10-0252557 B1 15.04.2000
US 5808727 A 15.09. 1998
JP 59-171878 A 28.09. 1984 None
KR 10-1996-0034982 A 24.10. 1996 KR 10-147146 B1 17.08. 1998

Form PCT/ISA/210 (patent family annex) (July 2008)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report
	Page 37 - wo-search-report
	Page 38 - wo-search-report

