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DETECTOR, AUTOMATIC DOOR SYSTEM,
AND OPENING AND CLOSING SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to a detector used in
an automatic door system or the like.

BACKGROUND ART

[0002] A detector that detects a target is used in an opening
and closing system such as an automatic door system. Such
a detector is disclosed as, for example, a planar antenna in
Patent Literature 1. The planar antenna disclosed in Patent
Literature 1 includes an antenna array formed by a plurality
of switches electrically connecting a plurality of antenna
elements, and the antenna elements are positioned on a
substrate such that at least two different antenna lobes can be
supplied. According to this configuration, a detection region
can be changed by changing a patch antenna.

CITATION LIST

Patent Literature

[0003] Patent Literature 1: JP2003-198247A
SUMMARY OF INVENTION
Technical Problem
[0004] In a technique in Patent Literature 1, when a range

of the detection region is changed, the detection sensitivity
changes. As a method for changing the range of the detection
region such that the detection sensitivity does not change,
for example, a member having a lens effect on transmitted
radio waves is attached, but this increases the number of
members.

[0005] An aspect of the present invention is to provide a
detector that can easily set a detection region without
changing the detection sensitivity and without performing a
physical change.

Solution to Problem

[0006] In order to solve the above problems, a detector
according to one aspect of the present disclosure includes: a
detection unit including one or more transmitting elements
configured to transmit a frequency modulated continuous
wave (FMCW) type transmitted electromagnetic wave, two
or more receiving elements configured to receive a reflected
electromagnetic wave obtained by the transmitted electro-
magnetic wave being reflected by a target, a calculation unit
configured to calculate a distance to the target and an angle
of arrival of the reflected electromagnetic wave using the
transmitted electromagnetic wave and the reflected electro-
magnetic wave, and a position determination unit configured
to determine a position of the target using the distance and
the angle of arrival; and a detection region setting unit
configured to set a predetermined region including the
position as a detection region in a detectable range in which
the target is to be detected. The detection unit executes
detection in the detection region set by the detection region
setting unit.

[0007] In order to solve the above problem, an automatic
door system according to an aspect of the present invention
includes: the detector; and an automatic door opened and
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closed based on a detection result in the detection region set
by the detection region setting unit of the detector.

[0008] In order to solve the above problem, an opening
and closing system according to an aspect of the present
invention includes the detector; and one of a shutter and a
gate opened and closed based on a detection result in the
detection region set by the detection region setting unit of
the detector.

Advantageous Effects of Invention

[0009] According to an aspect of the present disclosure, it
is possible to easily set a detection region without changing
the detection sensitivity and without performing a physical
change.

BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a block diagram showing a main con-
figuration of an automatic door system according to an
embodiment 1 of the present disclosure.

[0011] FIG. 2 is an external view of the automatic door
system described above.

[0012] FIG. 3 is a view showing an example of a setting
pattern of a detector.

[0013] FIG. 4 is a view showing an example of a setting
of a detection region by a detection region setting unit.

[0014] FIG. 5 is a view showing a state in which a door
opening and closing control unit controls opening and
closing of a first sliding door and a second sliding door based
on a moving direction calculated by a moving direction
calculation unit.

[0015] FIG. 6 is a view showing a state in which the door
opening and closing control unit controls opening and
closing of the first sliding door and the second sliding door
based on the moving direction calculated by the moving
direction calculation unit.

[0016] FIG. 7 is a view showing a state in which the door
opening and closing control unit controls the opening and
closing widths of the first sliding door and the second sliding
door according to a position of a target calculated by a region
determination unit.

[0017] FIG. 8 is a view showing a state in which the door
opening and closing control unit controls the opening and
closing widths of the first sliding door and the second sliding
door according to a position of a target calculated by the
region determination unit.

[0018] FIG. 9 is a view showing a state in which the door
opening and closing control unit controls the opening and
closing widths of the first sliding door and the second sliding
door according to the number of targets calculated by a
number calculation unit.

[0019] FIG. 10 is a view showing a state in which the door
opening and closing control unit controls the opening and
closing widths of the first sliding door and the second sliding
door according to the number of targets calculated by the
number calculation unit.

[0020] FIG. 11 is a view showing a state in which opening
and closing of the first sliding door and the second sliding
door are controlled when a moving direction of a target is a
direction not approaching an automatic door after opening of
the first sliding door and the second sliding door has been
controlled.
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[0021] FIG. 12 is a block diagram showing a main con-
figuration of a shutter opening and closing system according
to an embodiment 2 of the present disclosure.

[0022] FIG. 13 is an external view of the shutter opening
and closing system described above.

[0023] FIG. 14 is a view showing a state in which the
shutter opening and closing control unit controls the opening
and closing width of a shutter according to the height of a
target determined by a position determination unit.

[0024] FIG. 15 is a view showing a state in which the
shutter opening and closing control unit controls the opening
and closing width of a shutter according to the height of a
target determined by the position determination unit.
[0025] FIG. 16 is a block diagram showing a main con-
figuration of an automatic door system according to an
embodiment 3 of the present disclosure.

DESCRIPTION OF EMBODIMENTS

Embodiment 1

[0026] Hereinafter, an embodiment of the present disclo-
sure will be described in detail. FIG. 1 is a block diagram
showing a main configuration of an automatic door system
1 (a door system) according to the present embodiment. FIG.
2 is an external view of the automatic door system 1. FIG.
2 is a view of the automatic door 10 as viewed from the
outside, and is a view showing a state in which the first
sliding door 11 and the second sliding door 12 to be
described later are in a closed state.

[0027] As shown in FIGS. 1 and 2, the automatic door
system 1 includes an automatic door 10, a detector 20 (a
sensor), a control unit 30, and an alarm unit 40.

[0028] The automatic door 10 includes the first sliding
door 11 (a door) and the second sliding door 12 (a door) as
a double sliding door, a first door pocket 13 in which the first
sliding door 11 is located when the first sliding door 11 is in
an open state, and a second door pocket 14 in which the
second sliding door 12 is located when the second sliding
door 12 is in an open state.

[0029] The detector 20 includes a detection unit 21 and a
detection region setting unit 26. The detection unit 21
includes one or more transmitting elements 22, two or more
receiving elements 23, a calculation unit 24, and a position
determination unit 25. The detector 20 is provided at an
upper portion of the automatic door 10.

[0030] The transmitting element 22 transmits a frequency
modulated continuous wave (FMCW) type transmitted elec-
tromagnetic wave. Specifically, the transmitting element 22
transmits a transmitted electromagnetic wave called a chirp,
which is modulated such that the frequency linearly changes
with the passage of time.

[0031] The receiving element 23 receives a reflected elec-
tromagnetic wave obtained by a transmitted electromagnetic
wave transmitted from the transmitting element 22 being
reflected by a person or an object. Hereinafter, a person or
an object to be detected by the detector 20 is referred to as
a “target”. The receiving elements 23 are often arranged at
intervals of A/2 when the wavelength of the transmitted
electromagnetic wave is A.

[0032] Here, it is known that the number N of the receiv-
ing elements 23 and the theoretical angular resolution 6 (rad)
are approximated to a relationship expressed by the follow-
ing equation (1).
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0=2/N (6]

[0033] As canbe seen from the equation (1), the resolution
improves as the number N of the receiving elements 23
increases. Therefore, it is preferable that the number of the
receiving elements 23 is 4 or more.

[0034] As described above, since the receiving elements
23 are often arranged at intervals of A/2, the smaller the
wavelength of the transmitted electromagnetic wave, in
other words, the higher the frequency, the smaller the size of
the detector 20 can be. Therefore, the frequency of the
transmitted electromagnetic wave is preferably 55 GHz or
more.

[0035] Since the detector 20 includes the transmitting
element 22 and the receiving element 23 described above,
the range is large in which a target can be detected. As shown
in FIG. 2. the detector 20 can set a region including a region
D1, a region D2, a region D3, and a region D4 as a detectable
region. The detector 20 senses the entire detection region.

[0036] A range of the region D1 in a sliding direction of
the first sliding door 11 and the second sliding door 12 is a
range where the first sliding door 11 and the second sliding
door 12 are located when the first sliding door 11 and the
second sliding door 12 are in a closed state. A range of the
region in a direction perpendicular to the sliding direction is
a range from the automatic door 10 to a predetermined
distance. The region D1 is a region through which a target
passes for passing through the automatic door 10. Herein-
after, a direction (that is, a left-right direction in FIG. 2) in
which the first sliding door 11 and the second sliding door
slide is referred to as a sliding direction, and a direction (that
is, an upper-lower direction in FIG. 2) perpendicular to the
sliding direction is referred to as a depth direction.

[0037] The region D2 is a region in the vicinity of the first
door pocket 13, a range of the region D2 in the sliding
direction is a range where the first door pocket 13 is located,
and a range of the region D2 in the depth direction is a range
from the automatic door 10 to the predetermined distance
described above. The region D3 is a region in the vicinity of
the second door pocket 14, a range of the region D3 in the
sliding direction is a range where the second door pocket 14
is located, and a range of the region D3 in the depth direction
is a range from 20 the automatic door 10 to the predeter-
mined distance described above. A range of the region D4 in
the sliding direction is a range from an outer end portion of
the first door pocket 13 to an outer end portion of the second
door pocket 14, and a range of the region D4 in the depth
direction is a range outside the regions D1 to D3 by a
predetermined distance. The regions D1 25 to D4 also have
a predetermined range in a height direction. The ranges of
the regions D1 to D4 in the sliding direction and the ranges
of the regions D1 to D4 in the depth direction are adjusted
according to a site where the automatic door 10 is provided.
[0038] The calculation unit 24 calculates, using a trans-
mitted electromagnetic wave transmitted from the transmit-
ting element 22 and a reflected electromagnetic wave
received by 30 the receiving element 23, the distance from
the detector 20 to a target, the moving speed of the target,
and the angle (in other words, the angle of the target with
respect to the detector 20) of arrival of the reflected elec-
tromagnetic wave.

[0039] Specifically, the calculation unit 24 mixes a signal
indicating a transmitted electromagnetic wave and a signal
indicating a reflected electromagnetic wave at a predeter-
mined time interval to generate an intermediate frequency
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signal. The calculation unit 24 generates intermediate fre-
quency signals each corresponding to a respective one of the
plurality of receiving elements 23.

[0040] The calculation unit 24 calculates the distance from
the detector 20 to a target based on a phase difference
between a transmitted electromagnetic wave and a reflected
electromagnetic wave that appears in the generated inter-
mediate frequency signal. The calculation unit 24 calculates
the moving speed of a target based on the phase difference
in the intermediate frequency signal generated at the prede-
termined time interval described above. The calculation unit
24 calculates the angle of arrival of the reflected electro-
magnetic wave based on the phase difference in a plurality
of intermediate frequency signals generated corresponding
to the plurality of receiving elements 23.

[0041] The calculation unit 24 outputs, to the position
determination unit 25 and the control unit 30, the calculated
distance from the detector 20 to a target, moving speed of the
target, and angle of arrival of a reflected electromagnetic
wave.

[0042] The position determination unit 25 determines the
position of the target using the distance from the detector 20
to the target and the angle of arrival of the reflected
electromagnetic wave, which are calculated by the calcula-
tion unit 24.

[0043] The detection region setting unit 26 sets, as a
detection region, a predetermined region including the posi-
tion of the target calculated by the position determination
unit 25 among the regions D1 to D4 which are detectable
ranges in which the target can be detected. The detection
region setting unit 26 outputs the set detection region to the
detection unit 21. The detection unit 21 executes detection in
the detection region set by the detection region setting unit
26.

[0044] In an aspect of the present disclosure, when a
plurality of targets are present in the detectable region, the
detection region setting unit 26 can set a plurality of regions
as the detection region.

[0045] In an aspect of the present disclosure, the detector
20 may have one or more setting patterns for the detection
region in advance. In the setting patterns, a plurality of
detection regions may be set as the detection region. In this
case, the detection region setting unit 26 may set the
detection region by switching the setting pattern based on
conditions such as time, day of the week, and external input.
FIG. 3 is a view showing an example of a setting pattern of
the detector 20. As shown in FIG. 3, the detector 20 may
have, for example, a setting pattern P1 in which the region
D1 and the region D4 are set as the detection region, and a
setting pattern P2 in which the region D1, the region D2, and
the region D4 are set as the detection region.

[0046] In an aspect of the present disclosure, the detection
region setting unit 26 may set an asymmetric region with
respect to the center of the detectable region of the detector
20 as the detection region. For example, the detection region
setting unit 26 may set a detection region that is asymmetric
with respect to the center of the detectable region of the
detector 20 according to the number of people at the site
where the automatic door 10 is provided, which is detected
based on the position of the target calculated by the position
determination unit 25. FIG. 4 is a view showing an example
of a setting of a detection region by the detection region
setting unit 26. As shown in FIG. 4, the detection region
setting unit 26 may set the region D4 as the detection region
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so that the detection region of the region on a first sliding
door 11 side becomes wider when there are more people on
the first sliding door 11 side than on a second sliding door
12 side. Accordingly, since the detection accuracy in the
region on the first sliding door 11 side can be improved, a
safer automatic door system can be provided.

[0047] As described above, in the detector 20, the position
of the target calculated by the position determination unit 25
in the detectable range in which the target can be detected is
set as the detection region, and the detection unit 21 executes
detection in the detection region. Accordingly, it is not
necessary to change the orientation of the detector according
to a change in the position where the target is present, and
it is not necessary to attach a member for changing the
detection region. Further, the detector 20 can set the detec-
tion region without changing the detection sensitivity.

[0048] The control unit 30 controls operations of units of
the automatic door system 1. The control unit 30 includes a
region determination unit 31, a moving direction calculation
unit 32, a number calculation unit 33, a passing target
number output unit 34, and a door opening and closing
control unit 35.

[0049] The region determination unit 31 determines a
divided region where a target detected by the detector 20 is
present, using information output from the detector 20, that
is, a calculation result of the calculation unit 24 of the
detector 20. More specifically, the region determination unit
31 determines a divided region where the target is present,
using the distance from the detector 20 to the target and the
angle of arrival of the reflected electromagnetic wave, which
are calculated by the calculation unit 24. When the detection
region of the detector 20 is divided into a plurality of divided
regions which are the regions D1 to D4, the region deter-
mination unit 31 may determine a divided region in which
the target is present among the regions D1 to D4.

[0050] The moving direction calculation unit 32 calculates
the moving direction of the target detected by the detector
20. Specifically, the moving direction calculation unit 32
calculates the moving direction of the target based on the
position of the target determined by the position determi-
nation unit 25 at a predetermined time interval.

[0051] The number calculation unit 33 calculates the num-
ber of targets detected by the detector 20. Specifically, the
number calculation unit 33 calculates the number of sym-
metry based on the distance from the detector 20 to the
target, the moving speed of the target, and the angle of
arrival of the reflected electromagnetic wave, which are
output from the calculation unit 24 of the detector 20. The
number calculation unit 33 may calculate the number of
targets simultaneously detected by the detector 20.

[0052] Based on the moving direction of the target calcu-
lated by the moving direction calculation unit 32, the passing
target number output unit 34 determines whether the target
is a target (hereinafter, referred to as a first target) entering
through the automatic door 10 or a target (hereinafter,
referred to as a second target) exiting from the automatic
door 10. The passing target number output unit 34 calculates
the number of the first targets described above and the
number of the second targets described above, and outputs
the numbers to an external device 100. Accordingly, the
external device 100 can execute various types of manage-
ment such as management of the number of users of the
automatic door 10 using the number of the first targets
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described above and the number of the second targets
described above that are output from the passing target
number output unit 34.

[0053] The door opening and closing control unit 35
controls opening and closing of the first sliding door 11 and
the second sliding door 12 based on the detection result of
the detector 20 in the detection region set by the detection
region setting unit 26.

[0054] In an aspect of the present disclosure, the door
opening and closing control unit 35 may execute control
according to each divided region in which the target deter-
mined by the region determination unit 31 is present based
on the detection result of the detector 20. For example, when
a target is present in a predetermined divided region, the
door opening and closing control unit 35 may perform a
different opening and closing operation of the first sliding
door 11 and the second sliding door 12 from when the target
is not present in the divided region. Specifically, when the
target is present in the region D2 (or the region D3), the door
opening and closing control unit 35 may decrease the
opening speed of the first sliding door 11 (or the second
sliding door 12) or stop the opening operation of the first
sliding door 11 (or the second sliding door 12) as compared
with when the target is not present in the region D2 (or the
region D3).

[0055] In an aspect of the present disclosure, the door
opening and closing control unit 35 may control opening and
closing of the first sliding door 11 and the second sliding
door 12 based on the moving speed of the target output from
the calculation unit 24 of the detector 20 and the moving
direction calculated by the moving direction calculation unit
32.

[0056] FIGS. 5 and 6 are views showing a state in which
the door opening and closing control unit 35 controls
opening and closing of the first sliding door 11 and the
second sliding door 12 based on the moving direction
calculated by the moving direction calculation unit 32. As
shown in FIG. 5, the door opening and closing control unit
35 may control the first sliding door 11 and the second
sliding door 12 such that the first sliding door 11 and the
second sliding door 12 are opened at an opening speed
higher than usual when the door opening and closing control
unit 35 detects that the target is moving at a high speed
toward the automatic door 10 based on the moving speed
and the moving direction of the target. As shown in FIG. 6,
the door opening and closing control unit 35 may control the
first sliding door 11 and the second sliding door 12 such that
the first sliding door 11 and the second sliding door 12 are
opened at an opening speed lower than usual when the door
opening and closing control unit 35 detects that the target is
moving at a low speed toward the automatic door 10 based
on the moving speed and the moving direction of the target.
[0057] In an aspect of the present disclosure, the door
opening and closing control unit 35 may change opening and
closing timings of the first sliding door 11 and the second
sliding door 12 according to the moving speed of the target
output from the calculation unit 24 of the detector 20 and the
moving direction calculated by the moving direction calcu-
lation unit 32. For example, the first sliding door 11 and the
second sliding door 12 may be controlled to be closed at a
closing speed lower than usual when it is detected that the
target passes through the automatic door 10 at a speed at
which the target is slowly moved based on the moving speed
and the moving direction of the target. In this aspect, the
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detector 20, the moving direction calculation unit 32, and the
door opening and closing control unit 35 function as a door
opening and closing control device that controls opening and
closing of the first sliding door 11 and the second sliding
door 12 using the moving direction of the target and the
moving speed of the target.

[0058] In an aspect of the present disclosure, the door
opening and closing control unit 35 may change the opening
and closing widths of'the first sliding door 11 and the second
sliding door 12 according to the position of the target
calculated by the region determination unit 31 based on the
detection result of the detector 20. FIGS. 7 and 8 are views
showing a state in which the door opening and closing
control unit 35 controls the opening and closing widths of
the first sliding door 11 and the second sliding door 12
according to the position of the target calculated by the
region determination unit 31. As shown in FIG. 7, the door
opening and closing control unit 35 may control the opening
and closing width of the first sliding door 11 and the second
sliding door 12 to be small when the target is located at the
center of an opening and closing area of the automatic door
10. As shown in FIG. 8, the door opening and closing control
unit 35 may control the opening and closing width of the first
sliding door 11 and the second sliding door 12 to be wide
when the target is located at the end of the opening and
closing area of the automatic door 10.

[0059] In an aspect of the present disclosure, the door
opening and closing control unit 35 may change the opening
and closing widths of'the first sliding door 11 and the second
sliding door 12 according to the number of targets calculated
by the number calculation unit 33. FIGS. 9 and 10 are views
showing a state in which the door opening and closing
control unit 35 controls the opening and closing widths of
the first sliding door 11 and the second sliding door 12
according to the number of targets calculated by the number
calculation unit 33. As shown in FIG. 9, the door opening
and closing control unit 35 may control the opening and
closing widths of the first sliding door 11 and the second
sliding door 12 to be small when the number of detected
targets is small. As shown in FIG. 10, the door opening and
closing control unit 35 may control the opening and closing
widths of the first sliding door 11 and the second sliding door
12 to be large when the number of detected targets is large.
[0060] In an aspect of the present disclosure, as shown in
FIG. 11, when the moving direction of the target calculated
by the moving direction calculation unit 32 is the moving
direction not approaching the automatic door 10 after open-
ing of the first sliding door 11 and the second sliding door
12 is controlled, the door opening and closing control unit 35
may stop the opening control of the first sliding door 11 and
the second sliding door 12.

[0061] The alarm unit 40 issues an alarm to a target in the
vicinity of the automatic door 10. The alarm unit 40 may
issue an alarm by outputting sound, or may issue an alarm
by emitting light. When the region determination unit 31
determines that the target is present in the region D2 or the
region D3, the alarm unit 40 issues an alarm to the target in
the vicinity of the automatic door 10. Accordingly, it is
possible to notify a person in the region D2 or the region D3
that the first sliding door 11 or the second sliding door 12 is
opened and there is a danger of colliding with the person.
The alarm unit 40 is controlled by the control unit 30.
[0062] In the automatic door system 1 according to an
aspect of the present disclosure, the detection region of the



US 2024/0302515 Al

detector 20 includes, in addition to the region D1 through
which a target passes for passing through the automatic door
10, the region D2 and the region D3 which are regions in the
vicinity of two door pockets, that is, the first door pocket 13
and the second door pocket 14. Accordingly, one detector 20
can detect a target present in a region including a region in
the vicinity of the two door pockets.

[0063] The door opening and closing control device
according to an aspect of the present disclosure includes one
detector 20, the moving direction calculation unit 32, and the
door opening and closing control unit 35 that controls
opening and closing of the first sliding door 11 and the
second sliding door 12 using the moving direction of the
target and the moving speed of the target. In the door
opening and closing control device, opening and closing of
the first sliding door 11 and the second sliding door 12 can
be controlled according to the moving state of the target. In
the door opening and closing control device, opening and
closing of the first sliding door 11 and the second sliding
door 12 can be controlled using one detector 20. Further, in
the door opening and closing control device, since the
detector 20 is a sensor using an electromagnetic wave, a
driving such as a laser sensor is not necessary, and quietness
and durability are excellent.

[0064] In the conventional technique, since a captured
image is used, an individual to be detected is in an image.
For this reason, an individual may be identified based on this
image, which may become a problem with an increase in
protection and regulation for privacy in recent years.
[0065] On the other hand, a door opening and closing
control device according to an aspect of the present disclo-
sure calculates the distance to a target, the moving speed of
the target, and the angle of the target using a transmitted
electromagnetic wave and a reflected electromagnetic wave,
and executes detection. Accordingly, the detection is not
executed using a captured image that can be visually rec-
ognized by a person, and an individual is not identified.
[0066] Further, the door opening and closing control
device according to an aspect of the present disclosure does
not use a configuration in which detection is executed by
outputting an electric signal according to the intensity of
light, such as a charge coupled device (CCD) in the con-
ventional technique. Accordingly, when an electromagnetic
wave other than the wavelength contained in the sunlight
reached on the ground is used, the moving state of the target
can be reliably detected even when there is strong light in
which the sunlight is directly hit or even when the surround-
ing situation is dark. An electromagnetic wave other than the
visible light may be used instead of an electromagnetic wave
other than the wavelength contained in the sunlight reached
on the ground.

Embodiment 2

[0067] Another embodiment of the present disclosure will
be described below. For convenience of description, mem-
bers having the same functions as those described in the
above embodiment are denoted by the same reference signs,
and the description thereof will not be repeated.

[0068] Inthe embodiment 1, an aspect has been described
in which the detector 20 is applied to the automatic door
system. In the present embodiment, an aspect will be
described in which the detector 20 is applied to a shutter
opening and closing system.

Sep. 12, 2024

[0069] FIG. 12 is a block diagram showing a main con-
figuration of a shutter opening and closing system 50 (an
opening and closing system) according to the present
embodiment. FIG. 13 is an external view of the shutter
opening and closing system 50. As shown in FIGS. 12 and
13, the shutter opening and closing system 50 includes a
shutter 51, the detector 20, and a control unit 30A.

[0070] The shutter 51 can be opened and closed in the
upper-lower direction. The shutter 51 is switched from the
closed state to the open state by moving the shutter 51
upward.

[0071] As shown in FIG. 13, the detector 20 according to
the present embodiment can set. as a detectable region, a
region including a region D5, which is a region in the
vicinity of the shutter 51, and a region D6, which is a region
outside the region D5 by a predetermined distance in the
depth direction.

[0072] The control unit 30A includes a shutter opening
and closing control unit 36 instead of the door opening and
closing control unit 35 of the control unit 30 in the embodi-
ment 1.

[0073] The shutter opening and closing control unit 36
controls opening and closing of the shutter 51 based on a
detection result of the detector 20.

[0074] In an aspect of the present disclosure, the shutter
opening and closing control unit 36 may change the opening
and closing width of the shutter 51 according to the height
of the target determined by the position determination unit
25. FIGS. 14 and 15 are views showing a state in which the
shutter opening and closing control unit 36 controls the
opening and closing width of the shutter 51 according to the
height of the target determined by the position determination
unit 25. The shutter opening and closing control unit 36 may
control the opening and closing width of the shutter 51 to be
small when the height of the target is small as shown in FIG.
12, and may control the opening and closing width of the
shutter 51 to be large when the height of the target is large
as shown in FIG. 15.

[0075] In an aspect of the present disclosure, the shutter
opening and closing control unit 36 may control opening and
closing of the shutter 51 based on the moving speed of the
target output from the calculation unit 24 of the detector 20
and the moving direction calculated by the moving direction
calculation unit 32. For example, the shutter opening and
closing control unit 36 may control the shutter 51 to open at
an opening speed higher than usual when the shutter opening
and closing control unit 36 detects that the target is moving
at a high speed toward the shutter 51 based on the moving
speed and the moving direction of the target.

[0076] In an aspect of the present disclosure, the shutter
opening and closing control unit 36 may change the opening
and closing timing of the shutter 51 according to the moving
speed of the target output from the calculation unit 24 of the
detector 20 and the moving direction calculated by the
moving direction calculation unit 32. For example, the
shutter 51 may be controlled to be closed at a closing speed
lower than usual when it is detected that the target passes
through the shutter 51 at a speed at which the target is slowly
moved based on the moving speed and the moving direction
of the target.

[0077] In an aspect of the present disclosure, the shutter
opening and closing control unit 36 may stop the opening
control of the shutter 51 when the moving direction of the
target calculated by the moving direction calculation unit 32
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is a direction not approaching the shutter 51 after opening of
the shutter 51 has been controlled.

[0078] As described above, the shutter opening and clos-
ing system 50 according to the present embodiment includes
the detector 20 that can set the position of the target
calculated by the position determination unit 25 as the
detection region in the detectable range in which the target
can be detected, and the shutter 51 that is opened and closed
based on the detection result of the detector 20. Accordingly,
the position of the target calculated by the position deter-
mination unit 25 can be set as the detection region in the
detectable range in which the target can be detected. There-
fore, it is not necessary to change the orientation of the
detector according to a change in the position where the
target is present, and it is not necessary to attach a member
for changing the detection region.

Embodiment 3

[0079] Another embodiment of the present disclosure will
be described below. For convenience of description, mem-
bers having the same functions as those described in the
above embodiment are denoted by the same reference signs,
and the description thereof will not be repeated.

[0080] FIG. 16 is a block diagram showing a main con-
figuration of an automatic door system 1A according to the
present embodiment. As shown in FIG. 16, the automatic
door system 1A includes a detector 20A and a control unit
30B instead of the detector 20 and the control unit 30 in the
embodiment 1.

[0081] In the automatic door system 1 according to the
embodiment 1, the control unit 30 includes the region
determination unit 31, the moving direction calculation unit
32, the number calculation unit 33, and the passing target
number output unit 34. On the other hand, in the automatic
door system 1A, the detector 20A includes a region deter-
mination unit 61, a moving direction calculation unit 62, a
number calculation unit 63, and a passing target number
output unit 64. The functions of the region determination
unit 61, the moving direction calculation unit 62, the number
calculation unit 63, and the passing target number output
unit 64 are the same as the functions of the region determi-
nation unit 31, the moving direction calculation unit 32, the
number calculation unit 33, and the passing target number
output unit 34 in the embodiment 1. Therefore, in the
automatic door system 1A according to the present embodi-
ment, the same effects as those of the automatic door system
1 according to the embodiment 1 are also attained.

[0082] Inthe embodiments 1 to 3 described above, aspects
have been described in which the detector 20 is applied to
the automatic door system or the shutter opening and closing
system. The detector 20 can be applied to other door opening
and closing systems such as a gate opening and closing
system that controls opening and closing of a gate.

[0083] The present disclosure is not limited to the embodi-
ments described above, and various modifications can be
made within the scope of the claims. Embodiments obtained
by appropriately combining technical methods disclosed in
different embodiments are also included in the technical
scope of the present disclosure.

Summary

[0084] The present invention can also be described as
follows. A detector according to an aspect of the present
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disclosure includes: a detection unit including one or more
transmitting elements configured to transmit a frequency
modulated continuous wave (FMCW) type transmitted elec-
tromagnetic wave, two or more receiving elements config-
ured to receive a reflected electromagnetic wave obtained by
the transmitted electromagnetic wave being reflected by a
target, a calculation unit configured to calculate a distance to
the target and an angle of arrival of the reflected electro-
magnetic wave using the transmitted electromagnetic wave
and the reflected electromagnetic wave, and a position
determination unit configured to determine a position of the
target using the distance and the angle of arrival, and a
detection region setting unit configured to set a predeter-
mined region including the position as a detection region in
a detectable range in which the target is to be detected. The
detection unit executes detection in the detection region set
by the detection region setting unit.

[0085] According to the above configuration, it is possible
to easily set any region as the detection region according to
the position of the target without adding a physical change
such as attaching a member or changing the orientation.
[0086] In the detector according to one aspect of the
present invention, the detection region setting unit may set
a plurality of regions as the detection region

[0087] According to the above configuration, since a plu-
rality of regions can be set as the detection region, the
detection region can be set according to various scenes.
[0088] In one aspect of the present invention, the detector
may further include a plurality of setting patterns each
including one or more detection regions, and the detection
region setting unit may switch the setting pattern based on
a predetermined condition.

[0089] According to the above configuration, the detection
region can be set according to a predetermined condition.
Examples of the predetermined condition include the day of
the week and the time of day.

[0090] In the detector according to one aspect of the
present invention, the detection region setting unit may set
an asymmetric region with respect to a center of a detectable
range of the detector as the detection region.

[0091] In the detector according to one aspect of the
present invention, the number of the receiving elements may
be four or more.

[0092] The number of the receiving elements is four or
more, so that the detection region can be set finely.

[0093] In the detector according to one aspect of the
present invention, a frequency of the transmitted electro-
magnetic wave may be 55 GHz or more.

[0094] An automatic door system according to an aspect
of the present invention includes: the detector; and an
automatic door opened and closed based on a detection
result in the detection region set by the detection region
setting unit of the detector.

[0095] An opening and closing system according to an
aspect of the present invention includes the detector; and one
of a shutter and a gate opened and closed based on a
detection result in the detection region set by the detection
region setting unit of the detector.

REFERENCE SIGNS LIST

[0096] 1, 1A automatic door system
[0097] 10 automatic door
[0098] 11 first sliding door (double sliding door, door)



US 2024/0302515 Al

[0099] 12 second sliding door (double sliding door,
door)

[0100] 13 first door pocket

[0101] 14 second door pocket

[0102] 20, 20A detector (sensor)

[0103] 21 detection unit

[0104] 22 transmitting element

[0105] 23 receiving element

[0106] 24 calculation unit

[0107] 25 position determination unit

[0108] 26 detection region setting unit

[0109] 30, 30A, 30B control unit

[0110] 31, 61 region determination unit

[0111] 32, 62 moving direction calculation unit

[0112] 33, 63 number calculation unit

[0113] 34, 64 passing target number output unit

[0114] 35 door opening and closing control unit

[0115] 36 shutter opening and closing control unit (door
opening and closing control unit)

[0116] 40 alarm unit

[0117] 50 shutter opening and closing system (opening
and closing system)

[0118] 51 shutter (door)

1. A detector comprising:

a detection unit including

one or more transmitting elements configured to trans-
mit a frequency modulated continuous wave
(FMCW) type transmitted electromagnetic wave,

two or more receiving elements configured to receive a
reflected electromagnetic wave obtained by the
transmitted electromagnetic wave being reflected by
a target,

a calculation unit configured to calculate a distance to
the target and an angle of arrival of the reflected
electromagnetic wave using the transmitted electro-
magnetic wave and the reflected electromagnetic
wave, and
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a position determination unit configured to determine a
position of the target using the distance and the angle
of arrival; and

a detection region setting unit configured to set a prede-
termined region including the position as a detection
region in a detectable range in which the target is to be
detected,

wherein the detection unit executes detection in the detec-
tion region set by the detection region setting unit.

2. The detector according to claim 1,

wherein the detection region setting unit is configured to
set a plurality of regions as the detection region.

3. The detector according to claim 2, further comprising

a plurality of setting patterns each including one or more
detection regions,

wherein the detection region setting unit is configured to
switch the setting pattern based on a predetermined
condition.

4. The detector according to claim 1,

wherein the detection region setting unit is configured to

set an asymmetric region with respect to a center of a

detectable range of the detector as the detection region.

5. The detector according to claim 1,

wherein the number of the receiving elements is four or
more.

6. The detector according to claim 1,

wherein a frequency of the transmitting electromagnetic
wave is 55 GHz or more.

7. An automatic door system comprising:

the detector according to claim 1; and

an automatic door opened and closed based on a detection
result in the detection region set by the detection region
setting unit of the detector.

8. An opening and closing system comprising:

the detector according to claim 1; and

one of a shutter and a gate opened and closed based on a
detection result in the detection region set by the
detection region setting unit of the detector.
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