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(54) SLIDE DOOR DEVICE AND ELEVATOR

(57) In a sliding door apparatus, a first detecting ap-
paratus has: a light emitter that is disposed on a side
portion of a doorway; and an imaging means that faces
the light emitter from an opposite side of the doorway
and captures images of the light emitter, detecting ob-
jects that are present in the doorway. A second detecting

apparatus has: a light source that emits a light beam
along a side portion of the doorway; and a photodetector
that receives the light beam from the light source, detect-
ing objects that are present in a vicinity of the side portion
of the doorway. A controlling apparatus controls opening
and closing of a door based on information from the first
and second detecting apparatuses.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a sliding door
apparatus that automatically moves a door horizontally,
and to an elevator that makes use thereof.

BACKGROUND ART

[0002] In conventional sliding door apparatuses, a pair
of light emitters that have iong and continuous light-emit-
ting surfaces, and a pair of cameras that capture images
of the light-emitting surfaces of facing light emitters are
disposed in left and right vertical frames of a doorway,
and the entire doorway is thereby covered as a monitored
region (see Patent Literature 1, for example).
[0003]

[Patent Literature 1] Japanese Patent Laid-Open No.
2004-338846 (Gazette)

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0004] Conventional sliding door apparatuses such as
that described above can detect an object anywhere in
a width of the doorway, but cannot determine how far
that object is away from the vertical frames. Because of
this, if a user attempts to pass through a partially open
doorway during a door opening operation, the door open-
ing action may be stopped temporarily on detecting the
user even though there is no need for concern that the
user might be pulled in between the vertical stanchions
and the door, and passage of the user is obstructed un-
necessarily.
[0005] The present invention aims to solve the above
problems and an object of the present invention is to pro-
vide a sliding door apparatus that can improve conven-
ience by detecting an object that is present in the doorway
and also determining the position of the detected object,
and to provide an elevator that makes use thereof.

MEANS FOR SOLVING THE PROBLEM

[0006] In order to achieve the above object, according
to one aspect of the present invention, there is provided
a sliding door apparatus including: a door that opens and
closes a doorway by being moved horizontally; a first
detecting apparatus that has: a light emitter that is dis-
posed on a side portion of the doorway; and an imaging
means that faces the light emitter from an opposite side
of the doorway and captures images of the light emitter,
the first detecting apparatus detecting an object that is
present in the doorway; a second detecting apparatus
that has: a light source that emits a light beam along a
side portion of the doorway; and a photodetector that

receives the light beam from the light source, the second
detecting apparatus detecting an object that is present
in a vicinity of the side portion of the doorway; and a
controlling apparatus that controls opening and closing
of the door based on information from the first and second
detecting apparatuses.
According to another aspect of the present invention,
there is provided an elevator including: a car that is raised
and lowered inside a hoistway; an elevator door that
opens and closes a doorway that is disposed between
the car and a landing by being moved horizontally; a first
detecting apparatus that has: a light emitter that is dis-
posed on a side portion of the doorway; and an imaging
means that faces the light emitter from an opposite side
of the doorway and captures images of the light emitter,
the first detecting apparatus detecting an object that is
present in the doorway; a second detecting apparatus
that has: a light source that emits a light beam along a
side portion of the doorway; and a photodetector that
receives the light beam from the light source, the second
detecting apparatus detecting an object that is present
in a vicinity of the side portion of the doorway; and a
controlling apparatus that controls opening and closing
of the elevator door based on information from the first
and second detecting apparatuses.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

Figure 1 is a front elevation showing an elevator car
door apparatus according to Embodiment 1 of the
present invention from inside a car;
Figure 2 is an outline block diagram that shows a
control circuit of the car door apparatus from Figure
1;
Figure 3 is an explanatory diagram that shows a dif-
ferential image that is obtained by an image process-
ing and determining portion from Figure 2 when an
object is not present in a monitored region;
Figure 4 is an explanatory diagram that shows a first
example of a differential image that is obtained by
the image processing and determining portion from
Figure 2 when an object is present in the monitored
region;
Figure 5 is an explanatory diagram that shows a sec-
ond example of a differential image that is obtained
by the image processing and determining portion
from Figure 2 when an object is present in the mon-
itored region;
Figure 6 is a flowchart that shows operation of a mas-
ter control portion from Figure 2 during door closing;
Figure 7 is a flowchart that shows operation of a mas-
ter control portion according to Embodiment 2 of the
present invention during door closing;
Figure 8 is a cross section of an elevator car door
apparatus according to Embodiment 3 of the present
invention;
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Figure 9 is a perspective that shows a first housing
from Figure 8;
Figure 10 is a perspective that shows a second hous-
ing from Figure 8;
Figure 11 is a perspective that shows a first housing
according to Embodiment 4 of the present invention;
and
Figure 12 is a perspective that shows a second hous-
ing according to Embodiment 4.

BEST MODE FOR CARRYING OUT THE INVENTION

[0008] Preferred embodiments of the present inven-
tion will now be explained with reference to the drawings.

Embodiment 1

[0009] Figure 1 is a front elevation showing an elevator
car door apparatus (sliding door apparatus) according to
Embodiment 1 of the present invention from inside a car.
In the figure, a car doorway 1a is disposed on a car 1
that can be raised and lowered inside a hoistway. The
car doorway 1a can be opened and closed by first and
second car doors 2a and 2b that function as an elevator
door that can be moved horizontally. A car doorway frame
3 is disposed around the car doorway 1a.
[0010] The car doorway frame 3 has: first and second
vertical frames 3a and 3b that are disposed to the left
and right of the car doorway 1a; an upper portion hori-
zontal frame 3c that is disposed between upper end por-
tions of the first and second vertical frames 3a and 3b;
and a lower portion horizontal frame 3d that is disposed
on a floor portion of the car doorway 1a.
[0011] A car control panel 4 is disposed on a front sur-
face of the second vertical frame 3b. A display device 5,
an alarm device 6, a plurality of floor designating buttons
7, a door opening button 8, and a door closing button 9
are disposed on the car control panel 4. An indicating
lamp 10 for displaying the position of the car 1 during
motion is disposed on a front surface of the upper portion
horizontal frame 3c.
[0012] A first light emitter 11 is disposed on a side sur-
face of the first vertical frame 3a that faces the second
vertical frame 3b. The first light emitter 11 has a vertically
long and continuous first light-emitting surface 11 a. A
second light emitter 12 is disposed on a side surface of
the second vertical frame 3b that faces the first vertical
frame 3a. The second light emitter 12 has a vertically
long and continuous second light-emitting surface 12a.
The first and second light-emitting surfaces 11a and 12a
are disposed over approximately an entire height of the
car doorway 1a, and face each other from opposite sides
of the car doorway 1 a.
[0013] A first camera 13 that functions as a first imaging
means that captures images of the second light-emitting
surface 12a is disposed on an upper end portion of the
side surface of the first vertical frame 3a that faces the
second vertical frame 3b. The first camera 13 is disposed

so as to be adjacent to an upper end portion of the first
light-emitting surface 11a. A second camera 14 that func-
tions as a second imaging means that captures images
of the first light-emitting surface 11a is disposed on a
lower end portion of the side surface of the second ver-
tical frame 3b that faces the first vertical frame 3a. The
second camera 14 is disposed so as to be adjacent to a
lower end portion of the second light-emitting surface
12a.
[0014] A first light source 15 that emits a light beam
obliquely upward approximately along the first vertical
frame 3a is disposed on a lower end portion of the side
surface of the first vertical frame 3a that faces the second
vertical frame 3b. The first light source 15 is disposed so
as to be adjacent to a lower end portion of the first light-
emitting surface 11a. A first photodetector 16 that re-
ceives the light beam that has been emitted from the first
light source 15 is disposed on a first end portion of a
lower surface of the upper portion horizontal frame 3c
(an end portion near the first vertical frame 3a).
[0015] A second light source 17 that emits a light beam
obliquely upward approximately along the second verti-
cal frame 3b is disposed on a lower end portion of the
side surface of the second vertical frame 3b that faces
the first vertical frame 3a. The second light source 17 is
disposed so as to be adjacent to a lower end portion of
the second light-emitting surface 12a above the second
camera 14. A second photodetector 18 that receives the
light beam that has been emitted from the second light
source 17 is disposed on a second end portion of the
lower surface of the upper portion horizontal frame 3c
(an end portion near the second vertical frame 3b).
[0016] Moreover, it is preferable to dispose the first
and second light sources 15 and 17 at positions approx-
imately 10 to 30 cm from lower ends of the vertical frames
3a and 3b. It is preferable to dispose the first and second
photodetectors 16 and 18 at positions on the lower sur-
face of the upper portion horizontal frame 3c approxi-
mately 5 to 20 cm from the vertical frames 3a and 3b.
Rectilinear detecting regions that are approximately
along the vertical frames 3a and 3b can be ensured by
adopting such a layout.
[0017] It is preferable to dispose the first and second
light emitters 11 and 12, the first and second cameras
13 and 14, and the first and second light sources 15 and
17 so as to not to project outward from the surfaces of
the vertical frames 3a and 3b. It is more preferable to
dispose them without recesses or protrusions relative to
the surfaces of the vertical frames 3a and 3b in particular.
Contact with passengers, carts, etc., that pass through
the car doorway 1a can thereby be prevented, and de-
terioration in detecting precision can also be prevented
by preventing accumulation of dust, etc.
[0018] Figure 2 is an outline block diagram that shows
a control circuit of the car door apparatus from Figure 1.
In the figure, opening and closing operations of the car
doors 2a and 2b are controlled by an opening and closing
control portion 19. The opening and closing control por-
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tion 19 is mounted on the car 1, for example, and controls
a door motor (not shown) that drives the car doors 2a
and 2b.
[0019] Signals from the first and second cameras 13
and 14 are sent to an image processing and determining
portion 20. The image processing and determining por-
tion 20 determines whether or not light from the first and
second light emitters 11 and 12 is interrupted by an object
(an obstruction) during opening and closing of the first
and second car doors 2a and 2b based on the signals
from the first and second cameras 13 and 14.
[0020] The first and second light emitters 11 and 12,
the first and second cameras 13 and 14, the image
processing and determining portion 20, the first and sec-
ond light sources 15 and 17, the alarm device 6, and the
opening and closing control portion 19 are controlled by
a master control portion 21. Signals from the image
processing and determining portion 20, the first and sec-
ond photodetectors 16 and 18, and the opening and clos-
ing control portion 19 are input into the master control
portion 21.
[0021] The master control portion 21 shines light from
the first and second light emitters 11 and 12 during open-
ing and closing of the car doors 2a and 2b, and monitors
for the presence or absence of an object in the vicinity
of the car doorway 1a. The master control portion 21 also
emit light beams from the first and second light sources
15 and 17 at least when the car doors 2a and 2b are
open, and monitors for the presence or absence of an
object in the vicinity of the first and second vertical frames
3a and 3b. In addition, the master control portion 21
sends opening and closing commands for the car doors
2a and 2b to the opening and closing control portion 19
depending on an object detection result.
[0022] The opening and closing control portion 19, the
image processing and determining portion 20, and the
master control portion 21 are each constituted by a mi-
crocomputer. However, it is also possible to constitute
any two of the opening and closing control portion 19,
the image processing and determining portion 20, and
the master control portion 21 using a shared microcom-
puter. A controlling apparatus according to Embodiment
1 includes the opening and closing control portion 19 and
the master control portion 21.
[0023] A first detecting apparatus 22 that detects ob-
jects that are present between the vertical frames 3a and
3b, i.e., in the car doorway 1 a, includes the first and
second light emitters 11 and 12, the first and second cam-
eras 13 and 14, and the image processing and determin-
ing portion 20. In addition, a second detecting apparatus
23 that detects objects that are present in a vicinity of the
vertical frames 3a and 3b includes the first and second
light sources 15 and 17 and the first and second photo-
detectors 16 and 18.
[0024] Here, in order to prevent the lights in the first
detecting apparatus 22 and the second detecting appa-
ratus 23 from interfering with each other, it is desirable
for a wavelength of light that is used in the first detecting

apparatus 22 and a wavelength of light that is used in
the second detecting apparatus 23 to be different from
each other. It is preferable, for example, to make the light
emitters 11 and 12 shine red and the cameras 13 and 14
photograph only red in the first detecting apparatus 22,
and to make the light sources 15 and 17 emit near-infra-
red light and the photodetectors 16 and 18 receive only
near-infrared light in the second detecting apparatus 23.
[0025] Next, a method for detecting objects using the
first detecting apparatus 22 will be explained. First, image
data α from the cameras 13 and 14 when the light emitters
11 and 12 are not switched on, and image data β when
the light emitters 11 and 12 are switched on are imported
into the image processing and determining portion 20.
Then, a differential image y is calculated by subtracting
the image data α from the image data β. An operation of
this kind is repeated whenever executing object monitor-
ing.
[0026] When a differential process of this kind is per-
formed, only an image of the light-emitting surfaces 11a
and 12a from which ambient external light has been re-
moved remains in the differential image y. Consequently,
if no object that blocks light is present inside two triangular
monitored regions that have the cameras 13 and 14 as
apexes and the light-emitting surfaces 11a and 12a as
base sides, a single continuous rectilinear light-emitting
surface image such as that shown in Figure 3 will remain
in the differential image y.
[0027] In contrast to that, if an object that blocks light
is present inside the monitored regions, light-emitting sur-
face images such as those shown in Figure 4 or Figure
5 will remain in the differential image y since a portion of
the light will be interrupted. Specifically, in the differential
image y in Figure 4, the light-emitting surface image has
been divided plurally and is discontinuous. The length of
the light-emitting surface image in the differential image
y in Figure 5 is shorter than normal (Figure 3). If the image
processing and determining portion 20 detects that the
light-emitting surface image has become discontinuous
or has become shorter or that the light-emitting surface
image has disappeared, then it determines that an object
is present between the vertical frames 3a and 3b and
sends a signal to that effect to the master control portion
21.
[0028] Next, a method for detecting objects using the
second detecting apparatus 23 will be explained. When
an object is present between the first light source 15 and
the first photodetector 16, the amount of fight from the
first light source 15 received at the first photodetector 16
is reduced. Similarly, when an object is present between
the second light source 17 and the second photodetector
18, the amount of light from the second light source 17
received at the second photodetector 18 is reduced.
Thus, if the amount of light received by the first or second
photodetector 16 or 18 becomes less than or equal to a
preset threshold value, the master control portion 21 de-
termines that an object is present in the vicinity of the
vertical frames 3a and 3b.
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[0029] Next, Figure 6 is a flowchart that shows opera-
tion of the master control portion 21 from Figure 2 during
door closing. After the car 1 has stopped at a landing
floor, at a predetermined amount of time (several sec-
onds, for example) before the car doors 2a and 2b actu-
ally commence a door opening operation, the master
control portion 21 commences object detecting opera-
tions by the first and second detecting apparatuses 22
and 23, and determines the presence or absence of an
object (Step S1). If no object is detected at this point,
ordinary door opening is commenced at normal timing
(Step S2).
[0030] In contrast to that, if an object is detected, a
warning is issued using at least one of the display device
5 or the alarm device 6 in order to move the passengers
inside the car 1 away from the car doors 2a and 2b (Step
S3). Specifically, a voice (or a warning sound) that has
been stored in advance, an announcement such as "Door
opening. Please move away from the doors.", etc., for
example, is broadcast by the alarm device 6, or a written
message that has been stored in advance is displayed
on the display device 5, etc. Ordinary door opening is
commenced after the object is no longer detected.
[0031] If ordinary door opening is commenced, object
detecting operation by the first detecting apparatus 22 is
stopped, and only object detecting operation by the sec-
ond detecting apparatus 23 (Step S4). If no object is de-
tected by the second detecting apparatus 23, the door
opening operation is continued (Step S5). The object de-
tecting operation by the second detecting apparatus 23
is continued until the first and second car doors 2a and
2b move to a position at which door opening is completed
(Steps S4 through S6). If the first and second car doors
2a and 2b move to the position at which door opening is
completed without an object being detected by the sec-
ond detecting apparatus 23, the process ends.
[0032] On the other hand, if an object is detected by
the second detecting apparatus 23 during the door open-
ing operation, the door opening operation is stopped tem-
porarily (Step S7), and a warning operation similar to that
above is performed (Step S8). The warning operation is
continued with the door opening operation stopped until
the object is no longer detected by the second detecting
apparatus 23.
[0033] In an elevator car door apparatus of this kind,
the presence or absence of objects is monitored by both
a first detecting apparatus 22 that detects objects that
are present in a car doorway 1 a, and a second detecting
apparatus 23 that detects objects that are positioned in
a vicinity of vertical frames 3a and 3b, specifically, in a
vicinity of gaps between the vertical frames 3a and 3b
and car doors 2a and 2b. Because of this, objects that
are positioned in a vicinity of the car doors 2a and 2b can
be detected anywhere in the car doorway 1a before com-
mencement of door opening, and objects that are posi-
tioned in positions that could obstruct the door opening
operation, i.e., in a vicinity of the vertical frames 3a and
3b can be detected after the commencement of door

opening. Consequently, even if a user attempts to pass
through the partially open car doorway 1a during the door
opening operation, passage of the user can be prevented
from being obstructed unnecessarily by enabling the door
opening operation to be prevented from being stopped
temporarily. In other words, convenience can be im-
proved by detecting an object that is present in the car
doorway 1a and also determining the position of the de-
tected object.
[0034] Because the master control portion 21 monitors
whether or not an object is detected by at least one of
the first and second detecting apparatuses 22 and 23 in
an interval from a predetermined amount of time before
the commencement of door opening until the commence-
ment of door opening, and monitors whether or not an
object is detected only by the second detecting apparatus
23 in an interval from the commencement of door opening
until door opening is completed, the presence or absence
of objects can be monitored efficiently so as to corre-
spond to the stage of the door opening operation.
Because the master control portion 21 issues a warning
using the alarm device 6 if an object is detected by at
least one of the first and second detecting apparatuses
22 and 23 in an interval from a predetermined amount of
time before the commencement of door opening until the
commencement of door opening, and issues a warning
using the alarm device 6 if an object is detected only by
the second detecting apparatus 23 in an interval from the
commencement of door opening until door opening is
completed, warnings can be issued appropriately so as
to correspond to the stage of the door opening operation,
enabling the door opening operation to be executed
smoothly.

Embodiment 2

[0035] Figure 7 is a flowchart that shows operation of
a master control portion 21 according to Embodiment 2
of the present invention during door closing, a configu-
ration of a car door apparatus being similar to that of
Embodiment 1.
In this example, after an object is detected by at least
one of the first and second detecting apparatuses 22 and
23 in an interval from a predetermined amount of time
before the commencement of door opening until the com-
mencement of door opening, and a warning has been
issued using the alarm device 6, reconfirmation is per-
formed as to whether or not an object is detected by at
least one of the first and second detecting apparatuses
22 and 23 (Step S9). If the object is no longer being de-
tected, ordinary door opening is commenced (Step S2).
[0036] If, on the other hand, the object is detected
again despite a warning having been issued, a warning
such as "Door opening.", etc., for example, is issued us-
ing the alarm device 6 (Step S10), and the door opening
operation is commenced at a lower speed than usual
(Step S11). When low-speed door opening is com-
menced, the object detecting operations by the first and
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second detecting apparatuses 22 and 23 are stopped,
and low-speed door opening operation is continued until
the door opening is completed.
[0037] In an elevator car door apparatus of this kind,
because a door opening operation is performed at a lower
speed than usual if an object is detected by at least one
of the first and second detecting apparatuses 22 and 23
in an interval from a predetermined amount of time before
the commencement of door opening until the commence-
ment of door opening, a state in which door opening does
not commence is prevented from being continued indef-
initely, enabling convenience to be improved.
[0038] Moreover, in Embodiment 2, low-speed door
opening is commenced if an object is detected again after
one warning, but low-speed door opening may also be
set so as to commence if the object continues to be de-
tected after a preset number of warnings, door opening
not being commenced until then.
In Embodiment 2, a door opening operation is stopped
if an object is detected by the second detecting apparatus
23 after the commencement of door opening, but in that
case also the door opening operation may also be set so
as to recommence at low speed after one or a plurality
of warnings.

Embodiment 3

[0039] Figure 8 is a cross section of an elevator car
door apparatus according to Embodiment 3 of the
present invention. In the figure, a first housing 24 is fixed
to a first vertical frame 3a so as to face a car doorway
1a. A second housing 25 is fixed to a second vertical
frame 3b so as to face the car doorway 1 a. The first and
second housings 24 and 25 are disposed over approxi-
mately an entire height of the car doorway 1a, and face
each other from opposite sides of the car doorway 1a.
The first and second housings 24 and 25 are fixed to end
portions of the vertical frames 3a and 3b near car doors
2a and 2b.
[0040] Figure 9 is a perspective that shows a first hous-
ing from Figure 8, and Figure 10 is a perspective that
shows a second housing from Figure 8. A first light emitter
11, a first camera 13, and a first light source 15 are mount-
ed to the first housing 24. A second light emitter 12, a
second camera 14, and a second light source 17 are
mounted to the second housing 25. The rest of the con-
figuration is similar to that of Embodiment 1.
[0041] In an elevator car door apparatus of this kind,
by mounting the first light emitter 11, the first camera 13,
and the first light source 15 to a first housing 24 in ad-
vance, and mounting the second light emitter 12, the sec-
ond camera 14, and the second light source 17 to a sec-
ond housing 25 in advance, installation work at an instal-
lation site can be reduced significantly, enabling worka-
bility to be improved.
[0042] Moreover, an installation position of the first
light source 15 and an installation position of the first
photodetector 16 may also be interchanged, and in that

case, the first photodetector 16 may also be mounted to
the first housing 24. Similarly, an installation position of
the second light source 17 and an installation position of
the second photodetector 18 may also be interchanged,
and the second photodetector 18 may also be mounted
to the second housing 25.

Embodiment 4

[0043] Figure 11 is a perspective that shows a first
housing 26 according to Embodiment 4 of the present
invention, and Figure 12 is a perspective that shows a
second housing 27 according to Embodiment 4. In Em-
bodiment 3, the first camera 13 and the first light source
15 were disposed beside the first light emitter 11, and
the second camera 14 and the second light source 17
were disposed beside the second light emitter 12. In con-
trast to that, in Embodiment 4, a first light emitter 11, a
first camera 13, and a first light source 15 are arranged
in a single column vertically, and a second light emitter
12, a second camera 14, and a second light source 17
are arranged in a single column vertically. Specifically,
the first camera 13 is disposed above the first light emitter
11, the first light source 15 is disposed below the first
light emitter 11, the second camera 14 is disposed below
the second light emitter 12, and the second light source
17 is disposed below the second camera 14.
[0044] By adopting a layout of this kind, width dimen-
sions of the first and second housings 26 and 27 can be
reduced, enabling mounting space for the first and sec-
ond housings 26 and 27 on the vertical frames 3a and
3b to be reduced.
[0045] Moreover, in the above examples, the light emit-
ters 11 and 12 were set so as to shine red, and the light
sources 15 and 17 to emit near-infrared light, but the light
emitters 11 and 12 and the light sources 15 and 17 are
not limited to emitting these wavelengths of light. For ex-
ample, the light that the light emitters 11 and 12 emit may
also be green, blue, or orange. The light emitters 11 and
12 may also be set so as to emit near-infrared light, and
the light sources 15 and 17 to emit visible light. In addition,
the light emitters 11 and 12 and the light sources 15 and
17 may also be set so as to emit mutually-different wave-
lengths of near-infrared light.
[0046] In the above examples, signals from the first
and second cameras 13 and 14 are processed by a com-
mon image processing and determining portion 20, but
may also be processed by two independent image
processing and determining portions.
[0047] In addition, in the above examples, objects are
detected by light being blocked by the object and a light-
emitting surface image being interrupted, or becoming
shorter, etc., but are not limited to this method for detect-
ing objects. For example, a time differential image that
is a difference between a newest differential image and
a differential image from a predetermined amount of time
before may also be found, and a determination made as
to whether or not a value that is greater than or equal to
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a predetermined value is present in the time differential
image. In such methods, if no object is present, the time
differential image has a value of approximately zero over
an entire surface. If a moving object is present, portions
that are greater than or equal to the predetermined value
appear in the time differential image. For this reason, it
can be determined that an object is present if there is a
portion that is greater than or equal to the predetermined
value. Using a method of this kind, dust that has adhered
to the light-emitting surface 11a and 12a and does not
move is eliminated, and only moving objects such as pas-
sengers, etc., can be detected efficiently.
[0048] In the above examples, presence or absence
of objects is monitored by both the first and second de-
tecting apparatuses 22 and 23 in an interval from a pre-
determined amount of time before the commencement
of door opening until the commencement of door open-
ing, but the presence or absence of objects may also be
monitored only by the first detecting apparatus 22 in this
the time period.
In the above examples, a sliding door apparatus that
opens to two sides has been explained, but the present
invention can also be applied to doors that open to one
side, and car doors and landing doors are not limited to
a particular number of leaves.
In addition, in the above examples, the present invention
has been applied to an elevator car door apparatus, but
can also be applied to landing door apparatuses. For
example, a sliding door apparatus according to the
present invention can also be applied to a doorway that
is disposed in a building, a boarding gate for a passenger
vehicle such as a train, etc., or a boarding gate on a train
platform.

Claims

1. A sliding door apparatus comprising:

a door that opens and closes a doorway by being
moved horizontally;
a first detecting apparatus that has:

a light emitter that is disposed on a side por-
tion of the doorway; and
an imaging means that faces the light emit-
ter from an opposite

side of the doorway and captures images of the
light emitter, the first detecting apparatus detect-
ing an object that is present in the doorway;
a second detecting apparatus that has:

a light source that emits a light beam along
a side portion of the doorway; and
a photodetector that receives the light beam
from the light source,
the second detecting apparatus detecting

an object that is present in a vicinity of the
side portion of the doorway; and

a controlling apparatus that controls opening
and closing of the door based on information
from the first and second detecting apparatuses.

2. A sliding door apparatus according to Claim 1,
wherein the control apparatus monitors whether or
not an object is detected by at least one of the first
and second detecting apparatuses in an interval from
a predetermined amount of time before commence-
ment of door opening until commencement of door
opening, and monitors whether or not an object is
detected only by the second detecting apparatus in
an interval from commencement of door opening un-
til completion of door opening.

3. A sliding door apparatus according to Claim 2, further
comprising an alarm device that issues a warning to
a user in a vicinity of the doorway,
wherein the control apparatus issues a warning us-
ing the alarm device if an object is detected by at
least one of the first and second detecting appara-
tuses in an interval from a predetermined amount of
time before commencement of door opening until
commencement of door opening, and issues a warn-
ing using the alarm device if an object is detected
only by the second detecting apparatus in an interval
from commencement of door opening until comple-
tion of door opening.

4. A sliding door apparatus according to Claim 2,
wherein the control apparatus performs a door open-
ing operation at a lower speed than usual if an object
is detected by at least one of the first and second
detecting apparatuses in an interval from a prede-
termined amount of time before commencement of
door opening until commencement of door opening.

5. A sliding door apparatus according to Claim 1,
wherein:

the light emitter includes:

a first light emitter that is disposed on a first
side of the doorway; and
a second light emitter that is disposed on a
second side of the doorway;

the imaging means includes:

a first imaging means that is disposed on a
first side of the doorway; and
a second imaging means that is disposed
on a second side of the doorway;

the light source includes:
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a first light source that is disposed on a first
side of the doorway; and
a second light source that is disposed on a
second side of the doorway;

the photodetector includes:

a first photodetector that is disposed on a
first side of the doorway; and
a second photodetector that is disposed on
a second side of the doorway;

the first light emitter, the first imaging means,
and either the first light source or the first pho-
todetector are mounted to a common first hous-
ing; and
the second light emitter, the second imaging
means, and either the second light source or the
second photodetector are mounted to a com-
mon second housing.

6. A sliding door apparatus according to Claim 1,
wherein the light emitter and the light source emit
mutually-different wavelengths of light.

7. An elevator comprising:

a car that is raised and lowered inside a hoist-
way;
an elevator door that opens and closes a door-
way that is disposed between the car and a land-
ing by being moved horizontally;
a first detecting apparatus that has:

a light emitter that is disposed on a side por-
tion of the doorway; and
an imaging means that faces the light emit-
ter from an opposite side of the doorway
and captures images of the light emitter,

the first detecting apparatus detecting an object that
is present in the doorway;
a second detecting apparatus that has:

a light source that emits a light beam along a
side portion of the doorway; and
a photodetector that receives the light beam
from the light source,
the second detecting apparatus detecting an ob-
ject that is present in a vicinity of the side portion
of the doorway; and

a controlling apparatus that controls opening and
closing of the elevator door based on information
from the first and second detecting apparatuses.
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