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ELEVATOR SYSTEM
FIELD

Embodiments described herein relate generally to
an elevator system which manages opening and closin

a door of an elevator.
BACKGROUND

In an elevator, a monitoring camera is installed
above a doorway of a car, and performs an imaging
operation to obtain images of the doorway and the
vicinity thereof, and the obtained images are analy
to check the state of a passenger or passengers who
into and/or off the car, in order to take
countermeasures for ensuring safety when the door i
opened/closed.

SUMMARY

Technical Problem

As described above, in an elevator system, a
monitoring camera installed above a doorway of a ca
performs an imaging operation to obtain images of t
doorway and the vicinity thereof, and the obtained
images are analyzed to check the state of a passeng
or passengers who get into and/or off the car, in o
to take countermeasures for ensuring security when
door is opened/closed. However, in an adjustment
function of a conventional monitoring camera, it is
impossible to properly handle a change of an
environment, especially, a change of the brightness
which occurs when the door is opened/closed.
Therefore, there is a possibility that images havin
lower quality will be obtained, and thus safety wil
not reliably be ensured when the door is opened/clo

The above technical problem is solved by providing

an elevator system in which in an imaging operation
the doorway and the vicinity thereof, the quality o
images obtained by the imaging operation when the d
is opened/closed can be improved, and more effectiv
countermeasures for ensuring safety when the door i
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opened/closed can be taken.
Solution to Problem

In an elevator system according to an embodiment,
an imaging unit installed above a doorway of a car to
perform an imaging operation to obtain an image of
hall, the doorway of the car and the vicinity of th
doorway in an interior of the car; a measuring unit
which measures an exposure amount of a specified
detection area in the image obtained by the imaging
unit; and a controller which adjusts an exposure
adjustment parameter of the imaging unit in accorda nce
with the exposure amount measured by the measuring
unit, to execute a control such that the exposure
amount of the detection area is set to a proper
exposure value. While the door is being opened, as the
detection area, the controller specifies a detectio n
area in the interior of the car, and notifies the
measuring unit of the specified detection area; and
while the door is being closed, as the detection ar ea,
the controller specifies a detection area in the ha Il,
and notifies the measuring unit as the specified
detection area.
Advantageous Effects of Invention

According to the embodiment, it is possible to
provide an elevator system in which in an imaging
operation for the vicinity of the doorway, the qual ity
of an image obtained by the imaging operation when the
door is opened/closed can be improved, and more
effective countermeasures for ensuring safety when the
door is opened/closed can be taken.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a
configuration of an elevator system according to an
embodiment.

FIG. 2 is a view for explaining opening and
closing operations of a car as illustrated in FIG. 1,
which are performed when the car arrives at a hall.
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FIG. 3A is a block diagram illustrating the entire
configuration of the entire camera.

FIG. 3B is a block diagram illustrating a concrete
configuration of a controller of the camera.

FIG. 4 is a view illustrating an imaging range of
the camera as illustrated in FIGS. 3A and 3B and
exposure detection areas as illustrated in FIGS. 3A
3B.

FIG. 5 is a flowchart indicating a flow of an
exposure adjustment of the camera as illustrated in
FIGS. 3A and 3B.

DETAILED DESCRIPTION

An embodiment will be described with reference to
the drawings.

FIG. 1 is a block diagram illustrating a
configuration of an elevator system according to th
embodiment. It should be noted that the term
“elevator” used herein basically means the car of a
elevator.

In FIG. 1, reference numbers 11 and 12 denote a
car controller and a car, respectively. The car
controller 11 is connected to an elevator controlle
(not shown), and transmits and receives various kin
of signals such as a hall call and a car call to an
from the elevator controller. It should be noted t
in the hall of each of floors, hall call buttons (n
shown) are installed, and the hall call means that
signal which includes information on a floor and a
destination direction is registered in the elevator
controller by operating any of the hall call button
installed in the hall of the floor. The car call m
that a call signal in the car 12, which includes
information on a destination floor, is registered i
the elevator controller by operating any of destina
floor buttons (not shown) installed in the car 12.

The car controller 11 includes a door opening and
closing controller 111. The door opening and closi
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controller 111 controls opening and closing of a ca
door 13 when the car 12 arrives at the hall. To be
more specific, the door opening and closing control
111 opens the car door 13 when the car 12 arrives a
the hall, and then closes the car door 13 after a
predetermined time elapses. However, while the car
door 13 is fully open, if a person who appears to g
into or off the car 12 is detected by passenger-
detection processing based on an image analysis by

image processing apparatus 16, the door opening and

closing controller 111 inhibits closing of the car
13 to keep the car door 13 open. Also, during clos
of the car door 13, if a person who appears to get
or off the car 12 is detected, the door opening and
closing controller 111 stops closing of the car doo
13, and re-opens the car door 13.

It should be noted that in the hall of each floor,
a hall door 14 is installed in a place where the ca
will arrive, such that it is openable/closable. Th
hall door 14 is opened as engaged with the car door
when the car 11 arrives at the hall, and is then
closed, kept engaged with the car door 13, after th
predetermined time elapses. A power source (door
motor) is provided in the car 12, and the hall door
is merely opened/closed in accordance with
opening/closing of the car door 13. In the followi
explanation, it is assumed that when the car door 1
fully open, the hall door 14 is also fully open, an
when the car door 13 is fully closed, the hall door
is also fully closed. FIG. 2 illustrates opening a
closing operations of the car 12 which are performe
when the car 12 arrives at the hall.

In the embodiment, a monitoring camera 15 is
installed above a doorway of the car 12, for exampl
at an inner portion of a modesty panel of the car d

13. The camera 15 can perform an imaging operation

obtain images of several frames per second, like a
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car-mounted camera. In the case where the car 12
arrives at each of the floors, the camera 15 perfor
an imaging operation to obtain images of the hall a
the vicinity of the car door 13, which includes the
interior of the car 12, in the following time perio

a time period in which the car door 13 performs its
opening operation; a time period which the car door
is fully open to enable a passenger or passengers t
get into and/or off the car 12; and a time period i
which the car door 13 performs its closing operatio
(see FIG. 4).

Each of images (video) obtained by the imaging
operation performed by the camera 15 is subjected i
real time to an analytical processing by the image
processing apparatus 16. The image processing
apparatus 16 extracts images of a moving object, fo
example, a person (a passenger who uses an elevator
and performs, for example, an analytical processing
follow the motion of the person, such as detection
whether the person has completely gotten into or of
the car 12, detection of whether the person is caug
in a door pocket for the door when the door is open
etc., and as occasion demands, for example, give an
instruction to issue an alarm as security. It shou
be noted that in the example illustrated in FIG. 1,
image processing apparatus 16 is provided independe
of the car controller 11; however, the car controll
11 may be formed to also have the function of the i
processing apparatus 16.

FIG. 3A is a block diagram illustrating the entire
configuration of the camera 15. In FIG. 3A, 151, 1
153 and 154 denote an imaging unit, an image memory
exposure-amount measuring unit and an exposure
controller, respectively. FIG. 3B concretely
illustrates the exposure controller 154.

The imaging unit 151 comprises an optical lens, an
image sensor and an electronic shutter, although th
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are not illustrated in detail in FIG. 3A. The imag

unit 151 forms an image on the image sensor with de
focus of the optical lens, adjusts exposure time by
adjusting the shutter speed of the electronic shutt

and digitizes an image in units of one pixel in the

image sensor. An image signal obtained in the imag
unit 151 is temporarily stored as data in the image
memory 152, and then read from the imaging memory 1
in units of one frame, and sent to the image proces
apparatus 16.

In response to an instruction issued by the
exposure controller 154, the exposure-amount measur
unit 153 reads an image signal as data from the ima
memory 152 to measure an exposure amount of a speci
one of a detection area in the interior of the car
a detection area in the hall.

The exposure controller 154 determines a fully-
opened state of the car door 13 as an initial state
and instructs the exposure-amount measuring unit 15
measure an exposure amount of the detection area of
interior of the car, which is registered in advance
and acquires an exposure-amount measurement value o
the detection area. Then, the exposure controller
computes exposure time such that the acquired expos
amount measurement value is proper (it may acquire
proper exposure time from a table which is prepared
advance to indicate exposure-amount measurement val
and exposure times corresponding to proper values),
adjusts the shutter speed of the electronic shutter
the imaging unit 151 based on the computed exposure
time. In the following, it is assumed that the abo
series of processes is exposure adjustment.

In the case where in the fully-closed state of the
car door 13, the car controller 11 gives an instruc
to open the car door 13, the exposure controller 15
causes the exposure-amount measuring unit 153 to
continuously measure the exposure amount of the
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detection area in the interior of the car until the
door 13 is fully opened, and adjusts exposure based
the measured exposure amount.

When the car door 13 is fully opened, the exposure

controller 154 instructs the exposure-amount measur
unit 153 to measure an exposure amount of the detec
area in the hall, which is registered in advance.

Furthermore, an exposure-amount measurement value o

the detection area in the hall is acquired from the
exposure-amount measuring unit 153, and exposure
adjustment is carried out based on the exposure-amo
measurement value.

In the case where the car door 13 starts to be
closed from the fully-opened state of the car door
the exposure controller 154 causes the exposure-amo
measuring unit 153 to continuously measure the expo
amount of the detection area in the hall until the
door 13 is fully closed, and adjusts exposure based
the measured exposure amount.

The exposure controller 154, as illustrated in
FIG. 3B, comprises: a center processor unit (CPU) 2
which executes an arithmetic processing in accordan
with an exposure adjustment program; a read-only me
(ROM) 22 which stores a program to be carried out b
the CPU 21 and registration information (the detect
area, an exposure time reference table, etc.); ara
access memory (RAM) 23 which is a work area for use
execution of a program by the CPU 21; and an
input/output (I/0) interface 24 which inputs the
registration information, data on the measured expo
amount and an instruction to open the car door, and
outputs an electronic-shutter drive signal
corresponding to an exposure time for setting the
measured exposure amount to a proper value.

An exposure adjustment processing according to the

embodiment, which is executed in the above structur
will be explained with reference to FIGS. 4 and 5.
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should be noted that FIG. 4 is a view illustrating
imaging range of the camera 15 (i.e., the imaging r
of the imaging unit 151), and FIG. 5 is a flowchart
indicating the flow of a control executed by the
exposure controller 154 of the camera 15.

In general, an ordinary camera is adjusted in
exposure amount such that the brightness of the ent
image displayed on its screen becomes optimum.
However, since the hall is brighter than the interi
of the car of the elevator, when the camera 15 is u
in the interior of the car to perform an imaging
operation, the exposure amount in the imaging range
rapidly changes during opening/closing of the car d
13 to greatly differ from a proper exposure value,
result of which clipped whites or crushed shadows a
made in an area of an image which is to be detected
and they cause the image to be visibly unrecognizab
In view of the above, in the elevator system accord
to the embodiment, the position of a spot (detectio
area) for which exposure adjustment of the camera 1
carried out is changed in accordance with
opening/closing of the car door 13.

In FIG. 4, 13a and 13b denote car-door leaves, and
14a and 14b denote hall-door leaves. Itis assumed
that when the car door 13 is in the fully-closed st
or it is being opened, the imaging range of the cam
15 includes a range in which the car door and the
vicinity thereof are located, and when the car door
in the fully-opened state, or it is being closed, t
imaging range of the camera 15 includes a range of
hall side.

In the elevator system, when the car door 13 is
being opened, in order to monitor whether a passeng
is caught in the door pocket of the car door or not
detection area A in the interior of the car which i
located close to the doorway of the car as illustra
in FIG. 4 is determined as the detection area the
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exposure amount of which is to be detected, so that
imaging operation is performed on the interior of t
car with a proper exposure. Furthermore, when the
door 13 is in the fully-opened state, or it is bein
closed, in order to monitor a passenger or passenge
getting into or off the car, a detection area B in

hall which is located close to the doorway as
illustrated in FIG. 4 is determined as the above
detection area, so that the imaging operation is
performed on the hall side with a proper exposure.
should be noted that the detection areas A and B ar
registered in advance.

In the camera 15, the exposure controller 154
executes control processing for such exposure
adjustment as illustrated in FIG. 5. First, in the
fully-closed state of the car door 13, the exposure
controller 154 specifies the detection area A in th
interior of the car in an image, as an exposure-amo
measurement spot (step S1), acquires the result of
measurement of an exposure amount of the detection
A (step S2), determines a proper exposure time base
the result of the measurement (step S3), and contro
driving of the electronic shutter in accordance wit
the proper exposure time (step S4). When the car d
13 starts to be opened in response to inputting of
instruction to open the car door 13, the exposure
controller 154 continues exposure adjustment for th
detection area A in the interior of the car while t
car door 13 is being opened, and waits for entrance
the car door 13 into the fully-opened state. When
car door 13 is fully opened, the exposure controlle
154 determines the detection area B in the hall in

image as the exposure-amount measurement spot (step

S6), acquires the result of measurement of the expo
amount of the detection area B (step S7), determine
proper exposure time based on the result of the
measurement (step S8), and controls driving of the
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electronic shutter in accordance with the proper
exposure time (step S9). The exposure controller 1
waits for ending of a fully-opened period in which
car door 13 is fully closed (step S10), and then wh
the fully-opened period ends and the car door 13 st
to be closed, the exposure controller 154 continues
exposure adjustment for the detection area B in the
hall while the car door 13 is being closed. When 't
car door 13 is fully closed, the step to be carried

is returned to step S1, and a series of steps as
described above are repeatedly carried out.

As described above, in the embodiment, the
detection area A in the car and the detection area
the hall are set and registered in advance.
Furthermore, when the car door 13 is in the fully-
closed state, or it is being opened, an exposure va
is set for the detection area A in the car. Thus,
imaging operation is performed on the interior of t
with a proper exposure, thus preventing clipped whi
or crushed shadows from being made in an image of t
interior of the car. Therefore, from obtained imag
it is possible to reliably recognize whether a
passenger is caught in the door pocket or not, and
take countermeasures for ensuring safety. Furtherm
when the car door 13 is in the fully-opened state,
it is being closed, an exposure value is set for th
detection area B in the hall. Thus, the imaging
operation is performed on the doorway and the vicin
of the doorway in the hall a proper exposure, thus
preventing clipped whites from being made in an ima
of such a hall side as described. Therefore, from
obtained images, it is possible to reliably recogni
the state of a passenger or passengers getting into
off the car, and thus take countermeasures for ensu
safety when they are getting into or off the car.

According to the above embodiment, it is possible

to provide an elevator system which can properly

54
the
en
arts

he
out

Bin

lue
the
he
tes
he
es,

thus
ore,
or

ity

ge

ze
or
ring



10

15

20

25

30

35

- 11 -

improve the quality of images of the doorway of the
and the vicinity of the doorway, which are obtained
an imaging operation, and thus more effectively tak

countermeasures to ensure safety when the car door

opened/closed.

It should be noted that in the above explanation

of the embodiment, as a parameter for adjusting
exposure, the exposure time to be adjusted by
controlling the electronic shutter is described by

of example; however, the sensitivity of the image
sensor, a frame interval, or a combination of them
also be applied to put the elevator system accordin
the embodiment into practice.

Furthermore, regarding the embodiment, the above

explanation is given with respect to the case where
detection area for which exposure is to be adjusted
changed in accordance with an instruction to open t
car door; however, it may be set that a state in wh
the car door is fully closed, a state in which the
door is being opened, a state in which the car door
is fully opened or a state in which the car door 13
being closed is detected, and the detection area fo
which exposure is to be adjusted is switched based
the result of the above detection.

Furthermore, in the case where a proper exposure

value can be set from the outside of the camera (th
imaging unit), it may be set that the position of t
door is detected, and the proper exposure value is
fixed or changed based on the result of the detecti
For example, when the car door is being opened or
closed, the proper exposure value is fixed, and whe
is in the fully-opened state or the fully-closed st

the proper exposure value is changed such that the
average value of brightness values of all areas of
image on a screen (or part of the image/the entire
detection area thereof/part of the detection area)
falls within a predetermined range.
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Furthermore, the exposure adjustment may be
changed every time zone. For example, in the case
where the detection area is influenced by sunlight
the like, the exposure value is changed to a
predetermined value in accordance with at least one
time (daytime/nighttime or the like) and seasons.
Alternatively, the exposure adjustment is carried o
with a learning function, and exposure setting is
carried out to determine optimal exposure values by
time (and season).

Furthermore, it is preferable that the exposure
adjustment be performed such that the brightness va
(for example, 0 to 255) regarding the detection are
falls within a predetermined range (for example, th
range of 110 to 140).

In addition, it is preferable that the exposure
value be set in accordance with the color of the
flooring of the hall of each floor. That is, since
color of the flooring of the hall is related to the
exposure adjustment, exposure values are determined
accordance with the colors of the floorings of the
floors, respectively.

Also, it is preferable that the exposure value be
varied in accordance with a combination of the colo
the flooring and time zone to be referred to. That
since the exposure adjustment is influenced by the
color of the flooring and sunlight, the exposure va
is determined in accordance with the color of the
flooring and time zone to be referred to.

In addition, as illustrated in FIGS. 1 and 3A, it
may be set that using a sensor (for example, an
infrared sensor or an illuminometer) 155 installed
close to the camera (imaging unit) 15, information
the brightness of the hall side is acquired when th
car door is opened, an optimal exposure value is
calculated based on the brightness, and the exposur
adjustment is controlled based on the exposure valu
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The embodiment is not limited to the above, and
can be embodied by modifying a structural element o
elements without departing from its subject matter
being put to practical use.

Furthermore, various inventions can be made by
appropriately combining a plurality of structural
elements described with respect to the above
embodiment. For example, some of all the structura
elements described as to the embodiment may be dele
In addition, structural elements associated with
different embodiments may be combined as appropriat
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ted.
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WHAT IS CLAIMED IS:
1. An elevator system comprising:

an imaging unit installed above a doorway of a car

to perform an imaging operation to obtain an image
hall, the doorway of the car and vicinity thereof i
interior of the car; and

a measuring unit which measures an exposure amount

of a specified detection area in the image obtained
the imaging unit; and

a controller which adjusts an exposure adjustment

parameter of the imaging unit in accordance with th
exposure amount measured by the measuring unit, to
execute a control such that the exposure amount of
detection area is set to a proper exposure value,

wherein while the door is being opened, as the
detection area, the controller specifies a detectio
area in the interior of the car, and notifies the
measuring unit of the specified detection area; and
while the door is being closed, as the detection ar
the controller specifies a detection area in the ha
and notifies the measuring unit as the specified
detection area.

2. The elevator system of Claim 1, wherein the
controller has a function of registering the detect
area in the interior of the car and the detection a
in the hall in advance.

3. The elevator system of Claim 1, wherein the
controller determines at least any of exposure time
sensitivity and a frame interval of the imaging uni
the exposure adjustment parameter.

4. The elevator system of Claim 1, wherein the
controller controls exposure adjustment in accordan
with an instruction to open the door.

5. The elevator system of Claim 1, wherein in a
case where the imaging unit is allowed to be set
externally with respect to an exposure value, the
controller fixes or changes the proper exposure val
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in accordance with a position of the door.
6. The elevator system of Claim 1, wherein the
controller changes the proper exposure value in
accordance with a change of at least one of time an d
seasons.
7. The elevator system of Claim 6, wherein the
controller changes the proper exposure value in

accordance with a change of at least one of time an d
seasons.

8. The elevator system of Claim 1, wherein the
controller controls the exposure adjustment such th ata
brightness value of the detection area in the inter ior

of the car and that of the detection area in the ha Il
fall within a predetermined range.
9. The elevator system of Claim 1, wherein the
controller changes the proper exposure value in
accordance with a color of a flooring of a hall of each
floor.
10. The elevator system of Claim 1, wherein the
controller changes the proper exposure value in
accordance with a combination of a time zone and a
color of a flooring of a hall of each floor.
11. The elevator system of Claim 1, further
comprising:
a sensor installed close to the imaging device to
acquire data regarding a brightness of the hall whe n
the door is opened,
wherein the controller calculates a proper
exposure value based on the data acquired by the
sensor, and controls exposure adjustment based on t he
calculated proper exposure value.



