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DOOR SYSTEM OF ELEVATOR 

FIELD 

 Embodiments described herein generally relate to a  

door system of an elevator in which a car includes a 

car door provided with a camera.  5 

BACKGROUND 

 In general, when a car of an elevator arrives at a  

hall, its door is opened.  Then, after a predetermi ned 

time elapses, the door is closed, and the car depar ts 

for a destination floor.  In this case, a passenger  in 10 

a hall does not know when the door of the car will be 

closed.  Thus, there is a case where when the passe nger 

in the hall is getting into the car, the door of th e 

car is being closed, and the passenger thus hits 

against the door.   15 

 Therefore, in order to prevent a passenger from 

hitting against the door of a car when the passenge r 

gets into the car, it is conceivable that a sensor is 

provided to detect a passenger who will get into th e 

car, and opening/closing of the door is controlled 20 

based on the result of the detection.  As the senso r, 

in general, a photoelectric sensor is used.  To be more 

specific, a photoelectric sensor is installed at an  

upper portion of the car, and optically detects a 

passenger who will get into the car.  While the 25 

passenger is being detected, the door of the car ca n be 

kept opened.  Thereby, it is possible to prevent th e 

passenger from hitting against the door of the car when 

the door is being closed, and also from being caugh t in 

a door pocket for the door.   30 

 The detection range of the above photoelectric 

sensor is small; that is, the photoelectric sensor 

cannot detect a passenger until he or she enters th e 

small detection range.  Thus, it is highly possible  

that detection of the photoelectric sensor is 35 

erroneous.  In view of this point, it is conceivabl e 

that for example, a monitoring camera to be install ed 
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in a vehicle or the like is used to detect movement  of 

a passenger with a high accuracy.  However, in gene ral, 

such a monitoring camera is large.  In addition, in  the 

case where a monitoring camera is applied, it needs  to 

have a function of detecting movement of a passenge r.  5 

For such a reason, the monitoring camera is restric ted 

by its location when it is attached to a car.  

SUMMARY 

 A door system of an elevator, according to one 

embodiment includes: a camera installed at an upper  10 

portion of a car, which is located above a doorway of 

the car, the camera being installed to perform an 

imaging operation at least in a predetermined range  of 

a hall; and a control board installed at the upper 

portion of the car, and having a movement detection  15 

function of performing analysis processing on each of 

images obtained by the imaging operation of the cam era 

to detect movement of a passenger in the hall who w ill 

get into the car.  The camera and the control board  are 

located in respective positions.  Opening/closing o f a 20 

door of the car is controlled based on the result o f 

detection of the movement detection function. 

BRIEF DESCRIPTION OF THE DRAWINGS 

 FIG. 1 is a view illustrating a configuration of a  

riding detection system of an elevator according to  an 25 

embodiment.  

 FIG. 2 is a view illustrating an example of an 

image obtained by imaging of a camera in the 

embodiment.  

 FIG. 3 is a view for explaining a coordinate 30 

system in a real space in the embodiment.  

 FIG. 4 is a view schematically illustrating a 

relationship between a modesty panel of a car and a  

door thereof in the embodiment.  

 FIG. 5 is a view illustrating an example of 35 

setting of the camera in the embodiment.  

 FIG. 6 is a block diagram illustrating units 
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provided on a control board in the embodiment. 

DETAILED DESCRIPTION 

 Embodiments will now be described with reference 

to the accompanying drawings.  

 FIG. 1 is a view illustrating a configuration of a  5 

riding detection system of an elevator according to  an 

embodiment.  It should be noted that the following 

description is made by referring to a single car; 

however, in the case where a plurality of cars are 

operated in the system, the system has the same 10 

structure as described as follows.  

 A monitoring camera 20 and a control board 30 are 

individually installed at an upper portion of a car  11, 

which is located above a doorway of the car 11, the  

camera 20 having a predetermined number of pixels, the 15 

control board 30 being provided to control an imagi ng 

operation of the camera 20.  To be more specific, t he 

camera 20 is installed at a modesty panel 12 which 

covers the above upper portion of the car 11, such that 

a lens portion of the camera 20 faces a hall 15.  T he 20 

camera 20 is a small monitoring camera such as a 

vehicle-mounted camera, includes a wide-angle lens,  and 

can perform continuous imaging to obtain images of 

dozens of frames per second (for example, 30 

frames/second).  When the car 11 arrives at each of  25 

floors and a car door 13 opens, the camera 20 image s a 

state of the hall 15 along with a state of the vici nity 

of the car door 13 in the car 11.  

 The range of the above imaging is adjusted such 

that L1 + L2 (L1 > L2).  L1 is an imaging range on a 30 

hall side, and a distance from the car door 13 to a  

location in the hall 15, for example, 3 m.  L2 is a n 

imaging range on a car side, and a distance from th e 

car door 13 to a location in the car, for example, 

50 cm.  It should be noted that L2 and L1 are dista nces 35 

in a depth direction of the car and the opposite 

direction of the depth direction, and it is assumed  
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that the range of the imaging in a width direction 

(perpendicular to the depth direction and the oppos ite 

direction thereof) is greater than at least the wid th 

of the car 11.  

 It should be noted that in the hall 15 of each 5 

floor, a hall door 14 is installed openable/closabl e, 

in a place where the car 11 will arrive.  The hall door 

14 is opened as being engaged with the car door 13 when 

the car 11 arrives.  A power source (door motor) is  

provided in the car 11, and the hall door 14 is mer ely 10 

opened/closed in accordance with opening/closing of  the 

car door 13.  In the following explanation, it is 

assumed that when the car door 13 is opened, the ha ll 

door 14 is also opened, and when the car door 13 is  

closed, the hall door 14 is also closed.  15 

 The control board 30 is provided at the modesty 

panel 12 and independent of the camera 20.  The con trol 

board 30 has a movement detection function (a movem ent 

detection unit 46 as illustrated in FIG. 6) of 

analyzing each of images (video) obtained by an ima ging 20 

operation of the camera 20 to detect movement of a 

passenger in the hall 15 which gets into the car 11 .  

 The car controller 40 is connected to an elevator 

controller not shown, and transmits and receives 

various kinds of signals such as a hall call and a car 25 

call to and from the elevator controller.  It shoul d be 

noted that the hall call corresponds to a signal wh ich 

indicates a call registered by operating any of hal l 

call buttons (not shown) installed in the hall 15 o f 

each of the floors, and which includes information on a 30 

registration floor and a destination direction.  Th e 

car call corresponds to a signal which indicates a call 

registered by operating any of destination floor 

buttons (not shown) installed in the car 11, and wh ich 

includes information on a destination floor.  35 

 Furthermore, the car controller 40 controls 

opening and closing of the car door 13 when the car  11 
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arrives at the hall 15.  To be more specific, the c ar 

controller 40 opens the car door 13 when the car 11  

arrives at the hall 15, and then closes the car doo r 13 

after a predetermined time elapses.  

 However, in the case where a person which will get  5 

into the car is detected based on images obtained b y an 

imaging operation of the camera 20 during opening o f 

the car door 13, the car controller 40 inhibits the  car 

door 13 from being closed, thereby keeping the car door 

13 opened.  Furthermore, in the case where a person  10 

which will get into the car is detected based on im ages 

obtained by an imaging operation of the camera 20 

during closing of the car door 13, the car controll er 

40 stops closing of the car door 13 and re-opens th e 

car door 13.  15 

 FIG. 2 is a view illustrating an example of an 

image obtained by an imaging operation of the camer a 

20.  In FIG. 1, E1 denotes a movement detection are a, 

and yn denotes a Y-coordinate of the position of a foot 

of a passenger.  20 

 The camera 20 is installed above the doorway of 

the car 11 and at the upper portion of the car 11.  

Therefore, when the door of the car 11 is opened in  the 

hall 15, an imaging operation is performed to image  the 

hall in a predetermined range (L1) and the car in a  25 

predetermined range (L2).  By virtue of the camera 20, 

the range of the above detection is increased, and it 

is possible to detect even a passenger who is prese nt a 

short distance away from the car 11.  However, ther e is 

a possibility that a person who merely passes throu gh 30 

the hall 15 (a person who will not get into the car  11) 

may be detected by mistake as a passenger who will get 

into the car 11, and as a result the car door 13 ma y be 

opened.  

 In view of the above, in the system according to 35 

the embodiment, each of images obtained by an imagi ng 

operation of the camera 20 is divided into blocks e ach 
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having a predetermined size, and in the images, blo cks 

showing movement of a person or an object are detec ted 

and the detected blocks are followed, to thereby 

determine whether the person is a passenger who wil l 

get into the car or not.  5 

 FIG. 3 is a view for explaining a coordinate 

system in a real space.  

 The camera 20 performs an imaging operation to 

obtain an image along X-, Y- and Z-axes as illustra ted 

in FIG. 3.  The X axis is an axis along which the c ar 10 

door 13 fitted on the doorway of the car 11 is 

opened/closed; the Y-axis is an axis parallel to a 

direction from the center of the car door 13 toward  the 

hall 15 (a direction perpendicular to the car door 13); 

and the Z-axis is an axis parallel to the height 15 

direction of the car 11.  

 In the system according to the embodiment, images 

obtained by an imaging operation of the camera 20 a re 

compared with each other in units of one block with  

respect to blocks corresponding to the motion detec tion 20 

area E1 as illustrated in FIG. 2.  Based on the res ult 

of the above comparison, of blocks showing movement  of 

the person or object in the direction from the hall  15 

toward the center of the car door 13, i.e., in a 

direction along the Y-axis, a block showing part of  the 25 

person or object which is the closest to the car do or 

13 is assumed as a block showing a foot of a passen ger, 

and from variation of the position of the foot with  the 

passage of time, it is determined whether the passe nger 

will get into the car.   30 

 It should be noted that actually, the motion 

detection area E1 is divided into an area for 

determining the position of a foot of a passenger, an 

area for determining whether the passenger will get  

into a car or not, etc.; and with respect to each o f 35 

these areas, predetermined image processing is 

executed.  This, however, is not directly relevant to 
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the embodiment, and its detailed explanation will t hus 

be omitted.  

 It will be explained how the camera 20 and the 

control board 30 are installed.  

 FIG. 4 is a view schematically illustrating a 5 

relationship between the modesty panel 12 of the ca r 11 

and the car door 13.  In the following, the car doo r 13 

is explained by way of example as a double-leaf doo r.  

 At the doorway of the car 11, two door panels 13a 

and 13b forming the car door 13 are respectively 10 

installed on left and right sides with respect to a  

center line of the doorway.  When the car door 13 i s 

opened, the door panels 13a and 13b are moved over door 

rails (not shown) in respective directions away fro m 

each other.  By contrast, when the car door 13 is 15 

closed, the door panels 13a and 13b are moved in 

respective directions toward each other.  

 For example, in the case where the width and 

height of the doorway of the car 11 are 800 mm and 

2,000 mm, respectively, the width (W) and height (H ) of 20 

each of the door panels 13a and 13b are 40 to 45 mm  and 

approximately 2,000 mm.  However, these dimensions 

change in accordance with the size of the car 11.   

 The modesty panel 12 is installed at the upper 

portion of the car 11 and above the doorway thereof  as 25 

illustrated in FIG. 4.  The width (w) of the modest y 

panel 12 as illustrated in FIG. 4 falls within the 

range of 800 to 1,000 mm, and the height (h) and de pth 

(d) of the modesty panel 12 fall with the range of 200 

to 300 mm and the range of 40 to 50 mm, respectivel y.  30 

 The camera 20 is installed at a center portion of 

the modesty panel 12 in the longitudinal direction 

thereof, which is located on the center line of the  

doorway.  To be more specific, as illustrated in 

FIG. 5, the camera 20 is located at an inner portio n of 35 

the modesty panel 12, and attached thereto by a sup port 

member 21, such that a lens 20a is inclined at a 
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predetermined angle γ with respect to the modesty 

panel 12 to face the hall 15.  A camera cover 22 is  

provided to cover the camera 20, with space interpo sed 

between the camera cover 22 and the camera 20, and a 

transparent acrylic cover 23 is also provided to fa ce 5 

the lens 20a.  The outer dimensions k of the camera  20 

are approximately 35 mm × 35 mm (height × width), a nd 

the length r of a projected portion of the camera 2 0 is 

approximately 20 mm.  

 In the modesty panel 12, photoelectric sensors 32a  10 

and 32b, other devices 33 and 34, etc., are install ed 

originally.  The photoelectric sensors 32a and 32b are 

provided to prevent a passenger from being caught i n 

door pockets for the door panels 13a and 13b.  The 

photoelectric sensors 32a and 32b comprise light-15 

emission units which emit light downwards from both  

sides of the doorway, and light-reception units whi ch 

receive light which is reflected after emitted from  the 

light-emission units.  As the other devices 33 and 34, 

for example, a device for attaching a mirror to the  20 

modesty panel 12, a device for attaching a monitor to 

the modesty panel 12, etc., are provided.  Furtherm ore, 

in the case where the car is of a two-way-gateway t ype, 

a two-way-gateway indicator, etc., are provided.  

 In such a manner, in general, at the modesty panel  25 

12, a plurality of devices are installed originally .  

Thus, it is hard that the camera 20 and the control  

board 30 are formed integral with each other, and 

installed at the center portion of the modesty pane l 

12.  In the embodiment, the camera 20 and the contr ol 30 

board 30 are formed separate from each other, and m ade 

compact; the camera 20 is installed in the center 

portion of the modesty panel 12; and the control bo ard 

30 is installed in vacant space in the modesty pane l 

12.  35 

 In particular, it should be noted that in vacant 

space in the modesty panel 12 where the devices do not 
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interfere with each other, the control board 30 is 

located closest to the camera 20.  This is intended  to 

prevent noise from occurring due to a transmission 

loss.  To be more specific, in the case where the 

camera 20 and the control board 30 are formed separ ate 5 

from each other, they are connected to each other b y a 

cable 31.  Through the cable 31, each of images 

obtained by an imaging operation of the camera 20 i s 

sent to the control board 30.  In this case, if the  

camera 20 and the control board 30 are separated fr om 10 

each other by a given distance, the cable 31 needs to 

have a length corresponding to the distance.  Thus,  if 

the distance is increased, the length of the cable 31 

is also increased, thus increasing the rate of 

occurrence of noise due to a transmission loss.  15 

 As illustrated in FIG. 6, on the control board 30,  

the movement detection unit 46 is provided as a 

function unit which achieves the system according t o 

the embodiment.  The movement detection unit 46 is a 

unit which detects movement of a person or an objec t by 20 

performing an image analysis.  To be more specific,  the 

movement detection unit 46 detects movement of a 

passenger who will get into the car 11, based on im ages 

obtained by an imaging operation of the camera 20, and 

controls opening/closing of the car door 13 based o n 25 

the result of the above detection.  

 In the system, based on the result of comparison 

of the obtained images, of blocks of each of the 

images, a block showing part of the person or objec t 

which is the closest to the car door 13 is assumed as a 30 

block showing a foot of a passenger, and from varia tion 

of the position of the foot with the passage of tim e, 

it is determined whether the passenger will get int o 

the car.  However, if an obtained image or images 

contain much noise, there is a possibility that the  35 

position of a foot of a passenger will not be corre ctly 

detected.  This influences the control over 
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opening/closing of the car door 13.  

 Therefore, it is preferable that the control board  

30 be installed as close as possible to the camera 20.  

However, since a plurality of devices are installed  in 

the modesty panel 12, in vacant space thereof where  5 

these devices are not located, the control board 30  is 

installed as close as possible to the camera 20.  

 On the control board 30, a log unit 41, an 

elevator unit 42, a door sensor unit 43, a setting unit 

44, a camera unit 45, etc., are mounted, in additio n to 10 

the above movement detection unit 46.  

 The log unit 41, for example, records an operation  

state of the camera 20.  The elevator unit 42 perfo rms 

a control related to an elevator operation includin g 

the operation of the car 11.  The door sensor unit 43 15 

performs a control related to opening/closing of th e 

car door 13.  The setting unit 44 performs various 

settings related to the imaging operation of the ca mera 

20, which include the setting of exposure.  The cam era 

unit 45 is a unit which controls the imaging operat ion 20 

of the camera 20, and for example, adjusts exposure  in 

accordance with the opening/closing of the car door  13.  

 Transmission of a signal between the camera 20 and  

the units 41 to 46 mounted on the control board 30 is 

carried out using the cable 31.  Each of images 25 

obtained by the imaging operation of the camera 20 is 

sent to the control board 30 as a signal according to a 

signal conforming to the National Television System  

Committee (NTSC) standards.  By contrast, signals 

representing, for example, various settings of the 30 

camera 20, are sent from the control board 30 to th e 

camera 20 as signals conforming to a serial 

communication method with Inter-Integrated Circuit 

(I2C).  

 In such a manner, according to the embodiment, the  35 

camera 20 and the control board 30 are formed separ ate 

from each other, and thus made compact, as a result  of 
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which they can be installed in proper positions in the 

car 11.  The proper positions are located in the up per 

portion of the car 11, which is located above the 

doorway of the car 11, i.e., in the modesty panel 1 2.  

The camera 20 is installed at the center portion of  the 5 

modesty panel 12 in the longitudinal direction ther eof, 

which is located on the center line of the doorway,  

whereby it is possible to reliably perform in a 

predetermined range an imaging operation on a passe nger 

who is going from the hall 15 toward the car door 1 3, 10 

to obtain an image of the passenger.  

 Furthermore, the control board 30 is installed as 

close as possible to the camera 20 in the modesty p anel 

12, whereby noise can be prevented from occurring d ue 

to a transmission loss, and movement of the passeng er 15 

can be detected with a high accuracy.  Thereby, it is 

possible to prevent, for example, a person who mere ly 

passes by the car, from being mistakenly detected a s a 

passenger who will get into the car, and correctly 

detect only a passenger who will get into the car; and 20 

control opening/closing of the car door based on th e 

result of the detection.  

 Furthermore, since the camera 20 and the control 

board 30 are formed separate from each other, for 

example, in the case where the camera 20 breaks dow n, 25 

only the camera 20 can be replaced by a new one.  A lso, 

in the case where a malfunction such as a failure 

occurs in the control board 30, it suffices that on ly 

the control board 30 can be exchanged for a new one , 

thus reducing the time and cost required for such 30 

replacement.  

 In addition, since the camera 20 and the control 

board 30 are provided separated from each other, 

various kinds of cameras (a wide-angle camera, an 

infrared camera, a time-on-flight [TOF] camera) can  be 35 

applied as the camera 20, and any of them can be 

exchangeably installed as the camera 20 in the car 11.  
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Also, the control board 30 can be easily replaced b y a 

control board conforming to the kind of the camera.   

 It should be noted that in the above embodiment, 

signals are transmitted between the camera 20 and t he 

control board 30 through the cable; however, the 5 

signals may be transmitted wirelessly, for example,  

using Bluetooth (registered trademark) or the like.   

 According to at least one of the above 

embodiments, it is possible to provide an elevator 

system in which constraints on the attachment of th e 10 

camera to the car are reduced, the camera is instal led 

in a proper location to correctly detect movement o f a 

passenger, and opening/closing of the car door can be 

controlled based on the result of the detection.  

 While certain embodiments have been described, 15 

these embodiments have been presented by way of exa mple 

only, and are not intended to limit the scope of th e 

inventions.  Indeed, the novel embodiments describe d 

herein may be embodied in a variety of other forms;  

furthermore, various omissions, substitutions and 20 

changes in the form of the embodiments described he rein 

may be made without departing from the spirit of th e 

inventions.  The accompanying claims and their 

equivalents are intended to cover such forms or 

modifications as would fall within the scope and sp irit 25 

of the inventions. 
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WHAT IS CLAIMED IS: 

 1.  A door system of an elevator, comprising: 

 a camera installed at an upper portion of a car, 

which is located above a doorway of the car, the ca mera 

being installed to perform an imaging operation at 5 

least in a predetermined range of a hall; and 

 a control board installed at the upper portion of 

the car, and having a movement detection function o f 

performing analysis processing on each of images 

obtained by the imaging operation of the camera to 10 

detect movement of a passenger in the hall who will  get 

into the car,  

 wherein: 

 the camera and the control board are located in 

respective positions; and  15 

 opening/closing of a door of the car is controlled  

based on a result of detection of the movement 

detection function. 

 2.  The door system of Claim 1, wherein the camera  

and the control board are installed at a modesty pa nel 20 

which covers the upper portion of the doorway of th e 

car.   

 3.  The door system of Claim 2, wherein the camera  

is installed at a center portion of the modesty pan el 

in a longitudinal direction thereof, which is locat ed 25 

on a center line of the doorway, and  

 the control board is installed in vacant space in 

the modesty panel so as not to interfere with a 

plurality devices installed originally in the modes ty 

panel, and is also located in the closest possible 30 

position with respect to the camera.   

 4.  The door system of Claim 1, wherein 

transmission of a signal between the camera and the  

control board is carried out with a cable.  

 5.  The door system of Claim 1, wherein 35 

transmission of a signal between the camera and the  

control board is wirelessly carried out. 


