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ELEVATOR SYSTEM 

FIELD 

 Embodiments described herein relate generally to 

an elevator system which detects a passenger who wi ll 

get into a car. 5 

BACKGROUND 

 Generally, when a car of an elevator arrives at a 

hall and the door is opened, the door is closed aft er a 

particular time elapses, and the car departs.  At t his 

time, since the passenger of the elevator cannot kn ow 10 

when the door starts to close, the passenger may be  hit 

by the door that is closing when he/she gets into t he 

car from the hall.  

 In order to avoid such a collision with the door 

at the time of boarding, it has been considered to 15 

detect a passenger who will get into the car by a 

sensor, and control the opening/closing operation o f 

the door.  As the sensor, generally, a photoelectro nic 

sensor is used.  That is, by installing the 

photoelectronic sensor at the upper part of the car , a 20 

passenger who will get into the car is optically 

detected.  Since the door-opened state is maintaine d 

while the passenger is being detected, it is possib le 

to prevent the passenger from being hit by the door  

that is closing, and also from being drawn into a d oor 25 

pocket of the door.  

 However, a detection range of the photoelectronic 

sensor is narrow, and thus, the passengers can be 

detected only in a focused manner.  Accordingly, th ere 

are cases where a door closing operation is started  30 

since the presence of a passenger who is at a place  

some distance away from the car cannot be detected,  or 

conversely, the door is opened since a person who h as 

just passed near the car is erroneously detected. 

SUMMARY 35 

 In general, according to one embodiment, an 

elevator system includes a camera, a passenger 
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detection module and a controller.  The camera is 

capable of imaging a particular range in a directio n 

from a vicinity of a door of a car to a hall when t he 

car arrives at the hall.  The passenger detection 

module detects presence or absence of a passenger w ho 5 

intends to get into the car by focusing on movement  of 

a movable body within a specific area by using a 

plurality of time-series continuous images which ar e 

captured by the camera.  The controller controls an  

opening/closing operation of the door based on a 10 

detection result of the passenger detection module.   A 

width of the area is being set greater than at leas t a 

width of the door. 

BRIEF DESCRIPTION OF THE DRAWINGS 

 FIG. 1 is a diagram showing the structure of an 15 

elevator system according to an embodiment. 

 FIG. 2 illustrates an example of an image captured  

by a camera according to the embodiment. 

 FIG. 3 illustrates the state in which the captured  

image is divided into blocks according to the 20 

embodiment. 

 FIG. 4 is an illustration for describing a 

detection area in real space according to the 

embodiment. 

 FIG. 5 is an illustration for describing a 25 

coordinate system in the real space according to th e 

embodiment. 

 FIG. 6 is an illustration for describing movement 

detection based on image comparison according to th e 

embodiment, and schematically shows a part of an im age 30 

captured at time t. 

 FIG. 7 is an illustration for describing movement 

detection based on image comparison according to th e 

embodiment, and schematically shows a part of an im age 

captured at time t+1. 35 

 FIG. 8 is a flowchart showing the flow of the 

entire process in the elevator system according to the 
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embodiment. 

 FIG. 9 is a flowchart showing a movement detection  

process of the elevator system according to the 

embodiment. 

 FIG. 10 is a flowchart showing a position 5 

estimation process of the elevator system according  to 

the embodiment.  

 FIG. 11 is a flowchart showing an intention 

estimation process of the elevator system according  to 

the embodiment. 10 

 FIG. 12 is a graph showing a state of change of a 

position of a foot of a person who intends to get i nto 

the car according to the embodiment. 

 FIG. 13 is a graph showing a state of change of a 

position of a foot of a person who does not intend to 15 

get into the car according to the embodiment. 

 FIG. 14 is an illustration for describing movement  

detection based on region division of a captured im age 

according to another embodiment. 

 FIG. 15 is an illustration for describing a method  20 

which can be adopted when a camera is installed in an 

inclined position according to another embodiment. 

 FIG. 16 is an illustration for describing a method  

which can be adopted when a camera is installed in an 

inclined position according to yet another embodime nt. 25 

 FIG. 17 is a flowchart showing a process operation  

at the time the car door is closing by an elevator 

system according to another embodiment. 

DETAILED DESCRIPTION 

 Embodiments will be described hereinafter with 30 

reference to the accompanying drawings. 

 FIG. 1 is a diagram showing the structure of an 

elevator system according to an embodiment.  Note t hat 

although explanation will be given below by taking one 

car as an example, the structure is the same with a  35 

plurality of cars.  

 In the upper part of a doorway of a car 11, a 
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camera 12 is installed.  More specifically, the cam era 

12 is installed within a modesty panel 11a which co vers 

the upper part of the doorway of the car 11 such th at a 

lens portion of the camera 12 faces a hall 15.  The  

camera 12 is a small monitoring camera such as an i n-5 

vehicle camera, has a wide-angle lens, and is capab le 

of continuously capturing images at the rate of sev eral 

frames per second (for example, 30 frames/sec).  Wh en 

the car 11 arrives at each floor and the door is 

opened, the state of the hall 15 including the stat e 10 

around a car door 13 inside the car 11 is captured.   

 A capturing range at this time is adjusted to be 

L1+L2 (L1>L2).  L1 corresponds to a capturing range  on 

the hall side, and is 3 m long, for example, from t he 

car door 13 to the hall 15.  L2 corresponds to a 15 

capturing range on the car side, and is 50 cm long,  for 

example, from the car door 13 to the rear of the ca r.  

Note that L1 and L2 are ranges in a depth direction , 

and it is assumed that a range in a width direction  

(that is, a direction orthogonal to the depth 20 

direction) is greater than at least the width of th e 

car 11.  

 Further, in the hall 15 of each floor, a hall door  

14 is arranged to be openable and closable at an 

arrival place of the car 11.  The hall door 14 open s 25 

and closes as it engages with the car door 13 when the 

car 11 arrives.  A power source (a door motor) is i n 

the car side, and the hall door 14 only opens and 

closes in accordance with the car door 13.  In the 

following descriptions, it is assumed that when the  car 30 

door 13 is opened, the hall door 14 is also opened,  and 

when the car door 13 is closed, the hall door 14 is  

also closed.  

 Each item of image (video) captured by the camera 

12 is processed to be analyzed in real time by an i mage 35 

processor 20.  Note that although the image process or 

20 is depicted in such a way that it is taken out f rom 
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the car 11 in FIG. 1 for the sake of convenience, i n 

reality, the image processor 20 is accommodated wit hin 

the modesty panel 11a together with the camera 12.  

 Here, the image processor 20 is provided with a 

storage 21 and a passenger detection module 22.  5 

Further, the passenger detection module 22 may be 

realized by software, hardware such as an integrate d 

circuit (IC), or a combination of the software and the 

hardware.  Realizing the passenger detection module  22 

by software means causing a processor such as a 10 

computer processing unit (CPU), not shown, to execu te a 

program stored in a memory which is not shown.  The  

storage 21 includes a buffer area for sequentially 

saving the images captured by the camera 12, and al so 

temporarily storing data necessary for a process by  the 15 

passenger detection module 22.  The passenger detec tion 

module 22 detects the presence or absence of a 

passenger who intends to get into the car by focusi ng 

on the movement of a person/object closest to the c ar 

door 13 among a plurality of time-series continuous  20 

images which are captured by the camera 12.  When t he 

passenger detection module 22 is categorized 

functionally, the passenger detection module 22 is 

composed of a movement detection module 22a, a posi tion 

estimation module 22b, and an intention estimation 25 

module 22c.  

 The movement detection module 22a detects a 

movement of a person/object by comparing the bright ness 

of the respective images in units of one block.  Th e 

“movement of a person/object” in this specification  30 

refers to a movement of a movable body such as a pe rson 

or a wheelchair in the hall 15.  

 The position estimation module 22b extracts a 

block closest to the car door 13 from among blocks 

representing movement which have been detected for each 35 

of the images by the movement detection module 22a.   

And, the position estimation module 22b estimates a  
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coordinate position (a Y-coordinate shown in FIG. 5 ) in 

the direction of the hall obtained from the center of 

the car door 13 (i.e., the center of the door width ) in 

the extracted block as the position (position of th e 

foot) of the passenger.  5 

 The intention estimation module 22c estimates 

whether the passenger intends to get into the car b ased 

on a time-series change in the position estimated b y 

the position estimation module 22b.  

 Note that these functions (the movement detection 10 

module 22a, the position estimation module 22b, and  the 

intention estimation module 22c) may be provided in  the 

camera 12, or provided in a car controller 30.  

 The car controller 30 is connected to an elevator 

control device not shown, and receives and transmit s 15 

various signals such as a hall call and a car call from 

and to the elevator control device.  Note that the 

“hall call” corresponds to a signal indicating a ca ll 

to be registered by operating a hall call button, n ot 

illustrated, provided in the hall 15 of each floor,  and 20 

includes information on the registered floor and a 

destination direction.  The “car call” corresponds to a 

signal indicating a call to be registered by operat ing 

a destination call button, not illustrated, provide d 

inside the car 11, and includes information on a 25 

destination floor.  

 Also, the car controller 30 comprises a door 

opening and closing controller 31.  The door openin g 

and closing controller 31 controls opening and clos ing 

of the car door 13 when the car 11 arrives at the h all 30 

15.  More specifically, the door opening and closin g 

controller 31 opens the car door 13 when the car 11  

arrives at the hall 15, and closes the door after a  

particular time elapses.  However, if the passenger  

detection module 22 of the image processor 20 detec ts a 35 

passenger who intends to get into the car while the  car 

door 13 is being opened, the door opening and closi ng 
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controller 31 prohibits the door closing operation of 

the car door 13 and maintains the door-opened state .  

 Next, a method of estimating an intention 

according to the present embodiment will be describ ed 

referring to FIGS. 2 to 7.  5 

 FIG. 2 illustrates an example of an image captured  

by the camera 12.  E1 in the drawing represents a 

position estimation area, and yn represents the Y-

coordinate of the detected position of the passenge r’s 

foot.  FIG. 3 shows the state in which the captured  10 

image is divided into blocks.  Note that a “block” is 

defined as a piece having a length of Wblock on one  

side obtained by dividing the original image like a  

lattice.  

 The camera 12 is installed at the upper part of 15 

the doorway of the car 11.  Accordingly, when the c ar 

11 opens its door at the hall 15, a particular rang e 

(L1) on the hall side and a particular range (L2) 

inside the car are captured.  Therefore, when the 

camera 12 is used, a detection range is increased, and 20 

a passenger who is at a place some distance away fr om 

the car 11 can also be detected.  However, on the o ther 

hand, a person who has just passed by the hall 15 ( a 

person who does not get into the car 11) may be 

erroneously detected, and the car door 13 may be 25 

opened.  

 Hence, the present system is configured such that 

an image captured by the camera 12 is divided into 

blocks of a certain size, as shown in FIG. 3, a blo ck 

representing movement of a person/object is detecte d, 30 

and whether or not the movable body is a passenger who 

intends to get into the car is estimated by followi ng 

the blocks representing movement.  

 Further, in the example of FIG. 3, although the 

lengthwise and crosswise dimensions of one block ar e 35 

the same, the lengthwise dimension and the crosswis e 

dimension may be different.  Further, the blocks ma y be 
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made to have even sizes throughout the entire regio n of 

the image, or may be made to have uneven sizes by 

gradually reducing the lengthwise (Y-direction) 

dimension toward the upper part of the image, for 

example.  In this way, the position of the foot whi ch 5 

is to be estimated later can be obtained at a highe r 

resolution, or at an even resolution in real space.   

(That is, when the image is divided evenly, in real  

space, the farther the block is from the car door 1 3, 

the lower the resolution becomes).  10 

 FIG. 4 is an illustration for describing a 

detection area in the real space.  FIG. 5 is an 

illustration for describing a coordinate system in the 

real space.  

 In order to detect a movement of a passenger who 15 

intends to get into a car from the captured image, 

first, a movement detection area is to be set for e ach 

block.  More specifically, as shown in FIG. 4, at l east 

the position estimation area E1 and an intention 

estimation area E2 are set.  The position estimatio n 20 

area E1 is an area for estimating the position of a  

part of the passenger's body, more specifically, th e 

position of the foot of the passenger, proceeding 

toward the car door 13 from the hall 15.  The inten tion 

estimation area E2 is an area for estimating whethe r 25 

the passenger detected in the position estimation a rea 

E1 intends to get into the car.  Note that the 

intention estimation area E2 is included in the 

position estimation area E1, and is also an area fo r 

estimating the position of the passenger’s foot.  T hat 30 

is, in the intention estimation area E2, not only i s 

the passenger’s intention of getting into the car 

estimated, but the position of the passenger’s foot  is 

also estimated.  

 In the real space, the position estimation area E1  35 

has a length of L3 from the center of the car door 13 

in the direction of the hall, and the length is set  to, 
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for example, 2 m (L3 ≤ capturing range L1 on the hall 

side).  Width W1 of the position estimation area E1  is 

set to a size greater than or equal to width W0 of the 

car door 13.  The intention estimation area E2 has a 

length of L4 from the center of the car door 13 in the 5 

direction of the hall, and the length is set to, fo r 

example, 1 m (L4 ≤ L3).  Width W2 of the intention 

estimation area E2 is set to substantially the same  

size as width W0 of the car door 13.  

 Note that width W2 of the intention estimation 10 

area E2 may be greater than width W0.  Also, the 

intention estimation area E2 may not be a rectangul ar 

area in the real space, but may be a trapezoidal ar ea 

excluding a blind spot of a jamb.  

 Here, as shown in FIG. 5, the camera 12 captures 15 

an image in which a direction horizontal to the car  

door 13 provided at the doorway of the car 11 is 

assumed as the X-axis, a direction from the center of 

the car door 13 to the hall 15 (i.e., the direction  

perpendicular to the car door 13) is assumed as the  Y-20 

axis, and a direction of the height of the car 11 i s 

assumed as the Z-axis.  In each of the images captu red 

by the camera 12, by comparing a portion of the 

position estimation area E1 with a portion of the 

intention estimation area E2 shown in FIG. 4 in uni ts 25 

of one block, a movement of the position of the foo t of 

the passenger who is traveling in the direction fro m 

the center of the car door 13 to the hall 15, and v ice 

versa, that is, the direction along the Y-axis, is 

detected.  30 

 FIGS. 6 and 7 show this state. 

 FIGS. 6 and 7 are illustrations for explaining 

movement detection based on image comparison.  FIG.  6 

schematically shows a part of an image captured at time 

t, and FIG. 7 schematically shows a part of an imag e 35 

captured at time t+1.  

 P1 and P2 in the figures are the passenger’s image  
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portions detected as representing movement in the 

captured image, and are assembly of blocks detected  as 

representing movement by the image comparison in fa ct.  

Block Bx representing movement which is the closest  to 

the car door 13 in image portions P1 and P2 is 5 

extracted, and the presence or absence of the 

passenger’s intention of getting into the car is 

estimated by following the Y-coordinate of that blo ck 

Bx.  In this case, by drawing equidistant lines 

(horizontal lines at even intervals parallel to the  10 

bottom of the car door 13) as shown by dotted lines  in 

the direction along the Y-axis, a distance between 

block Bx and the car door 13 in the direction along  the 

Y-axis can be obtained.  

 In the examples shown in FIGS. 6 and 7, a detected  15 

position of block Bx representing movement which is  the 

closest to the car door 13 is changed from yn to yn -1, 

and it can be determined that the passenger is 

approaching the car door 13.  

 Next, the operation of the present system will be 20 

described in detail.  

 FIG. 8 is a flowchart showing the flow of the 

entire process in the present system.  

 When the car 11 arrives at the hall 15 of an 

arbitrary floor (Yes in step S11), the car controll er 25 

30 opens the car door 13, and waits for the passeng er 

who will get into the car 11 (step S12).  

 At this time, by the camera 12 provided at the 

upper part of the doorway of the car 11, the partic ular 

range (L1) on the hall side and the particular rang e 30 

(L2) inside the car are captured at a particular fr ame 

rate (for example, 30 frames/sec).  The image proce ssor 

20 acquires images captured by the camera 12 on a t ime-

series basis, and by sequentially saving these imag es 

in the storage 21 (step S13), a passenger detection  35 

process as described below is executed in real time  

(step S14).  
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 The passenger detection process is executed by the  

passenger detection module 22 provided in the image  

processor 20.  The passenger detection process is 

categorized into a movement detection process (step  

S14a), a position estimation process (step S14b), a nd 5 

an intention estimation process (step S14c).  

 (a) Movement Detection Process 

 FIG. 9 is a flowchart showing the movement 

detection process in step S14a described above.  Th e 

movement detection process is executed in the movem ent 10 

detection module 22a, which is one of the constitue nt 

elements of the passenger detection module 22.  

 The movement detection module 22a reads the images  

stored in the storage 21 one by one, and calculates  an 

average brightness value for each block (step A11).   At 15 

this time, it is assumed that the movement detectio n 

module 22a stores the average brightness values of the 

respective blocks calculated when the first image i s 

input as the initial values in a first buffer area not 

shown in the storage 21 (step A12).  20 

 When a second image and the following images are 

obtained, the movement detection module 22a compare s 

the average brightness value of each block of a cur rent 

image with the average brightness value of each blo ck 

of a previous image stored in the first buffer area  25 

(step A13).  As a result, when a block having a 

brightness difference which is greater than or equa l to 

a particular value in the current image exists, the  

movement detection module 22a detects this block as  a 

block representing movement (step A14).  30 

 When the presence or absence of movement is 

detected from a comparison with the current image, the 

movement detection module 22a stores the average 

brightness value for each block of this image in th e 

first buffer area for comparison with the next imag e 35 

(step A15).  

 After this, similarly, the movement detection 
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module 22a repeats detection of whether a person/ob ject 

has moved by comparing the brightness values of the  

respective images captured by the camera 12 on a ti me-

series basis in units of one block.  

 (b) Position estimation process 5 

 FIG. 10 is a flowchart showing the position 

estimation process of step S14b described above.  T he 

position estimation process is executed in the posi tion 

estimation module 22b, which is one of the constitu ent 

elements of the passenger detection module 22.  10 

 The position estimation module 22b checks a block 

representing movement in the current image based on  a 

detection result of the movement detection module 2 2a 

(step B11).  As a result, when blocks representing 

movement exist in the position estimation area E1 s hown 15 

in FIG. 4, the passenger detection module 22 extrac ts a 

block closest to the car door 13 of the blocks 

representing movement (step B12).  

 Here, as shown in FIG. 1, the camera 12 is 

installed at the upper part of the doorway of the c ar 20 

11 such that the camera 12 faces the hall 15.  

Accordingly, when the passenger is proceeding towar d 

the car door 13 from the hall 15, it is highly poss ible 

that a portion of the passenger’s right or left foo t 

will be shown at the front side, in other words, th e 25 

side close to the car door 13 of the captured image .  

Hence, the position estimation module 22b estimates  the 

Y-coordinate (the coordinate in the direction of th e 

hall 15 calculated from the center of the car door 13) 

of the block representing movement which is the clo sest 30 

to the car door 13 as data on the position of the 

passenger’s foot, and stores the data in a second 

buffer area not shown in the storage 21 (step B13).   

 After this, similarly, the position estimation 

module 22b estimates the Y-coordinate of the block 35 

representing movement which is the closest to the c ar 

door 13 for each image as data on the position of t he 
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passenger’s foot, and stores the data in the second  

buffer area not shown in the storage 21.  Note that  

such a process of estimating the position of a foot  is 

similarly carried out not only in the position 

estimation area E1, but also in the intention 5 

estimation area E2.  

 (c) Intention estimation process 

 FIG. 11 is a flowchart showing the intention 

estimation process of step S14c described above.  T he 

intention estimation process is executed in the 10 

intention estimation module 22c, which is one of th e 

constituent elements of the passenger detection mod ule 

22.  

 The intention estimation module 22c smoothes the 

data on the position of the passenger’s foot of eac h of 15 

the images stored in the second buffer area (step C 11).  

Note that as a method of smoothing, a method which is 

generally known such as an average value filter or a 

Kalman filter is to be used, and the details of the  

adopted method will not be described here.  20 

 When the data on the position of the foot is 

smoothed, if there exists data whose variation in t he 

position of the foot is greater than or equal to a 

particular value (Yes in step C12), the intention 

estimation module 22c excludes such data as an outl ier 25 

(step C13).  Note that the particular value is 

determined by the passenger’s normal walking speed,  and 

a frame rate of the captured image.  Also, an outli er 

may be found and excluded before smoothing the data  on 

the position of the foot.  30 

 FIG. 12 shows the state of change of the position 

of the foot.  The horizontal axis represents time, and 

the vertical axis represents position (the Y-coordi nate 

value).  In the case where the passenger is walking  

toward the car door 13 from the hall 15, as time 35 

elapses, the Y-coordinate value of the position of the 

passenger’s foot is gradually decreased.  
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 Note that a change in data is expressed as a line 

as shown by a dotted line if the movable body is a 

wheelchair, for example.  However, if the movable b ody 

is a passenger, since right and left feet are 

alternately detected, a change in data is expressed  as 5 

a curve as shown by a solid line.  Also, if some ki nd 

of noise intrudes into a detection result, an 

instantaneous variation in the position of the foot  

becomes large.  Data on the position of the foot wi th 

such a large variation is excluded as an outlier.  10 

 Hence, the intention estimation module 22c checks 

the movement of the foot position (data change) in the 

intention estimation area E2 shown in FIG. 2 (step 

C14).  As a result of checking, when movement of th e 

position of the foot (data change) of the passenger  who 15 

is proceeding toward the car door 13 in the directi on 

along the Y-axis within the intention estimation ar ea 

E2 is acknowledged (Yes in step C15), the intention  

estimation module 22c estimates that the passenger 

intends to get into the car (step C16).  20 

 Meanwhile, when movement of the position of the 

foot of the passenger who is proceeding toward the car 

door 13 in the direction along the Y-axis within th e 

intention estimation area E2 could not be acknowled ged 

(No in step C15), the intention estimation module 2 2c 25 

estimates that the passenger does not intend to get  

into the car (step C17).  For example, when a perso n 

walks across the hall on the front side of the car 11 

in the direction along the X-axis, foot positions w hich 

do not temporally change in the direction along the  Y-30 

axis within the intention estimation area E2 are 

detected, as shown in FIG. 13.  In such a case, the  

movement is estimated as the one of a person having  no 

intention of getting into the car.  

 As can be seen, a block representing movement 35 

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

the position of the passenger’s foot, and by tracki ng a 
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temporal change in the direction along the Y-axis o f 

the position of the foot, whether or not the passen ger 

intends to get into the car is estimated.  

 Returning to FIG. 8, when a passenger who intends 

to get into the car is detected (Yes in step S15), a 5 

passenger detection signal is transmitted from the 

image processor 20 to the car controller 30.  As th e 

car controller 30 receives the passenger detection 

signal, the car controller 30 prohibits the door 

closing operation of the car door 13 and maintains the 10 

door-opened state (step S16).  

 More specifically, when the car door 13 is in a 

full door-opened state, the car controller 30 start s 

counting of an door-opened time, and when a particu lar 

time T (for example, one minute) has been counted, the 15 

door is closed.  During this time, when a passenger  who 

intends to get into the car is detected, and the 

passenger detection signal is sent, the car control ler 

30 stops the counting and clears the count value.  In 

this way, during the above time T, the door-opened 20 

state of the car door 13 is maintained.  

 Note that when a new passenger who intends to get 

into the car is detected during this time, the coun t 

value is cleared again, and for the time T, the doo r-

opened state of the car door 13 is maintained.  25 

However, if passengers arrive many times during the  

time T, a situation that the car door 13 cannot be 

closed continues endlessly.  For this reason, 

preferably, an allowance time Tx (for example, 

3 minutes) should be set, and when the allowance ti me 30 

Tx has elapsed, the car door 13 should be closed 

mandatorily.  

 When the counting of the above time T has finished  

(step S17), the car controller 30 closes the car do or 

13, and allows the car 11 to depart for the destina tion 35 

floor (step S18).  

 As can be seen, according to the present 
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embodiment, by analyzing an image of the hall 15 

captured by the camera 12 installed at the upper pa rt 

of the doorway of the car 11, it is possible to det ect 

a passenger who is proceeding toward the car door 1 3 

from a place some distance away from the car 11, fo r 5 

example, and reflect this information in the door 

opening/closing operation.  

 In particular, the position of the passenger’s 

foot is closely observed in the captured image, and  a 

temporal change of the position of the foot in the 10 

direction from the car door 13 to the hall 15, and vice 

versa (i.e., the direction along the Y-axis) is 

followed.  In this way, it is possible to prevent a  

person who has just passed near the car from being 

erroneously detected, and to correctly detect only the 15 

passengers who wish to get into the car and have th e 

detected information reflected in the door 

opening/closing operation.  In this case, since the  

door-opened state is maintained while a passenger w ho 

intends to get into the car is being detected, a 20 

situation that the passenger is hit by the door as the 

door closing operation is started when he/she steps  

into the car 11 can be avoided.  

 (Other Embodiments) 

 The above embodiment has been described by 25 

focusing on only the passenger who gets into the ca r 

11, but there are cases where the passenger gets of f 

the car 11 when the car 11 arrives at the hall 15 a nd 

the door is opened.  When the passenger gets off th e 

car 11, since the position of the foot of this 30 

passenger in the direction from the car door 13 to the 

hall 15 (the direction along the Y-axis) is detecte d, 

the passenger may be erroneously detected as a pers on 

who intends to get into the car 11.  

 Generally, when there are a passenger who gets off  35 

the car 11 and a passenger who gets into the car 11 , it 

is often the case that these passengers keep a dist ance 
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from each other on the right and left of the car do or 

13 and get on or off the car.  Hence, as shown in 

FIG. 14, regions E3 and E4 which are the divided 

regions on the right and left in the direction alon g 

the Y-axis with reference to the center of the car door 5 

13 are set.  Further, in detecting a block represen ting 

movement in a captured image by the passenger detec tion 

module 22 shown in FIG. 1, a detection operation is  to 

be performed by focusing on a region which shows 

movement of a person/object proceeding toward the c ar 10 

door 13.  

 Referring to the example of FIG. 14, an image 

portion of the passenger who gets into the car 11 i n 

region E3 of the captured image, and an image porti on 

of the passenger who gets off the car 11 in region E4 15 

of the same are detected as those showing movement.   In 

such a case, although a block closest to the car do or 

13 is block B4 included in image portion P4, a bloc k 

representing movement toward the car door 13 is blo ck 

B3 included in image portion P3.  Accordingly, bloc k B4 20 

is disregarded, and by following the position of bl ock 

B3 by focusing on region E3, a passenger who intend s to 

get into the car is detected.  

 Further, in the example of FIG. 14, while the 

captured image is divided into two regions on the r ight 25 

and left, the captured image may be divided into 

regions of more than two.  That is, by focusing on a 

region showing movement of a person/object proceedi ng 

toward the car door 13 among these regions, a passe nger 

who intends to get into the car may be detected.  30 

 As can be seen, by focusing on a region showing 

movement of a person/object proceeding toward the c ar 

door 13, it is possible to correctly detect a passe nger 

who will get into the car 11 without erroneously 

detecting a passenger who is getting off the car 11 , 35 

and reflect this in the door opening/closing operat ion.  

 Note that when the camera 12 is to be installed in  
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the car 11, depending on the state of the place whe re 

the camera is to be installed, the camera may have to 

be installed in an inclined position.  In such a ca se, 

a coordinate system in the real space shown in FIG.  5 

may be deviated from a coordinate system in the 5 

captured image, and the passenger’s movement cannot  be 

correctly detected.  

 Hence, when the camera 12 is installed in an 

inclined position, as shown in FIG. 15, it is assum ed 

that movement detection is carried out after an 10 

inclination of each image is corrected with referen ce 

to the Y-axis in the real space in accordance with the 

installation angle (tilt angle) α of the camera 12.  

Further, alternatively, as shown in FIG. 16, moveme nt 

detection may be carried out after correcting an 15 

inclination of the Y-axis in each of the image in 

accordance with the installation angle (tilt angle)  α 

of the camera 12.  

 Furthermore, although the above embodiment has 

been described assuming a state where the car door 13 20 

of the car 11 is opened in the hall 15, also when t he 

car door 13 is closing, whether there is a passenge r 

who intends to get into the car is detected by usin g 

the images captured by the camera 12.  When a passe nger 

who intends to get into the car is detected, the do or 25 

closing operation of the car door 13 is interrupted  by 

the door opening and closing controller 31 of the c ar 

controller 30, and the door opening operation is 

executed again.  

 In the following, a process operation at the time 30 

the door is closing will be described referring to a 

flowchart of FIG. 17.  

 When a particular time elapses from the state that  

the car door 13 of the car 11 is fully open, a door  

closing operation is started by the door opening an d 35 

closing controller 31 (step S21).  At this time, an  

image capturing operation of the camera 12 is 
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continuously performed.  The image processor 20 

acquires images captured by the camera 12 on a time -

series basis, and by sequentially saving these imag es 

in the storage 21 (step S22), a passenger detection  

process is executed in real time (step S23).  5 

 The passenger detection process is executed by the  

passenger detection module 22 provided in the image  

processor 20.  The passenger detection process is 

categorized into a movement detection process (step  

S23a), a position estimation process (step S23b), a nd 10 

an intention estimation process (step S23c).  Since  

these processes are similar to those in steps S14a,  

S14b, and S14c of FIG. 8, detailed descriptions of them 

are omitted.  

 When a passenger who intends to get into the car 15 

is detected (Yes in step S24), a passenger detectio n 

signal is transmitted from the image processor 20 t o 

the car controller 30.  When the car controller 30 

receives the passenger detection signal while the d oor 

is being closed, the car controller 30 interrupts t he 20 

door closing operation of the car door 13 and perfo rms 

the door opening operation again (i.e., reopening o f 

the door) (step S25).  

 After this, returning to step S12 in FIG. 8, 

processes similar to those described above are 25 

repeated.  However, if passengers who intend to get  

into the car are continuously detected while the do or 

is being closed, the reopening is repeated, and a 

departure of the car 11 is delayed.  Accordingly, e ven 

if a passenger who intends to get into the car is 30 

detected, if the above allowance time Tx (for examp le, 

three minutes) has passed, preferably, the door sho uld 

be closed without being reopened.  

 As described above, whether or not there is a 

passenger who intends to get into the car is detect ed 35 

even when the door is closing, and the detection re sult 

can be reflected in the door opening/closing operat ion.  
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Accordingly, a situation, which is that the passeng er 

is hit by the door when he/she steps into the car 1 1 

whose door is closing, can be avoided.  

 According to at least one of the embodiments 

described above, it is possible to provide an eleva tor 5 

system capable of correctly detecting a passenger w ho 

intends to get into the car in a wide rage, and 

reflecting the detected information in the 

opening/closing control of the door.  

 While certain embodiments have been described, 10 

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 15 

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 20 

of the inventions. 
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WHAT IS CLAIMED IS: 

 1.  An elevator system comprising: 

 a camera capable of imaging a particular range in 

a direction from a vicinity of a door of a car to a  

hall when the car arrives at the hall; 5 

 a passenger detection module which detects 

presence or absence of a passenger who intends to g et 

into the car by focusing on movement of a movable b ody 

within a specific area by using a plurality of time -

series continuous images which are captured by the 10 

camera; and 

 a controller which controls an opening/closing 

operation of the door based on a detection result o f 

the passenger detection module, 

 a width of the area being set greater than at 15 

least a width of the door.  

 2.  The elevator system of Claim 1, wherein the 

passenger detection module comprises: 

 a movement detection module which detects movement  

of the movable body by comparing brightness of each  of 20 

the images in units of one block; 

 a position estimation module which extracts a 

block representing movement detected for each of th e 

images by the movement detection module, and estima tes 

a coordinate position in a direction of the hall 25 

obtained from a center of the door as the passenger ’s 

position; and 

 an intention estimation module which estimates 

whether the passenger intends to get into the car b ased 

on a time-series change of positions estimated by t he 30 

position estimation module. 

 3.  The elevator system of Claim 2, wherein: 

 the position estimation module estimates the 

coordinate position in the direction of the hall 

obtained from the center of the door in the block 35 

representing movement as a position of the passenge r’s 

foot; and 



-  22  - 

 the intention estimation module estimates that the  

passenger intends to get into the car when a state in 

which the position of the passenger’s foot approach es 

the door in the area is detected. 

 4.  The elevator system of Claim 2, wherein the 5 

intention estimation module excludes a position hav ing 

a change greater than or equal to a specific value in 

the time-series change of the positions estimated b y 

the position estimation module as an outlier. 

 5.  The elevator system of Claim 1, wherein the 10 

passenger detection module divides each of the imag es 

into a plurality of regions with reference to a cen ter 

of the door, and by focusing on a region showing 

movement of the movable body proceeding to the door  in 

these regions, presence or absence of a passenger w ho 15 

intends to get into the car is detected. 

 6.  The elevator system of Claim 5, wherein the 

passenger detection module divides each of the imag es 

into two regions on right and left with reference t o 

the center of the door. 20 

 7.  The elevator system of Claim 1, wherein: 

 the camera is installed at an upper part of a 

doorway of the car; and 

 an image in which a direction horizontal to the 

door is assumed as an X-axis, a direction from a ce nter 25 

of the door to the hall is assumed as an Y-axis, an d a 

direction of a height of the car is assumed as a Z- axis 

is captured. 

 8.  The elevator system of Claim 7, wherein the 

passenger detection module detects presence or abse nce 30 

of a passenger who intends to get into the car by 

focusing on movement of the movable body proceeding  

toward the door in a state in which an inclination of 

each of the images is corrected with reference to t he 

Y-axis in accordance with an installation angle of the 35 

camera. 

 9.  The elevator system of Claim 7, wherein the 
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passenger detection module detects presence or abse nce 

of a passenger who intends to get into the car by 

focusing on movement of the movable body proceeding  

toward the door in a state in which an inclination of 

the Y-axis in each of the images is corrected in 5 

accordance with an installation angle of the camera . 

 10.  An elevator system comprising: 

 a camera capable of imaging a particular range in 

a direction from a vicinity of a door of a car to a  

hall when the car arrives at the hall; 10 

 a passenger detection module which detects 

presence or absence of a passenger who intends to g et 

into the car by using a plurality of time-series 

continuous images which are captured by the camera,  

comparing brightness of each of the images in units  of 15 

one block in a particular area to detect a block 

representing movement, and estimating a coordinate 

position in the block representing movement as a 

position of the passenger’s foot; and 

 a controller which controls an opening/closing 20 

operation of the door based on a detection result o f 

the passenger detection module. 


