W5025 - 1 - SAFETY ELEVATOR BACKGROUND OF THE | NVENTI ON
The present invention relates to an el evator with a safety device W6025
nmount ed on el evator doors that constitute an entrance and nore
specifically to an el evator that preventls- passengers, their
bel ongi ngs or cordli ke objects etc. fromgetting caught between the
doors. 5 Conventionally, the elevator doors that constitute an
entrance are provided with a she | re sensor for detecting
passengers or their bel ongi ngs b§$hg&géﬁgﬁﬁiﬁgp%een t he doors and
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To deal with thi.s rigk, .it, has . been known t.o check for any. object
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To deal with this risk, it has been known to check for any object standing or

moving in the door opening/closing space by using a monitoring camera. It has also been
known that, to reduce the required number of cameras and image processing devices, a camera
unit is mounted on a top part of the entrance of the car and made to change the imaging area

25 according to the opening/closing state of the elevator doors, for example, from an area inside the
car to the door opening/closing path to a landing (JP-A-2008-120548).

Further, to prevent the doors from being detected as obstacles in the image
processing and to ensure that only obstacles can be detected, JP-A-2006-89190 for example
describes a method that involves attaching a marking for obstacle detection to the upper surface

30 of a doorsill of the elevator doors, imaging the entrance including the marking and detecting the

presence of an obstacle based on the marking.



- 2 - SUWARY OF THE | NVENTI ON , The conventional techni que
descri bed above sinply changes the imaging area and provides a W6025
mar ki ng. This approach is not enough to effectively detect a cordlike
obst acl e under what ever surroundi ng enwiZonnent and take necessary
actions or make an appropriate 5 announcenent to alert passengers in
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opened nidintha8€dnd inspection. Wth this invention, since the
detection area is changed in accordance wth the el evator doors are.
opened or cl osed TopebgEnterbovareiessiver isdnvension previdase sebtviplekator having a
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becausdoofs, the sty ¢letht@rooapsisingga dost @ntreliirae dontriivheyopealose @pemtion of the
combine to facilitate .the maintenance %nd i nspectign of the el evator.
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view of the eleVator entrance in the enbodiment. Fig. 3 1s a flow
chart shahanggl ia aseqdamveavitf the elevator d¢dre arenppenethorddesedt i on) in the
With this invention, since the detection area is changed in accordance with the
elevator doors are opened or closed, passengers’ behaviors or motions and cordlike objects can
20 be effectively detected, securing passenger safety. Further, an improved detection sensitivity, a

reduced processing time because of simplified processing and a reduced memory requirement

combine to facilitate the maintenance and inspection of the elevator.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a front view and a block diagram showing one embodiment of this
25 invention.
Fig. 2 is a top view of the elevator entrance in the embodiment.
Fig. 3 is a flow chart showing a sequence of control (for motion detection) in the
embodiment.
Fig. 4 is a top view showing the detection area (for motion detection) in the
30 embodiment.
Fig. 5 is a block diagram showing another embodiment of this invention (for
cordlike object detection).

Fig. 6 is a flow chart showing a sequence of control (for cordlike object detection)



enbodi ment. 30 enbodinent. Fig. 4 is a top view showi ng the detection
area (for notion detection) in the Fig. 5is a block W6025
di agram showi ng anot her enbodi nent of this invention (for cordlike

obj ect detection). Fig. 6 is a flow chard- showi ng a sequence of

control (for cordlike object detection) WO025 - 3 - in the second

enbodi rethe second embodimentFig. 7 is a top view showi ng the detection

area (for cordli j_ect det
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I nvent ithdisdehbad efabéditnentdy and cordl i ke obj ect detection). DESCRI PTI ON

OF THE EMBODI MENTS Now, one enbodi ment of this invention
will be descri bedig B igabiack diggrampbowingstill gnpther ermbaskimaniyalitejs invention (for

dr awg ngl§ tidn! dc%rdl%e%b RO, %&Iggj(vsand a bl ock diagram of an entire

safety e evat or tate of the elevator as seen from
I nside an el evator car or cage toward a landing outside. Fig. 2 is a

pl an vi | ' ey] i lled in a top franme situated high
i nsi deqmﬁqgﬁﬁﬁﬁgmwﬁlﬁe entrance of the elevator car 1
there is a pair Qfow@he RBbFinkent 6F thfs'l%nt gﬂ%&h?&tdeéc?@%ﬁldé#ﬁl B’Pf'e?&ging to

or closed. At a landing, there is provid I ng doors that ‘open o
cl ose d4he accompanying drawings.

Fig. 1 is a front view and a block diagram of an entire safety elevator, showing the
10 state of the elevator as seen from inside an elevator car or cage toward a landing outside. Fig. 2
is a plan view of an imaging device installed in a top frame situated high inside the car at an
entrance.

At the entrance of the elevator car 1 there is a pair of car doors 2 for right and left
that slide opened or closed. At a landing, there is provided landing doors that open or close a

15 landing entrance. When the car reaches a destination floor, the car doors 2 are connected with
the landing doors so that the landing doors are opened or closed in an interlocked relationship
with the open/close operation of the car doors 2. The operation of the car doors 2 and the
landing doors are controlled by a door controller 3.

The door controller 3 and a voice announcement device 4 are installed at the top

20 ofthecar 1. The car entrance and the landmg entrance of the car 1 are together referred to as

—z_m elevator entrance, and the car doors 2 and the landlng doors as elevator doors. The imaging
device 5 is installed inside a top frame 7 at the elevator entrance and images a direction of
landing from around a doorsill across the car and the landing in the elevator entrance. The
imaging device 5 uses a CMOS sensor capable of producing a highly defined image with about

25 1.2 million pixels.

Image signals optoelectronically converted by the image sensor of the imaging
device 5 are outpuited as video signals to an image processing unit 6 after an analog/digital
conversion, a gain adjustment or signal processing of a horizontal synchronization signal and a
vertical synchronization signal etc. is executed for each unit image area which configures the

80 image signals.

An operator connects a personal computer (or PC) 8 to the image processing unit

6 and, while watching the video imaged by the imaging device 5 and displayed on a monitor of

the PC 8, performs setting an area to be detected, the number of detection blocks into which the



15 I andi ng entrance. Wen the car reaches a destination floor, the

car doors 2 are connected with the |anding doors so that the |andi ngW6025
doors are opened or closed in an interlocked relationship with the
open/ cl ose operation of the car doors 2.4-The operation of the car

doors 2 and the | anding doors are controlled by a door controller 3.
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face caed autpuisdhe proeesserbyiden,sigpad to the motion detection unit 17.
The motion detection unit 17 adopts a motion detection based on a background

25 difference method and has a frame memory 18 to store background images of the video signals
in the detection area. When comparison between a brightness value of a detected pixel in one
of the detection blocks making up the background image stored in the frame memory 18 and a
brightness value of the detected pixel of the input video signal has found a change greater than a
predetermined value, it is decided that a motion has occurred. Then the motions for the

30 detection blocks are summed up to determine a direction of the motions.

The information on motion detected by the motion detection unit 17 is sent to the

door controller 3, which then controls the open/close operation of the elevator doors. The
motion detection unit 17 continues to track changes in motion as the doors are operated.

The interlocked operation of the image processing unit 6 and the door controller 3



15 external input unit 12, and further updates the information on the
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25 Further, the image processing unit 6 checks for any motion approaching the
detection area B.  If it is decided that there is a motion approaching the car, the unit proceeds to
step 6. If no motion approaching the car is found in the detection area B, the unit proceeds to
step 5.

In step 5 the door controller 3 checks for a door signal representing that the

30 elevator doors are closed. If the door closed signal is found, the door controller 3 moves to step
8; and if not, it returns to step 4.

In step 6 the door controller 3 reverses the action of the elevator doors to open
them, before proceeding to step 7.

In step 7 the image processing unit 6 adds the detection blocks (i.e., expands the



15In step 3 the door controller 3 starts to close the el evator doors

and noves to step In step 4 the inmage processing unit 6,W6025
as the el evator doors close, progressively reduces the detection area

on the landing by elimnating the appromd ate detection bl ocks of the
detection area in such a way that the width of the detection area
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door clebgeahtise gnailding af apprdpriate sumbenrof sletection bleka?,bamiJersthe@psnfebse speed

6 the
oot oof Bl ey SottsBRess Riothe ok coptrplies 3ng pmthf oBbstflast gL 800 slsyptor
bef ore dbépﬁ@;ﬁdh@@odrtzoﬁﬁralbrﬁ a ﬂrede&érﬁﬁne?i tihe afiérafe deeaiRssithglatted digral.
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t he15i mae int Iy gcyrl rﬁgvement geflopeepe{ssrg% ers ort elr eion%m%g Igtét caught between the doors can
be increased, the passengers can have an enhanced sense of security. Further, since the
frequency of passengers and their belongings getting caught by the elevator doors can be
reduced, possibie failures of the elevator doors can also be reduced.
The fact that the single imagiﬁg device 5 is able to image the elevator entrance
20 and that the burden of image processing is alleviated by restricting the image processing on the
video signal from the imaging device only to a desired portion of the detection area can lead to
o improved detection sensitivity, a reduced p-rocessing time thanks to the simplified processing
and a reduced memory size, which in turn realizes a cost reduction.
An operation to detect an elongate material such as a cord of a vacuum cleaner
25 will be explained by referring to Fig. 5, Fig. 6 and Fig. 7.

Fig. 5 shows an image processing unit 19 for the elevator doors incorporating a
cordlike object detection unit 20 instead of the motion detection unit 17 of the image processing
unit 6 in Fig. 1. The cordlike object detection unit 20 uses an outline extraction method which
is suited to detect linear portions of edges of an object by extracting parts in image data where

80 the brightness sharply changes.

The detection area set by the cordlike object detection unit 20 covers a doorsill
between the car and the landing at the elevator entrance and can expand or contract in the
direction of the door opening width as the elevator doors open or close. The video signal of the

detection area is stored temporarily in a frame memory 18 and then processed by line processing



The interlocked relationship between the opening width of the

el evator doors and the width of the detection area can be achi eved bW6025
reduci ng or expandi ng the detection area by elimnating or addi ng an
appropriate nunber of detection bl ocks -based on the open/cl ose speed
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In step 14 the image processing unit 19, as the elevator doors close, reduces the

detection area by eliminating the detection blocks so that the width of the detection area fits in
25 the opening width of the elevator doors (see the detection area D of Fig. 7B).

Further, the image processing unit 19 checks for a cordlike object in the detection
area D. If it finds the cordlike object, the image processing unit 19 proceeds to step 16. Ifitis
decided that there is no motion in the detection area B approaching the car, the image processing
unit 19 moves to step 15.

30 In step 15 the door controller 3 checks if there is a door closed signal indicating
that the elevator doors are closed. If it finds the door closed signal, the door controller 3 moves
to step 23. If not, the door controller 3 returns to step 14.
In step 16 the door controller 3 stops the elevator doors and makes an

announcement by a voice announcement device 4 to inform the passengers: "A cordlike object



5 detection area as related to the el evator door opening width (the
detection area Cin Fig. 7 neasures six detection bl ocks w dthwi se bw6025
two bl ocks depthw se; and the detection area D neasures one bl ock

wi dt hwi se by two bl ocks depthwise). In i¢he follow ng, the interl ocked
operation between the inage processing unit 19 and the door

cont r olbasbeah fnuhd attbe dapisidl, sewey stoppet the dgotso Ramoue theiabisst, plaRe.Y. Ahd

s a f|8W cthart fO{S1 %ssHi ng safety as the inage processing unit 19

and t hé"gb&P" %eﬁfl§‘ i 3 of Fig. 1 cooperate to open or close the
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recei ving an el evator door fill-open signal, turns on the power of

t he i n@gedeteramingdding o gerithe piedeigeniped iwssit pepcasdstto s8p 18ef or e

pr Ogiedi ng to st gfi 3%%8%@%%%3%?%é%%@§%t g@ ecRE e \%é;lgce%%i]eté:t thtne

checks for any c e ction area when t

el evat adetedtion srear elffid tordkifeasbiécs éend loageteleatadoin nmr?eaﬁcﬁt?]pﬂf: df it degides
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is narrgw in a direction fromthe | anding toward the el evator

entrance. If the check in the detection area C has found no cordlike
obj ect, the i nagdn2@pdPdbedwirmgninrliar 3Leartsmpesing thestl eptdrlootsandtnagpvet B

t he 6100{ c%%ntrol ler 3 starts closing the el evator doors and noves to
step’ 14°PI%Y-step 14 the image processing unit 19, as the el evator

doors close, redugegepehe imagdPreehdifiumi eRekPandd ih8IdBREIiGWared B1 accordance
detection blocks so that the wdth of the detection area fits in 25

t he opd&fithige jcaeasingfoperiag aviéhaf the emier dosescandié thesaeetinupesfosas theof
Fig. 7 . . . .t i i it
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cor dl i kagdprecsssing uaitilvagmrmtosepstng ifthe torifkooleads found, is bRizedds.to kep
it is decided that there is no notion in the detection area B

applr%aglln' ng the car, the inmage processing unit 19 noves to step 15.

30In step 15 the Iﬁi%g 28 t%%% s add a6 BEGKSthLd tht B&aRKd ébj??tq{?ge?gn@%ﬁ]nehas

signal indicating th evator doors are closed.
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20 Step 23 turns off the power for the imaging device 5 and the image processing
unit 19.  As described above, in the event that a cordlike object, such as an electric cord of a
w—V_élc;uum cleaner, is detected to straddle over a doorsill between thé landing and the car, the door
closing operation is stopped and at the same time an appropriate announcement is made to
inform the passengers, thereby giving them an enhanced sense of security.
25 Referring to Fig. 8, how the motion detection and the cord detection are both
realized in one and the same device will be explained.

Fig. 8 shows an image processing unit 21 that replaces the elevator door image
processing unit 6 shown in Fig. 1. The image processing unit 21 allows a detection area for
motion detection and a detection area for cordlike object detection to be independently set by the

80 operation input unit. Each detection area is checked by the motion detection unit and the
cordlike object detection unit. Therefore, the image processing unit 21 can detect passengers
and their belongings entering the car and also cordlike objects such as electric cords of vacuum
cleaners.

In this construction, the detection area may be shrunk or expanded by making



W5025 - 8 - has been found at the doorsill, so we've stopped the

doors. Renove the object, please.” And then, it proceeds to step 17.W6025
In step 17 the door controller 3 sets a tiner to suspend the door
operation for a predetermned tine. After-the predetermined tinme, it
proceeds to step 18. 5In step 18 the inage processing unit 19 checks
for a comilldriegobjchatf thendaidntiod blaeks inothe deteetiornl dred Wehowtrolibngoeg tigjnaotber of
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processing unit 19. As described above, in the event that a cordlike
obj ect to simpifigd peavessingeandj acredened negmeryvegutgment, ednely in thm fgeiitagesed t o
straddl e.qyer rsill _between the | anding and the car, the door

cl osi n&aér%s'?aantcgﬁé)& Sescfl%'ped and at the sane tinme an appropriate
announcenent is nmade to informthe passengers, thereby giving them an
enhanced sense of security. 25Referring to Fig. 8, how the notion
detection and the cord detection are both realized in one and the
sanme device wll be expl ai ned.



Fig. 8 shows an inmage processing unit 21 that replaces the el evator

door inmage processing unit 6 shown in Fig. 1. The inage processing W6025
unit 21 allows a detection area for notion detection and a detection
area for cordlike object detection to begoindependently set by the 30
operation input unit. Each detection area is checked by the notion

det ect idPAIMIBt and the cordli ke object detection unit. Therefore, the
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doors are opened or closed.
5. A safety elevator according to claim 1, wherein the detection area is divided into a
plurality of detection blocks and is reduced without changing the number of detection blocks as
an opening width of the elevator doors when the elevator doors are opened or closed is reduced.
6. A safety elevator according to claim 1, wherein the imaging device (5) is arranged

above the elevator entrance and the detection area is formed as a rectangular area with a large

depth in a direction from a landing to the elevator entrance.

7. A safety elevator according to claim 1, wherein the imaging device (5) is arranged
above the elevator entrance and the detection area is formed as a one-dimensional area with a
small depth in a direction from a landing to the elevator entrance.

8. A safety elevator according to claim 1, wherein the detection area can be set as a
rectangular area with a large depth in a direction from a landing to the elevator entrance or as a
one-dimensional area with a small depth in the direction from the landing to the elevator
entrance.

9. A safety elevator according to claim I, wherein the door controller (3) controls
the open/close operation of the elevator doors in accordance with a result of detection by the
image processing unit (6, 19, 21).

10. A safety elevator according to claim 1, wherein the door controller (3) stops or

reverses the operation of the elevator doors when the elevator doors move from a fully open state



a door controller (3) to control the open/close operation of the

el evat or doors, and an image processing unit (6, 9, 21) W6025
to determne a detection area froma video signal fromthe imging
device (5) and detect an object to be detected; wherein a

size of the detection area is changed in accordance with the el evator
door s a0 e cipehstdtepin actardante with a &sslabEdetection\bgtthe inseape rokesgng onic (GilM)
1, mherqgn the size of the detection area is determ ned in accordance
with af pening width of the el evator doors when the el evator doors
are opened or closed. 3. A safety elevator according to claim1,
wherein the detection area is reduced as an opening wdth of the

el evator doors when the el evator doors are opened or closed is
reduced. 4. A safety elevator according to claim1, wherein the
detection area is divided into a plurality of detection blocks and

t he nunber of detection blocks is changed when the el evator doors are
opened or closed. 5. A safety elevator according to claim1l, wherein
the detection area is divided into a plurality of detection bl ocks
and is reduced w thout changing the nunber of detection blocks as an
opening width of the el evator doors when the el evator doors are
opened or closed is reduced. 6. A safety elevator according to claim
1, wherein the imging device (5) is arranged above the el evator
entrance and the detection area is fornmed as a rectangular area with
a large depth in a direction froma landing to the el evator entrance.
7. A safety elevator according to claiml, wherein the i mging device
(5) is arranged above the el evator entrance and the detection area is
forned as a one-di mensional area with a small depth in a direction
froma landing to the elevator entrance. 8. A safety elevator
according to claiml1l, wherein the detection area can be set as a
rectangular area with a large depth in a direction froma landing to
the el evator entrance or as a one-dinensional area with a small depth
in the direction fromthe landing to the elevator entrance. 9. A
safety el evator according to claim1l1l, wherein the door controller (3)
controls the open/cl ose operation of the el evator doors in accordance
with a result of detection by the inmage processing unit (6, 19, 21).
10. A safety elevator according to claim1, wherein the door
controller (3) stops or reverses the operation of the el evator doors
when the el evator doors nove froma fully open state WO025 - 11 - to
a closed state, in accordance with a result of detection by the inmge
processing unit (6, 19, 21).



