WO 2004/ 084556 1 PCT/ CH2003/ 000181 Three-di nensi onal nonitoring in the area
of alift by neans of a three-dinensional sensor The subject of the
invention is a device for nonitoring a lift area according to the
introductory part of claim1, a nethod for area nonitoring according to the
I ntroductory part of claim12, and a software nodul e for area nonitoring
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It is also conceivable that inappropriate behaviour of a person, faulty handling of the lift or
inexpert loading or unloading of the lift leads to problems.

There is therefore noted a tendency to monitor these critical areas in order to be able to

recognise problems in good time and, in particular, to avoid risk to persons.

Mechanical, magnetic, inductive or similar switches are frequently used for monitoring the
doors of a lift. In addition, optical systems, such as, for example, light barriers or light
gratings are used. With approaches of that kind certain information - for example, about
the status of the doors - can be supplied to the lift control. However, the information
content is relatively limited, since, for example, a switch is only in a position of indicating
two states (digital information whether a door is open or closed). Monitoring solutions of
that kind are predominately limited to the immediate vicinity of the cage doors and/or shaft
doors.

In order to be able to construct a more complex monitoring system there is needed, for
example, a combination of several switches and light barriers.



Optical systens in particular have certain advantages, since by contrast to
mechani cal solutions they operate contactlessly and are not subject to
mechani cal wear. Unfortunately, even in the case of nore conplex optical
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conplicat El\eacl.rD to prc%]ems in l?uatlons where the intensity of the outside light strongly varies - for
example, in the case of incidence of sunlight - and thus the image brightness strongly
increases.

Conversely, the use of such a camera for the said purpose can also be problematic when
the outside light which is present is insufficient. In the case of area monitoring it is
essential that the monitoring functions securely and reliably in all circumstances. A
dependence on outside light is problematic from this viewpoint. According to the PCT
patent application there is used a classical pattern recognition approach (pattern matching)
in order to be able to evaluate the sequence of two-dimensional images. A system
operating according to the set PCT patent application with two-dimensional images cannot
make any statement about distances. A specific statement about movements and
movement directions is possible with such a two-dimensionally operating system only by

computer-intensive reprocessing of the supplied images.

A further monitoring system is described in US Patent 5 387 768. The system described
there uses a camera, images of which are provided in a complicated mode and manner in



WD 2004/ 084556 3 PCT/ C112003/ 000181 order to be able to nmake a statenent
about whet her and how many persons are present in the region of the lift.
The canera makes recordi ng sequences with different zoomsettings so as to
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Patent 5 345 049 a |ift is described in which it is detected by nmeans of an
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Lift systems with access control exist. Such systems operate, for example, by means of
badges and badge reading apparatus. Thus, it is possible to check whether a person is
authorised to use the lift. Only a person recognised by badge can call a lift and select a
destination storey. To that extent systems of that kind function reliably. However, who
and how many persons enter the lift cage is hardly capable of checking by current
approaches. Access can be additionally controlled by appropriate constructional
measures, for example a turnstile, an access gate or other architectonic measures.
However, these approaches are complicated and often not suitable for aesthetic reasons.

In the case of present-day identification systems for lift utilisation it thus cannot be ensured
that in fact only authorised persons enter a lift cage or leave this at a storey for which they
have access authorisation.

It is an object of the invention to provide improved lifts.

It is an object of the invention to enable an accurate and reliable area monitoring at lifts.



PCT/ CH2003/ 000181 It is a further object of the invention to realise
reliable and fast-acting problemrecognition for lifts. According to the
invention this object is fulfilled in advantageous manner by a device
according to patent claim1, a method according to claim 12 and a software
nodul e according to claim16. Advantageous devel opnents of the invention
are def i noHORBYO4{0BES56lependent claims 2 to*11l and 13 to RGU/CHRW3MMIELtjon i s
explained in nore detail in the follow ng by way of exanple with reference
to drawi ngs, in which: Figs. 1A and 1B show schematic side views of the cage
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processi ngodiei ce; Fig. 3 shows a schematic side view of the cage of a lift
with a sensor according to the invention; Fig. 4 shows a schematic flow
chart, according to the invention; Figs 5A and 5B show schematic plan views
of a lift xeReRling@ 4w eentionathieesbjeerr Bafulfilled tirh advardagenusamaoneti by at devidee

i ti d devi dj t he i tion; d Fig. h
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t hree-di nensional sensor is used in the field of |lifts. This sensor is
preferably a three-dinmensional sensor operating in the infrared range. A
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group for Wc@dﬁ’ﬂén of light is particularly suitable. Ideally, the optical
transmitter is a light-emtting diode or |aser diode which, for exanple,
transmits light in the infrared range,. %fr in the light is @rri.fhte in short
pul ses, ggdnvengon isyexplpipecin mergdetall in OE‘EW'EQQV@@{ EXRTPIE N EIENSY
nanosecondg dr&48gs, itwhich:

Figs. 1A and 1B show schematic side views of the cage of a lift with a sensor

according to the invention,;

Fig. 2 shows a schematic block diagram with a sensor according to the

invention, with a processing device;

Fig. 3 shows a schematic side view of the cage of a lift with a sensor

according to the invention;
Fig. 4 shows a schematic flow chart, according to the invention;

Figs 5A and 5B show schematic plan views of a lift cage inclusive of access area,
with a sensor according to the invention and a device according to
the invention; and

Fig. 6 shows a schematic block diagram of a software module according to
the invention.

According to the invention for the first time a novel optical three-dimensional sensor is
used in the field of lifts. This sensor is preferably a three-dimensional sensor operating in
the infrared range. A three-dimensional sensor comprising an optical transmitter for pulse-



diode is for this purpose preferably provided with an (electrical) shutter
whi ch i'nterrupts the emtted |ight. However, the diode can also be pul sed
directly. The sensor group serves as an inmage sensor which converts |ight
into electrical signals. The sensor group preferably consists of a nunber
of light-sensitive elenments. The sensor group is connected with a
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In order to suppress the influences of extraneous light it is possible to undertake a double
scanning in which scanning is once with and once without light. Two electrical signals
(once with active illumination, once without), which can be converted by subtraction into a
definitive signal substantially independent of extraneous light, are then obtained. Such a
sensor can be reliably used even in the case of solar irradiance and in the case of
changing light influences.

The three-dimensional sensor is preferably realised from semiconductor components,
which leads to a high degree of reliability and robustness. In addition, such a three-
dimensional sensor is particularly small and can be rendered capable of manufacture in
advantageous manner by mass production.

Through the detection of three dimensions it is possible to realise a device which directly



can be used (for exanple, a personal conputer or a central processor unit
with peripheral conponents) which executes three-dinensional mathenatical
operat ions. This formof three-dinmensional mathematical operations is
significantly different fromthe previously enployed special pattern
recogni tion approaches which, for exanple, operate with different grey
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as image sensor and receives, by way of the light cone 18, light information and converts
this into electrical signals. The light information is prepared by a processing chip 19 and
transformed into image information 16 (for example, in the form of a three-dimensional
distance image). An example of such a three-dimensional distance image 16 is illustrated
in Figure 1 in substantially simplified form. It can be inferred from the distance image 16
that the cage 12 is empty. The cage doors 13 and 14 are closed. It is schematically
indicated in Figure 1A that the distance image 16 is a three-dimensional image of the lift
cage 12.

If the detecting process is repeated at a later instant T1, then the distance image 16 shown
in Figure 1B results. The distance image 16 shows that in total four persons 31, 32, 33
and 34 are in the cage 12. The distance image 16 is a three-dimensional image of the lift
cage 12 and the persons 31 to 34.

The laser pulses transmitted in the direction of the cage 12 are preferably synchronised in
relation to the start of an integration window. The laser pulse received by the sensor
group 11 after reflection within the cage 12 triggers, after a transit time TO, a linearly rising
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the integration instants T2 and T3. Depending on the spacing of the |ight
source 10 fromthe different three-dinensional points and fromthere to the
sensor group 11 only a fraction of the original intensity of the 1ight
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i nt ensi ty athenmabdexand mamherer t hi s conbi ni ng, the above- descri bed eval uation
can then be carried out, in which the instant TOis ascertained from the
position and rise of the intensity signal X(t). In the case of this form of
enbodi mentA phe of #ig aracessingitakes pla‘cetiﬂnmeawroeeagmmiﬁp 1S andawt edly is arseparatever al

| i ght-sensjtiv n

possi bl e t%rogesgéﬁt rfftr‘?. ?ﬁ' %gaanﬁs%?lg iFfE %lfnt e SH% "‘E scpé)'z'g?ndﬁ]‘by%p%}?lﬁectl ng
obj ect s dilspoware, which erefiabie taad eapidr ea. A three di rensional ly operating
sensor device, the depth resolution of which is better than the area
resolution, is thus obtained. In the case of the second approach accordi ng

to the i nvRmb idifferériteproesssing gnsp'ruacmac'tam be agpd.i siasthe ddsghdf- thenfirst approach

el ements (n > t-sensitive ele
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the |ight Eddhcefi these lighttdemsitios pitheénts slpgiet -seimtdrisity Sighlab REN! theTétasgth of

intensity v?/r'ngﬁ' ?sl ge;g(e’ngjte?'nt c(>3na ﬂ1et irr]\?er}lsity of the light received by the respective light-sensitive
element. These intensity signals x,(t) can be combined - for example, by a form of
superimposition - to form an intensity signal X(t). After this combining, the above-
described evaluation can then be carried out, in which the instant TO is ascertained from
the position and rise of the intensity signal X(t). In the case of this form of embodiment the
area resolution of the arrangement is reduced, since several light-sensitive elements are
evaluated in common. It is nevertheless possible to ascertain the transit time and thus the
spacing from reflecting objects disposed in the monitored area. A three-dimensionally
operating sensor device, the depth resolution of which is better than the area resolution, is
thus obtained.

In the case of the second approach according to the invention the sensor group again
comprises n light-sensitive elements (n > 0). Each of these light-sensitive elements
supplies an intensity signal x,(t), the strength of which is dependent on intensity of the light
received by the respective light-sensitive element. These intensity signals x,(t) can then
run through the above-described evaluation, wherein each of the intensity signals x,(t) is

individually processed, preferably simultaneously. The respective instant T,0 can be



run through the above-descri bed eval uation, wherein each of the intensity
signals x,(t) is individually processed, preferably sinultaneously. The
respective instant TnO can be WO 2004/ 084556 8 PCT/ CH2003/ 000181 ascert ai ned
fromthe position of and rise in each of the intensity signals x" (t).
Preferably, the processing chip conprises several parallel channels
(pr ef er abl yoroo4iesasssl s) for processing & the n intensiPCE/CG240300818kn(t). In
the case of this formof enbodinent there results an area resolution, since

several pohdteptainBd $RAF e ltioR ORBRY Bise Fredfthadf tlﬁ@in‘f@n%it?%ifgﬁals XY e Prefeliabosed
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The processing device 20 is designed by the installation of a software

modul e in such a manner that the inage information can be evaluated so as
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can al so be predeterm ned, by which the processing device 20
In one possible form of embodiment the image information is further evaluated by the
processing device 20 in order to obtain information about the state of the monitored area.
For this purpose, for example, the state information obtained from the image information
can be compared with target information. For this purpose the processing device 20 can
comprise means 20 for provision of the target information. The means can be, for
example, an internal hard disc memory. It is possible, for example, that the distance
image 16 shown in Figure 1A is stored as target information in the hard disc memory.
The processing device 20 can ascertain by a comparison algorithm whether the just-
obtained state information corresponds with the target information. If this is the case, then
it can be assumed that the cage interior space is empty.

Other target information can also be predetermined, by which the processing device 20
undertakes respective comparisons. A specific reaction can, for example, be assigned to
each target information.

In the case of another form of embodiment the image information is processed in

preliminary manner by a processing chip 19 in terms of hardware and then evaluated by



undert akes respective conparisons. A specific reaction can, for exanple, be
assigned to each target information. In the case of another form of

enbodi ment the inage information is processed in prelimnary manner by a
processing chip 19 in terns of hardware and then eval uated by WO 2004/ 084556
9 PCT/ CH2003/ 000181 the processing device 20 wi thout having to conpare the
st at e i nf owwedoD4e84586t h t he target informdation. |n thisPCPIH003/000MS8Ihere is
conpari son with one another of inmage information which was detected by the
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who has | Or%g gs tt%%sél le for %engc\e/v(?cet {.c')etrigtg)jere&uatal'c}n-adapted reactions. In the illustrated
example the device is in a position of recognising whether persons and/or objects are
located in the lift. By virtue of the clear rectangular geometry the device can recognise
that an object 41 must be concerned. Next, the device can, for example, seek to
recognise the position of the object 41 within the cage 42 in order to be able to derive
reactions therefrom. In the illustrated example the object 41 is disposed very close to the
opened door. A possible reaction would need to make an acoustic warning by way of a
loudspeaker 51 in order to require the person who has loaded the lift to move the object 41
further into the interior space of the cage 42. As long as this has not taken place, closing

of the doors by the device is precluded.

A method according to the invention for area monitoring comprises several method steps,
as shown on the basis of an example in Figure 4. There is detection by a sensor (for
example sensor 9 in Figure 1A) of light (box 61 in Figure 4) which is reflected at different
spatial points in the area to be monitored. This light originates from a light source (for
example light source 10 in Figure 1A). Distance information is ascertained (box 62 in
Figure 4) from the detected light. In that case the transit time of the light is taken into



further into the interior space of the cage 42. As long as this has not
taken place, closing of the doors by the device is precluded. A nethod
according to the invention for area nonitoring conprises several nethod
steps, as shown on the basis of an exanple in Figure 4. There is detection
by a sensor (for exanple sensor 9 in Figure 1A) of light (box 61 in Figure
4) which i WOwh4/esdssd at di fferent spati@l points in t RETAHRYYH01$E

nmoni tored. This light originates froma light source (for exanple |ight
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obj ects are locate t he monitored area (bo persons were
recogni sedflow Ch%bmﬁhQ%r@Gbﬁﬁé@?t'oﬂf@ﬁ takeeplags i @V@ E&ﬁtﬁﬁt Stspzﬁ% Qe gxamples

cl as&hca&mggsgﬁgt,&,@é?g Ilgﬂea%tHéTol%ﬁlhﬁther step 68. Sone exanples of
classification are listed in the follow ng: - ascertain nunber of persons, -

recogni se position ofSAERaINFuNheR obpersetSsons within the nonitored area, -
detect novenents or @Kﬁﬁg?ﬂgilérﬁﬁtthépéﬁon oF PESEnANAIR theSRbhitited ar he

whet her several persons™in e nonit area are as predeterm ne

Dependi ng on the resgeiectmevementsef meyame direetionsr nore of the fol I ovm ng
reactions, which argn‘%)( ibugy<ampl e, are triggered in a step 69: - wait
until further persons have boarded before the |lift cage is set in notion, -
in the case of over| dwmtkivdiethis savrrabmsrsansdn thef monitaged arearase as predetsroinedak e
an announcenent, - Lf one or nore persons is or are too close to the door
region, either vvalt un’tl I

Depending on the respective classification, one or more of the following reactions, which
are by way of example, are triggered in a step 69:

- wait until further persons have boarded before the lift cage is set in motion,

- in the case of overloading, do not set the lift cage in motion and/or make an
announcement,

- if one or more persons is or are too close to the door region, either wait until
the situation has changed or make an announcement,

- if a person moves in the direction of the doors, appropriately adapt the door
opening or closing process (for example, stop or slow down closing of the
doors),

- if an unauthorised lift user appears to be in the cage, either make an
announcement or trigger an alarm call.

If the device has ascertained that an object is located in the cage, then a classification can
take place in a further step 66. Some examples of classification are listed in the following:
- ascertain number of the objects,
- ascertain kind of objects,
- ascertain size of the objects,

- recognise position of the object or objects within the monitored area,



the situation has changed or nmake an announcenent, - if a person noves in
the direction of the doors, appropriately adapt the door opening or closing

process (for exanple, stop or slow down closing of the doors), - if an
unauthorised lift user appears to be in the cage, either make an
announcenent or trigger an alarmcall. If the device has ascertained that an

obj ect is WOQR804084350 t he cage, then a clWdssificati on caRCT/CHRGIIWIHEE in a
further step 66. Sone exanples of classification are listed in the

fol | owi ng: ascertai njewutthesvetentss drbLiRMsDf movement sfidbjdetsid of obj ects,
ascertain size of the objects, recognise position of the object or objects
within the nonitored area, WO 2004/ 084556 11 PCT/ CH2003/ 000181 det ect

novenent s DEpetiding W BB Feseciey ea@gérisatio® bhé 6F Mmord Bt Neving rddttions; whidht | ve
categorisation one _or nore of the foll ow n%treacti ons, whic are by way of
exanpl e, A PY&vayof GRAPRIE. ¢a0 be Wiggered i asiePl{e case of overloading, do not

place the lift cage jhhd®dset otEE=aIngBE Aot pladitha M@HHE ATMBLion afd/EiRaky ™ nore
objects is or are located too close to the door region, either wait until

the situation has crJEWuBFeReMe an announcement, if an object has moved in

the direction af thefgeobsmofdBhjeBEsiiEbeLY 1BEREE tdd8losél RPtheIMRA réfionfeithéoSi NQ
process (for exanple, stop or slow down closing of the doors), If neither a

person nor an obj ectWalhdntttessiiuation haschanged etylrke 8p aneaiEsementhhay of the

branch 60 back to theapegjeBihdiomansd ihike 8REDR oPTHRCRRPs, | dppFepriaflyealpe Hen -
According to this chart, any branched decision trees can be realised in

order to ultimately 9097 BERING r clgsing PEAGeER TPy examRjBettor of slawtdam dpsingof
corresponds with theppygyah!ing situation or is adapted thereto. The
descri bed nethod steps are preferably performed in a processing device,
wherein an appropriate software nodule is used. Preferably

three-di mapabgirla PBSBR RF iah@bbject was detected, the flow chart branches by way of the
branch 60 back to the beginning and the entire process is repeated again. According to
this chart, any branched decision trees can be realised in order to ultimately be able to
automatically trigger a reaction which corresponds with the prevailing situation or is
adapted thereto.

The described method steps are preferably performed in a processing device, wherein an
appropriate software module is used. Preferably three-dimensional mathematical
operations are used in the evaluation of the distance information.

The processing device can additionally be so extended with respect to the area monitoring
that the following door states are recognisable:

- door gap,

- position of the lift door,

- closing behaviour of the lift door,

- object in the region of the lift door.

Depending on the recognised door state a situation-adapted reaction is then triggered by
the processing device. This can be one or more of the following reactions:

- stop door closing process,

- stop door opening process,

- slow down door closing process,

- slow down door opening process,



operations are used in the evaluation of the distance information. The
processi ng device can additionally be so extended with respect to the area
nonitoring that the foll ow ng door states are recogni sable: - door gap, -
position of the lift door, - closing behaviour of the lift door, - object in
the region of the lift door. Depending on the recogni sed door state a

Si t uat i on- WeR04eB45act i on i s then triggtred by the pr8E€ECH2AP/MBLce. This
can be one or nore of the follow ng reactions: - stop door closing process,

- stop door opening mgg\%ﬁgmspeaﬁér@waaQMeﬁtpor cl osing process, - slow down
door openi ng process, 2004/ 084556 12 trigger |oudspeaker arrangenent,

pl ace service call, PRFYBRVICESBY.gency call, stop lift operation, continue
lift operation at regiggeceri®®gefcy cdini tiate evacuation of the lift cage, etc.
PCT/ CH2003/ 000181 Dependi ng on the respective form of enbodi nent, a device
according to the i nveARII®APE:HONr ecogni se one or nore of the fol |l owi ng

states: - nunber of gFIHESYROEeralion BEreliiiddd SpaBE, Or in the access region
(lobby) in front of the lift shaf - nunber of persons entering or |eaving

L . t, -
the Iift, - directi®itigle eyasuatiosrof g Fbsage. - overl oad, - incorrect |oading,
- obstructions jn thgedoor region,

Depending on the respective form of embodiment, a device according to the invention can
recognise one or more of the following states:

- number of passengers in the lift cage or in the access region (lobby) in front

of the lift shaft,

- number of persons entering or leaving the lift,

- directional flows of persons,

- overload,

- incorrect loading,

- obstructions in the door region,

- need detection,

- movements,

- door gap,

- position of the lift door,

- closing behaviour of the lift door,

- object in the region of the lift door.

Depending on the respective form of embodiment, a device according to the invention can
trigger one or more of the following reactions:
- no closing of the lift doors as long as persons are located in the access
region of the story in which the lift cage is just located,
- situation-dependent controlling of the lift cage in order to be able to take
into account arrival of persons at individual storeys,
- lift cage stops only at a floor when persons wait in the access area of the
corresponding floor,
- automatic calling of a lift cage if a person approaches a shaft door and
stays there,

- traffic-dependent or need-dependent controlling, for example in the case of



- need detection, - novenents, - door gap, - position of the lift door, -

cl osi ng behaviour of the [ift door, - object in the region of the lift door.
Dependi ng on the respective form of enbodi nent, a device according to the
i nvention can trigger one or nore of the follow ng reactions: - no closing

of the Iift doors as long as persons are |located in the access region of
the story WO 2004084556 he | i ft cage is justl3located, - sitREIVCHAWOAEMHBHent
controlling of the lift cage in order to be able to take into account

arrival of persons aftihdidilatioAsMth SbwralYit.caged,i ft cage stops only at a floor
when persons wait in the access area of the, corrga?&)ondi n

floor, -
automatic cal | isng ofiniatiqns of ergrgeney megsres i 2 pioP rﬁegecag@ﬁ%\%f adisk 12Ad
stays there, - traffiefssioppnsank, or need-dependent controlling, for exanple
in the case of WD 2004/ 084556 13 PCT/ C132003/000181 lift installations with
several |ift cages, disAiqY intormatiofn andientieers N APRSYACES™: a problemi s

recogni sed or a riskyb@ o protfsibadtesStdPAsdrbl e, di splay information and/or
trigger an announcenent, allow or prohibit access to a floor, allow or

prohi bit use of t he allpwior perubit useRfitkq lifteageeval uati ons of, for exanple, the

number of persans, f4&AYEAaRbtionsSE, fo%szamp@@meldJnﬁbe‘rwagbmﬁg,-fre%u@Hwdsre_r
form of enbodi nent of the invention is shown In Figures 5A and 5B. This is a

devi ce for nonitoriH§ei8€.access region in front of a lift shaft. In the
schematic plan vi ew . iftffliibRs SA there is shown a lift cage 82 located at a
storey of a building. "The cage 82 is

A further form of embodiment of the invention is shown in Figures 5A and 5B. This is a
device for monitoring the access region in front of a lift shaft. In the schematic plan view in
Figure 5A there is shown a lift cage 82 located at a storey of a building. The cage 82 is
separable by cage doors 87, 88 and shaft doors 89, 90 from the access region. The doors
87 to 90 are slightly opened in the illustrated depiction. A sensor 79 according to the
invention, which is connected with a processing device 80, is located in a wall near the lift.
A loudspeaker 81 is provided by way of which announcements can be made. The access
region is laterally bounded by walls 85 and 86. A situation is illustrated in which in total
three persons 82, 83, 84 are in the access region. The persons 82 and 83 stand directly in
front of the doors 87 to 90 and wait until these doors have opened. A further person 84
moves away from the doors 87 to 90, as indicated by an arrow. The device according to
the invention is in a position of detecting this state. The device generates a three-
dimensional distance image 76 which is schematically shown in Figure 5b. The device
recognises that three persons are in the access region. Moreover, it is in a position of
monitoring whether the persons 82 and 83 too closely approach the opening doors 87 to
90. If this should be the case, then the opening movement of the doors could be stopped
so as to avoid risk to persons. As soon as the doors are completely open, the persons 82,
83 enter the lift cage 82. This process can also be monitored. The doors 87 to 90 can
close automatically as soon as the two persons 82, 83 have entered the lift cage 82 to
sufficient extent. The person 84 is further detected by the device. Since, however, this
person 84 moves away from the doors the lift cage does not wait for this person 84.

The described forms of embodiment can be extended in that the processing device 20, 50,
80 is so designed in terms of software that not only can it be recognised whether and
where persons and/or objects are located, but also the objects or persons can be



separabl e by cage doors 87, 88 and shaft doors 89, 90 fromthe access
region. The doors 87 to 90 are slightly opened in the illustrated
depiction. A sensor 79 according to the invention, which is connected with
a processing device 80, is located in a wall near the [ift. A |oudspeaker
81 is provided by way of which announcenents can be nmade. The access region
is |ateralWVO2p08¢856 by wal | s 85 and 86.14A situation i sP¢T/CHIBAPMESB! i n whi ch
intotal three persons 82, 83, 84 are in the access region. The persons 82
and 83 stajm;sdi'ea@r:bétygdansedfbyw@tnp@fisém@pei@twm. 87 to 90 and wait until these

doors have opened. A further person 84 noves away fromthe doors 87 to 90,
as indicated by an arrow. The device according to the inventionis in a
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82 to sufdg, 6begy dewskhiRks thE@ §&ﬂlﬁo&£s 16wl WitilbEthe dRbRC bl lifo ¥lobél ehéte iHec €.
Si nce, however, this per son noves away fromthe doors the i 't cage does

not wai t fcéﬁs'rt%?f§h®€P€R§rFaﬁzPe ipeRissr (e o DS FROVBmesh BORPFNY hesRerBer

extended idhet WAb rhBResPhGERSS it hndBY | ffffickiht, R exaRipld, StoSSodedbwinare ictbstrl NS
of software that not only can it be recogni sed whether and where persons

and/ or objBeYemant of ihgcotsuor B ipterpRidhe ﬁl@saajr@ra«emat o fiShBmOBENIADY is

2004/ 084556nddvai@ sl & i18h&' readiOR) ’tr@%@r BY SMEDACMEN iAPSHat P BAsure that
PCT/ CH2003/ 000181 The illustrated foris of enbodi ment can be extended in

that a sed@9adestays indbedaer repitAges successive in tine is supplied to the
processi ng device 20, 50, 80. In this case the processing device 20, 50, 80
can, by suitable processing of the image information, ascertain,

addi t i onalAs/shawnpinriigures dés 1B ana A, e deice agearding isbihedeventian san beasedenent

di rection ﬁﬂ&fﬁ%gé&%ﬂn fnd &%@Eég%qm%nér"%fa% é%z%le%%?s arﬂ‘é&%ft%é@ent

i nformation can used I'n order to trigger srtuation-adapted reactions.
If, for exanple, the processing device 20, 50, 80 determ nes that a person

moves sl o ¥ iaMirh&ily HBSrelPR" Rofiordhd Intdriof sPS& oft 1R chg¥then the sensor can be

mounted in the region of the cage ceiling, as can be schematically recognised in Figures
1A, 1B and 3.

If the sensor is arranged in the region of the rear wall of a cage, i.e. in the region of the
wall opposite the cage doors, then when the doors are opened it is possible to detect not
only the state of the interior space of the cage, but, via the opened doors, also a region in
the lobby in front of the cage.

In the case of the configurations shown in Figures 1A, 1B and 3 the sensor moves
together with the lift cage from floor to floor. The shaft doors of the individual floors and
the access region of the floors cannot, in the absence of the cage, be monitored by the
sensor at the cage. It is recommended to use a sensor according to the invention on each
floor, as shown in, for example, Figure 5A.

There are obviously numerous other possibilities of arranging the sensor or sensors.



closing of the doors can be interrupted or the closing novenent stopped. If
the person is one who noves quickly, it can be sufficient, for exanple, to
sl'ow down the closing novenent of the doors or to interrupt the closing
novenent only for a short nonent. It is conceivable as a further reaction
to trigger an announcenent in order to ensure that nobody stays in the door
regi on. ASWORBAAISIN6 Fi gures 1A, !B and 35 the device ac%%ﬁﬂﬁ‘{j’%“@f’l?he

i nvention can be used for sinultaneous nonitoring of the cage interior
space, cadg gdaéras itagth béabserdadinsthe hiounting 6f thélsﬁﬁgdrltuatdﬁelseﬁsbrtsbomibrbetasr t he

interior s ace of lift ca t he .sensor ca unt ed he i on
of the cad®¥ec® P??f'gﬂe &Q%ﬁ?fﬂ%@tbg%ﬁe%mﬂea“?%? ?yeﬁéﬁmaéggﬁ PHCces @hjfegés T{o 1Band
3. If the Wrwéﬁhé‘d’ ﬁfg@g@,@lcamameragl)on of the rear wall of a cage, i.e.

in the region of the wall opposite the cage doors, then when the doors are

opened it is possible to detect not only the state of the interior space of
the cage, Adyftwatb Inddike waa&ﬁdﬂg% $he ialériod férameqnaprocéémd@éxhneofm fift mnt of

the cage. In the case of the confi ions sho Fi ures 1B

the sensorShRWD R FigupBt Hbe sﬂﬂ‘f’ﬂret’ﬁ '?%P p@ﬁ@@“’f%ﬁ?% stegs M SBr‘t 'S‘f%&%shaft
doors of tdﬁﬁadd%&bt@@@&tﬁé g@eéssﬁyjdew(}@e access region of the floors cannot
in the absence of the ca be nonitaored by the sensordﬁ\t the ca

recommended to -use évéé‘ﬁg?ﬁ oh distangs #r&owtpnésvmv%tk? an %@I‘ProY'g%Py aas

shown in, for eXﬁ”D'tﬁreeEiuﬁBﬁQoM sehb6T A tAE AréD NG iy td bERREHIBred, RBras to
possibilities of arranging the sensor or sensors. WD 20041084556 15

PCT/ CH2003/ 000181 | rieiRst desstateiof thesared, he observed in the nmounting of the

sensor that the sensggoghitml ahaﬁeaéersaﬁsesnaa Bejests Ure 166400 hetHedareh!te Heo be
i nfluenced by external I nfluences Lgcts and/’or persons, weat her,

nechani cal danage, é'f“é“'tPfqu\(SEBﬂT‘PMP@Z dul e 90 according to the invention

for use in a proces%|ég,fi@§fydrp@,u%o@|ég@;ofltﬁest%tg)wn in Figure 6. The software
nodul e 90 perforns the follow ng steg ¢ when it is called up and executed by
for @i

t he processi ng -devi d@ggermexiavmr@@qwﬁﬁ spalinfieadapiask 9aeidn (subnodul e 91),
which is provided by a three-dinensional sensor in the area, which is to be

moni tored, so as to detect the state of the area,
The software module 90 can comprise further modules.

Preferably the light source and the sensor group are arranged in a housing. The mounting
is thereby facilitated, since the light source does not have to be manually oriented with
respect to the sensor group. The orientation of the two components can be carried out
already at the time of manufacture or pre-assembly.

In a further form of embodiment the processing device compares the image information
with one or more reference images in order to obtain information about the area state. For
this purpose, for example, a reference image can be subtracted from the image
information.

According to an improved form of embodiment the area monitoring is carried out
continuously by a succession of numerous light pulses and processing thereof. Reliability
in the lift field can thus be increased by comparison with conventional, mechanical
approaches.

The area monitoring according to the invention is suitable not only for use within buildings,
but also for use outside, since the sensor employed has little susceptibility to disturbance.
Above all, however, the insensitivity to extraneous light is a more significant aspect when



- recognition whether persons and/or objects are |located in the area to be
noni tored (subnodul e 92), - classification (subnodule 93) of the state, -
triggering (subnbdule 94) of a situation-adapted reaction. The software
nodul e 90 can conprise further nodules. Preferably the |ight source and the
sensor group are arranged in a housing. The nmounting is thereby
facilitatedO 280408556 he |i ght source doesiénot have to bePGHEHAIBPOHBR] ent ed
with respect to the sensor group. The orientation of the two conponents can

be carri edjealing with Lsadihialor blRidel biRdiags.manuf acture or pre-assenbly. In a
further form % enbodi ment the processing device conpares the image

information w th one or nore reference inmages in order to obtain
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use outside, since the sensor enployed has |ittle susceptibility to
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nore significant aspect when WD 2004/ 084556 16 dealing with use within or
out si de buil di ngs. PCT/ CH2003/ 000181 The area nonitoring according to the

i nvent i on A durier form pf ambediment dx digtinguishedetyt the tagt thahitseambe deagnistd divt ake
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lift cage I's nee at” a speci
journeys in upward d|rect|on then a lift cage on the way up stops. If a person is detected

in the zone allocated to journeys in downward direction, then the next cage on a journey
down stops. A need recognition and a need-dependent lift control can thus be realised. It
is an advantage of this form of embodiment that the lift installation can be operated
completely without the usual request buttons. The entire system operates in completely
contactless manner.

If a conventional communications connection for connecting the sensor with the
processing device is used then due to the safety relevance of the data (image information)
to be transferred from the sensor to the processing unit suitable measures should be
undertaken to guarantee security during transfer of the data by way of the intrinsically
insecure communications connection.

The device according to the invention can be connected by way of a communications
connection and/or by way of a network with a processing device (for example, with a
computer) which further processes the image information supplied by the sensor, prepares
it and optionally stores it. Thus, a monitoring system can be realised which, for example,
centrally monitors a lift installation with several lift shafts.

Preferably a device according to the invention is integrated into the safety circuit of a lift.



realised in that the area nonitoring observes the access area at the
corresponding floor. If a person approaches the shaft doors and waits
there, then the device concludes therefrom that the person is waiting for a
lift cage. This form of enbodi nent can even be extended in that the access
region is divided into two zones. |If a person stays in the zone provided for
j our neys iwoO ag4aB4b5€i rection, then a |iflf cage on the vRGT/OH2093/8¢0481 | f a
person is detected in the zone allocated to journeys in dowward direction,

then the nAexisafd@8irQRt tﬁerb@*’hé‘@bhoréjﬁé%rﬁkﬁ@@cap%bﬂlﬂﬁé’nd BeqeNs fioke reiable 2 As
need- dependent I|ft control  can thus be realised I s an advant age of
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f or exanplbeing caghtriathedonsmegion.s a |ift installation with several lift
shafts. Preferably a device according to the invention is integrated into
the safety circuit of a lift. WO 2004/084556 17 PCT/ CH2003/ 000181 The safety
circuit tHefetheradyaniege @feaf snlutioncaceoaginditpithg iaventioneby imeanss ofnar three-
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order to,
very trigger a suitable reaction very quickly.

The three-dimensional sensors employed enable evaluation of the third dimension, which
is advantageous by comparison with one-dimensional systems (for example, light barriers)
or two-dimensional systems (for example, light gratings or charge-coupled-device
cameras). Through detection of three dimensions the area monitoring can obtain, in direct
mode and manner, an image, which is close to reality, of the actual state.

It is an advantage of the semiconductor sensor employed that this operates with an
intrinsic light component. Thus, the system is substantially independent of the
environmental conditions and functions even in darkness. As a further advantage it can be
asserted that the invention can be realised without a calibrating mechanism usually
employed in the case of camera-based systems to take account of changed environmental
conditions. In the case of a camera-based system, for example, the light sensitivity is

adjusted by a calibrating mechanism. This outlay is eliminated.

A further form of embodiment of the invention is distinguished by the fact that the

processing device is so designed that the image information can be stored. Thus, it is



bei ng caught in the door region. A further advantage of a solution according
to the invention by neans of a three- dinensional sensor is to be seen in

t hat sensors of that kind have a relatively short cycle tine (less than 20
mlliseconds). Thus, very rapid nonitoring solutions can be realised.
Critical states can be detected nore quickly and reactions triggered in good
time. The WOR0WM984556H nakes it possible tl8 realise noni tRETAH2WIEIUBE whi ch
have a reaction tine, for recognition of objects, of a few mlliseconds.

The rapid do%@@&ﬁb‘db@uﬁnéﬁﬁkae&ltllcm ﬁ?@@é?dsbﬂot?ei(é?npl&%éwhhblcﬂ@ﬂ)’er@brﬁWhérﬁ@it@nﬁge@Ct i on
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one- di mensdepirAor, orsdxanpld, securPiydVilefice. i ght barriers) or two-di nensional
systens (for exarrpl e, light gratings or charge-coupl ed-device caneras).

Through detection of three dinensions the area nonitoring can obtain, in

direct mMAQ BAAeBRAE endBdintEnd of thahhwdhtibs aCdepiice tall rsetﬁ!;?érléd & atésetiont ual
state. It is an advantage of the sem conductor sensor d.that this
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subst anti ghkne d3dP8RABEH sike.t he environnmental conditions and functions
even in darkness. As a further advantage it can be asserted that the

i nvention can be reali sed wi thout a calibrating nechanismusually enployed
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possi ble to docunent a critical process, for exanple catching of a person
when entering or leaving the Iift cage, by neans of inmage information.
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In a further advantageous form of embodiment the area monitoring according to the
invention is combined with an access control system. Thus, for example, it can be
automatically checked whether only authorised persons use a lift. This is possible, for
example, if all access-authorised persons are equipped with a badge. A person desiring
access to the lift must identify himself or herself by means of a badge relative to a badge
reading apparatus. The access control counts the number of persons who have shown by
badge that access to the next lift cage is desired. On entry into the lift cage the system
according to the invention can ascertain how many persons have actually entered the lift.
If the number of persons in the cage does not correspond with the number of persons who
have identified themselves by a badge, then a reaction can be triggered. It is possible, foi
example, not to place the lift in motion and to make an announcement in order to require
the persons to again identify themselves by badge.

A pay-per-use (pay-lift) approach can be realised in similar mode and manner. All persons
who want to use the lift must pay a certain fee. The number of persons who have paid can
be counted. After all persons have entered the cage an automatic determination of the

number of persons is carried out. In the case of deviations, appropriate measures can be



sensor can be linked with the Iift control in order to enable

synchroni sation of the information processing. Thus, a regulating circuit

can be installed which, depending on the respective state, triggers an

appropriately adapted reaction. It is an advantage of the invention that the

waiting tinmes can be reduced, since the |ift can be controlled in such a

manner t haV0i2p04/084556 a position of autondtically adaptiPgl/EH2W4MYENg

conditions. It is thus possible, for exanple, to avoid stopping of the cage

at a f| oorundatiskenugmusobpeyanigie  Stidkeecteckicamde tiigdehet.e any |onger. In a

further advantageous form of enbodi nment the area nonitoring according to the

invention is conbined with an access control system Thus, for exanple, it
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apparatus. The access control counts the nu of  persons who have shown by

badge t hatwele dglestedot H@”r?&?foﬂrﬁfec’e@‘ét@’é‘qaé‘t@égggeéﬁ On entry into the |ift
cage the system according to the invention can ascertain how nmany persons
have actually entered the lift. |If the nunber of persons in the cage does
not correspond with the nunber of persons who have identified thenselves by
a badge, then a reaction can be triggered. It is possible, for exanple, not
to place the lift in notion and to make an announcenent in order to require
.the persons to again identify thensel ves by badge. A pay-per-use (pay-lift)
approach can be realised in simlar node and nanner. Al persons who want
to use the lift nmust pay a certain fee. The nunber of persons who have paid
can be counted. After all persons have entered the cage an automatic

determ nation of the nunber of persons is carried out. In the case of

devi ations, appropriate nmeasures can be WD 2004/ 084556 19 undertaken. Thus,
for exanple, a ticket check can be triggered. PCT/CH2003/000181 A further
pay- per-use systemis based on the use of a key or a badge by which a person
to be transported registers hinself or herself. This registration is
detected and the fee to be paid is charged to the appropriate person. If
nore persons are located in the lift cage than were detected, then an
appropriate reaction can be triggered. W 2004/ 084556 20



Pat ent cl ai ns PCT/ CH2003/ 000181 1 . Device for area nonitoring by a

t hr ee-di nensi onal sem conductor sensor (9; 39; 37) for detection of

t hree-di nensi onal inage information, wherein the three-dinensional

sem conductor sensor is equipped with a Iight source (10) which can be
nounted in such a manner that the area to be nonitored is disposed at | east
partly in wbeoddloBassé nated area (17) of t2e |ight sour cePCT/CB2Q03Q0EENSOr
group (11) which can be nmounted in such a manner that it receives |ight
reflected pgy ﬁtQ?airﬂéea to be nonitored, wherein the received light is
convertible %y the sensor group (11) into electrical signals, and a
processing chip (19) for converting the electrical signals into i mge

nformat | on  ( dviceCRip'aRed ﬁ{dnﬁ&%d? hiked difmepSiBRalt RniSorRRick QeRsbr 8; 86, ar ea
wi thin and/or outside a lift cage (12, 42; 82) and the device conprjses a
processi ng37ddern detegtipn, ofAbreesdimegeipnali imagetinfermatien, wherein it tireedimensiopal ( 9
39; 79) i i P d4ake avail abl e three- dinensional imge
i nformati o%ﬁﬁg%%%ﬁogﬁé}égpgce%@ ﬁgﬁ%lﬁ? the purpose of processing this inmage
i nformati on i n alightrsoutseoliOamhioht eanebe fioyiniedt incivch gpmaseer that the: areade dee of

the area to be fnnj ; ' i h% L L d in
t hat three-dinensi fgﬁ%q' Efbf@égg@%}’fgﬁ?téoﬁgaﬁwgh?glu erai%%b?gi(ﬂgf@fthg%ﬁtaéggg% 0 be
conpared is an (1®age able to be provided froma nenory. 3. Device according

to claim1, ch ' L nee=- di ' |5 FERA & ,
wherein the i rrgégg‘%sgﬁ EF"?@&E@S‘*E@{‘ g%ﬁ@%%@ﬂr{fﬁd;ﬂséeﬂ%@oar hg?'o%;th?(l%ec%&ggeg@?vel y
intime. 4. Devefiected tothdiarga te belradnitoled, vhereirs thec reetved dighkiscconwertibletbyl i ght
pul ses are tr LSSl : ele e 0). 5. Device according to
any one of thqu‘?g%@ |r§!::1°%8ltpe{1i1)trr@,% éé%%ﬁ%é?@ﬁlélg'ea In that the state
i nformati on cara pmcessingiahipd 13ofoasonvertrg el aedtrical signgisrintopiewgei ioforraaton ons
in the case of
(16),
characterised in that
- the area to be monitored is an area within and/or outside a lift cage (12; 42; 82)
and
- the device comprises a processing device (19, 20; 50; 80) with which the
semiconductor sensor (9; 39; 79) is connectible in order to make available three-
dimensional image information and which is designed for the purpose of
processing this image information in order to obtain state information representing

the state of the area to be monitored.

2. Device according to claim 1, characterised in that three-dimensional images are
compared, wherein one of the images to be compared is an image able to be provided
from a memory.

3. Device according to claim 1, characterised in that three-dimensional images are
compared, wherein the images are images detected by the sensor group (11) successively
in time.

4, Device according to claim 1, 2 or 3, characterised in that light pulses are
transmissible by the light source (10).

5. Device according to any one of the preceding claims, characterised in that the state
information can be evaluated so as to be able to trigger specific reactions in the case of



WD 2004/ 084556 21 PCT/ CH2003/ 000181 specific states, wherein the kind of
reaction is preferably dependent on the kind of state. 6. Device according
to any one of the preceding clains, characterised in that the sensor (9) is
designed for nmounting in the region of the lift cage (12; 42), preferably
for mounting in the ceiling region of the |ift cage (12; 42). 7. Device
accor di ng WO 20d8¢¥6cl ains 1, 2 and 3, cHaracterised i nP€REH2¢3/08818]1 uat i ng
nmet hod preferably based on three-di nensi onal mathemati cal operations can be

per f or med spRYifit BRtdy, APEEH Me KRVGIGeadtion id frefepati) detdnaent ¢h theiridCsf skre.or di ng
to claim?7, characterised in that the evaluating nmethod is based on an

integration method. 9. Device according to any one of the preceding clains,
characteriged imevideabcddiding itgny GifeUsCher rEELEdiRG cldirg! chdtadtbesddninr thaE the

range, wherein the source |s preferably a |ight-enittin di Qqde or | aser
di ode. 10.5ePeRfi G IEBIRAET TPURAYI dh edﬁgpﬁ&fah%ghcﬁaﬁaq&?: 4?359re?erab'v or

char act er if&ghting iﬁth@tcetlihgr%%@@éﬂheqlft@u@(152; 3y i mage sensor connected with a
CMOS processing chip. 11. vi ce according to any one of the preceding

clainms, characterised in that for reducing extraneous |light influences a

doubl e scanni NghdvicelHELRFdiRK & ohé of'Blafptl § NE aAd 82 ch&raclRAseP M that 8 evalusignned
once with and once w t hout Ilgpt. d12. Met hod of monitoring a lift area,
regr

wher ei n | imgethodwareserablydased pa imensipnahmatiematisal opgiations £k be pedemeas: ed

by a sensqyy thd prosessiddeviCd'Rr @ &t@en N that the nmethod conprises the
fol |l ow ng gt epg: - ascertaining of three-dinensional image information (62)

with consideration of the transit tinme and/or phase position of the |ight,

- evaluatign ofpdie é&&?&nqiwaaﬁ PNSarbdiBedi i kiRt TR bPAludthly MEFBE™M bag of a
state, - classification of the state (66; 68), and - triggering of a

si t uat i on-eRIpintegratioadeetbed.(67; 69). 13. Method according to claim 12,
wherein the followng step is carried out: recognition whether a person or

an object is located in the area to be nonitored. WO 2004/ 084556 22 (64,
65) . 9. Device according to any one of the preceding claims, characterised in that the light

source radiates light in the infrared range, wherein the source is preferably a light-emitting
diode or laser diode. ‘

10. Device according to any one of the preceding claims, characterised in that the
sensor group is an image sensor connected with a CMOS processing chip.

11. Device according to any one of the preceding claims, characterised in that for
reducing extraneous light influences a double scanning is undertaken in which the area to

be monitored is scanned once with and once without light.

12. Method of monitoring a lift area, wherein light which was reflected in the area to be

monitored is detected by a sensor (9; 39; 79), characterised in that the method comprises

the following steps:

- ascertaining of three-dimensional image information (62) with consideration of the
transit time and/or phase position of the light,

- evaluation of the three-dimensional image information for recognition of a state,

- classification of the state (66; 68), and

- triggering of a situation-adapted reaction (67; 69).

13. Method according to claim 12, wherein the following step is carried out:

- recognition whether a person or an object is located in the area to be monitored.



PCT/ CH2003/ 000181 14. Met hod according to claim 12 or 13, wherein the

eval uation of the three- dinensional inmage information is based on

t hr ee- di nensi onal mat hemati cal operations. 15. Method according to claim 12,
13, or 14, wherein at |east one of the following states is recognisable: -
nunber of passengers in the |ift cage or in the access area (lobby) in front
of a |ift weheftos4s56 nunber of persons erering or | eavi PGI/CH2003/000181 -

directional flows of persons, - overload, - incorrect |oading, -
obstructiqpg dg). the door region, - need detection, - novenents, - door
gap, - p05|t|on of the Iift door, - closing behaviour of the lift door, -

object in the region of the Iift door. 16. Software nodule (90) for use in a

processi ng deviggnbd SaccoRiingdo 88im of2 dr ! 13, t whershe e rbvbm%tl@c)@'éfomen%réé eps
can be performed by the software nodul e whén this is executed by th

processi nglimensienal (mage iptprmation igGpsed orifveardimensionsl mﬁ'ihé@aﬁi?ﬁ‘r@ﬁgfaéiﬁ%ﬁ i mage
information (91), which is provided by a three-dinensional sensor in an
area to be nonitored, in order to recognise the state of the area, -
recogni ti o of Methedmscerdingoto daimed?s18.non ik wherain ableasbone ofndhe fallowing -

cl assifi Caétét@é‘ls(rgg’égnﬁgabkhe state, - triggering (94) of a situation-adapted
reaction.
- number of passengers in the lift cage or in the access area (lobby) in front of a lift

shaft,
- number of persons entering or leaving the lift,
- directional flows of persons,
- overload,
- incorrect loading,
- obstructions in the door region,
- need detection,
- movements,
- door gap,
- position of the lift door,
- closing behaviour of the lift door,

- object in the region of the lift door.

16. Software module (90) for use in a processing device (19, 20; 50; 80) of a lift,
wherein the following steps can be performed by the software module when this is
executed by the processing device (19, 20; 50; 80):

- evaluation of three-dimensional image information (91), which is provided by a
three-dimensional sensor in an area to be monitored, in order to recognise the
state of the area,

- recognition of persons and/or objects in the area (92) to be monitored,

- classification (93) of the state,

- triggering (94) of a situation-adapted reaction.



