;e3e4(6T4Y_#r L r 1 Door state nonitoring by sans of three-di nensional
§ensolr The subject of the invention is a device for door state nonitoring
according to the introductory part of céaim1l, a method for door state

nmoni toring according to the introductory part of claim13 and a software
nodulge for door state nonitoring according to the introductory part of
C¢laim16. Lift systems conprise at |east one Iift cage which is novable in
alift shaft or freely. , 3 e.Jhe lift cage is nornally

FOQU EAIEMERIGTING O eS| FUeNSIANALSENRBt t door in each storey.

Mechani cal , magneti c, |nduct|ve or simlar switches are frequently used for

noni tori ng the door In dd|t on, optical systens

" ght “bar Tne SR G o Gretehgs. S iee: IR Qo e nmoria o srerdie dirBe
suppl i ed wittdaueort dart bhicRimat | @nmetrfcmr f@’Xdﬂiﬁﬂ etat@bmwtohhg &dcotdingfto t the
doors - b att achnen ' n content is

f._that the i r mat
OO e RRBIEAL S, St P2 e IR S, gt PR oDl PAAREERS Por
exanpl e, tWoingbaldtsry partdf tRIm ef or mat i on whet her the door is open or
closed). In order to be able to build up a nore conplex nonitoring system
there is needed, for exanple, a conbination of several swtches and |ight

barriers. Lﬁpéysté?ﬁélbcbmphseraiaéaslt@ne lift g&ige Which imavabile In gt smfaén' aeng anger

Lhose ki ndenBRorLiptia. oo F BeagiRnariRly bfiared BE P RS oRb SR Ut FE St Bt

65 m || i sepamdsonihieabnh stdresertai n circunstances can be too |ong. Opti cal
systens, in particular, have certain advantages since, by contrast with
mechani cal solutions, they operate in contactless nmanner and are not

subj eclt t (MavhpEnicaIc hﬁ@héﬁd ind@dtive ML&II&P&H%&H?ﬂfreFW@jnxemli bsefrmtroe nﬁihif@ﬂn.@(the

optica systemss inthe field,o ifts t i nf ormat { onal.. power

R Pt oors & £l s PoadtlinesPtcl Svpiel. 14 AR Gl actera rlehh 8 taBybody

SL ands i ncbhe eaousd. eghengtathvm?t@ﬁpm bgth reeeai@ninfoedatidre r Fér dSka@rﬂ:iIé cal

p otosensors even _epa tection r i ma

mechani cal@§ eﬁ‘ar?aPJtE" Py tfyo?ﬁ? e“?%PPQ%iH‘HI"g %WIBP’S’ggP‘%I‘gn

These sens:@m%narseel@ww irhddd; @inda @ swdigh lig/only in a position to indicate, for example two
states (digital information whether the door is open or closed). In order to be able to build

up a more complex monitoring system, there is needed, for example, a combination of
several switches and light barriers.

For technical reasons, light barriers or light gratings no longer function reliably with a door
gap less than 5 cm. This is a disadvantage of those kinds of solutions. In addition, the
reaction time amounts to about 65 milliseconds which in certain circumstances can be too
long.

Optical systems, in particular, have certain advantages since, by contrast with mechanical
solutions, they operate in contactless manner and are not subject to any mechanical wear.
Unfortunately, even with more complex optical systems such as used in the field of lifts the
informational power is limited to a few states. For example, it can be detected whether
anybody stands in the door region and movements can be recognised.

Certain optical photosensors even enable detection of three-dimensional images, wherein
mechanically moved parts in the form of, for example, mirrors are used. These sensors
are complicated and costly.

By lfllllfllllf!!lf[l!i!l!!!l!l!ﬂltlﬂ(lll
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2 A systemfor nonitoring lift doors, which operates with a preprogramred
Pprocessor, a digital caner.a, an analog canera or a video canera, is known
from PCT Patent Application WO 01142120. This represents the cl osest state
of the art. The camera delivers a sequence of two-dinensional inmages,
through conparison of which information about the state of the doors is
made-avai l abl e. This system operates with outside Iight which is captured
and received by the canmera. This |l eads to problens in situations where the
i nt ensi t yAofystdim doomesitering| |ifbﬁ@°r§hWh@Bs°R¢@t9S HNithrd PrYUPIrRYIMed BROCESERIp? e,
in the caggi@f chieilet andlogSEathé@nbr -a ot Batferd! & NGHoWn! REMCPEES Folht

i mage bri ght ness. Conversely, the use of such a canera for the_stated
pur pose cénpligagen %OpQUﬁ?%t ﬂ'B'SV\W@FESFH'@ et Joepst staigiof he @t | Jhpreamaig i s

not suffi Hélflé s a SE uénc@%ﬁ ?\% H%erfsﬂfnaﬂ%ge?tﬂFd%xgﬂ%HpQFlé&goft\DﬁEh Hﬂﬁ'matuon

noni tori ng ncti O s saf and reliab I n cl rcunst ances. pendence
on out si deboytghe sltajemfmﬂ émrﬁlls: nfadgrﬁwaﬂatﬁe V|T@Wp@\rs¢ﬁm opetased Wity OLU@IQGhEthCT

patent apphhal bgﬂu%dq Set&y §@1@rbaﬁ%999?h|5'lé¥asft8ﬁmﬂléﬁé Pmrkltﬁﬁﬁéﬁs%ﬁbre
matching) is used 1n order to l e to eval uate e sequence O

t wo- di men¥ieointansityngfy s ONSWSHQ@FTPW&N%QSIQHWIQ%M-deh@éaW*?h"‘tﬂi‘é eggePfPCT
patent ap 1 n a

patent <P PckeRt ensyibh LR GLER03H A0 doBBOSE RRABTK GRS, 2CohA ST e
novement d&e oEsHehe qa@qg@f,cgn the statech purpese £98 algo BeiErebiernatis- wWhere e ewfaidpy
oper ati ”QIJ@%{S%@HP\ +ﬂ? ﬁty isehdt Aufitlet. | MNisTd3BRhaY For @ﬁroﬁﬁé%&gtoﬂf\%ttﬂ& the

supplied I mensi onal sem conduct or sensors enabl

t hr ee- di rrmo@it@mg fttn@tl@t:st $afﬁlycﬁ’nd| eiRRly imabcihedmyancgse A slerandensn by qutsidet hat
kind are e

Sncor e S0 IR o (U RAppIoageruRLf, Lt Fageabiipglfs Pasgh
Mengel et pattern rsregnien fA@ulemfpmaHer@ matehing) @g‘-}segépﬂtﬂﬁféﬁtbe emjmtqb nvaluate

Cer ke %%&l{%ﬁ&e SK@SaPAHmeha R REGAR lsyrgtérn%Jpgfég .@accar%@ggﬁgéﬁgséor
| nt er nat i Gl pstﬂnt @psﬁm@l@n @/Itfbtwq-élrr@@ﬁlpéalewmesm@otzmkel@ stalemanioBpewt of
the i nvenigpihdg %ep% tﬁ@mérn?uﬁcﬁ%ﬁfect gﬁ@n@%drﬁqbv&hérﬁ &@%ﬁ&sn@ of

doors, particular tate o doors Is a

obj ect of Ppﬁ%bmnkﬂet%@lcéﬁﬁ pbsycha weedigensipnally| apesatingfsterL. 28ty ha ﬁalévlé&@n on
agai nst b%@&.@#@@moes& of thblsuf9iRESmagesd According to the invention t hese
objects are net in advantageous manner by a device according to claiml, a
nmet hod according to claim 13 and a software nodul e according to claim16.

Advant age@r%ﬁeéie—w@n%ﬂsme?m@éndtu%r BN BRAIAY Qm@efd.rﬂa%.&w HB@cﬁ’&PGﬂﬂ%

clainms 2 to . The invention is explained in nore detail i'n the
fol | owi ng mfwna/t@y aw k@%mrpﬁensqm ehthatdfing ared@owy fipmuipryamnle, thhadisle "Fagls. 1
A 1 B shewn3ehrizg rn'goo;ptmroysemrqtrréyhmg@{ Mlﬂfplé‘DbhElE syMlor.aqesmféa%uon

accordlngtothelnventlon shows a schematic di agr am of

sensor acdé¥PdihgP: Menge! |€\‘1v%nt§‘%me”%'°ﬁ1 QP@@E%%lTrﬂj’h@‘élﬂglbrﬁﬁﬁ‘?rt”FPbsMU@%h 3B

show Scher@érhfang aanfu\‘t'heM@xé?ﬁmé heq8aebed i the ariéik "W ENOB SrdsSEns8E ARG to
t he invention ig hows a schenmatic plan view of the rt of alift

with a se%m%pama@uﬂs&dt%emm}%n{q@ﬂms et al., 2001 IEEE Interr?atlonal Solid- State
Circuits Conference, page 252.

It is an object of the invention to enable a comprehensive, accurate and reliable checking
of doors, particularly of the state of the doors of a lift.

It is a further object of the invention to realise a reliable and quick-action protection,

against being caught, for lift doors.



Fig. 4B shows a schematic viewof a lift wwth a sensor according to the
invention; Fig. 5 shows a schematic plan view of the doors of alift with a
sensar according to the invention; Fig. 6 shows a schematic flow chart
according to the invention; and Fig. 7 shows a schematic bl ock diagram of a
sof tware nodul e according to the inventign. According to the invention
tthere is used, for the first time, a novel optical three-dinensional sensor
in the realmof lifts. The sepsor Bs in that case Hreferabl a .

t hr ee- di meEHEPEING t%HWs'BYe'BBBrtB??%Q IPAStae Melr i AAANRGRRYs manner by a device

t hr ee- di MREbRIHY toSPMFOT, SCABIADY Bcbetding tORliE al dndansdfividre mddale Aébifingteaped
transm ssion of 1ight and a conplenmentary netal oxide sem conductor sensor
group for Me&ion of light is particularly suitable. ldeally, the 4
optical transmtter is a |um nescent diode or |aser diode which transmts,
for exanple, light in the infrared range, wherein the |ight is emtted in
Shor t pul Siyaniadgous deveiRpsients aldhe InyeRAaRATF JoTtRs BLINeSPERIENSE1a6TS 3 9 dRgt h
of several 4 &0p19f TRNRERESESxpibitRddh PilRe idStallGR tHéﬂoﬁoﬂHQP&Sﬁa?bﬁé%rﬁ@é%’_
provided with a (electric) shutter which interrupts the emtted Iight. The
di ode can,Wikuigésrence tqidsawipgs.dh WBiEPl y pul sed. The sensor group serves as an
i mge sensor converting light into electrical signals. The sensor group
preferably consists of a nunber of |ight-sensitive el enents. The sensor
group i s dughdér B vihow schemsdie sEnndewhprithedeprseXfamiift with ag@nsonaccording to
conpl enentary netal @xiglRng&ini conduct or sensor chip), which determnes the
transit time of the emtted light in that a special integration procedure
(mul tiple double short-tine integration, termed MDSI) is carried out. In
that case gihe; processing & RbmerfatEUbibaNgagENY ofBaeHEGSadcBrding @MUKl ihlémRaONdS
the distance to a |large nunber of target points in space. In that case,
dependi ng on the resYEtPIOFRESSHIRRNPTBENY | ght - sensitive el enents, a spati al
resolution of 5 mmcan typically be achieved. A further three-di nensional
sensor which apart from ot her three-di nensional sensors is also suitable
for use i FigonifedBi othax seemalic plass\deivs Phifierdorenof 3 it Wik asensonacsiosding i
measuring principle {BiNangbh:t he transit tine of transmitted light is
detected over the phase of the light. In that case the phase position at
the time of transm ssion of the light and at the tinme of reception is
conpared arg 4hie el aprRg 4 sefRn@itictdt VeRGf ik HAr0aT 4 e withd &tisbnaccpdiggto | S
ascertained therefrom For that purpose a nodulated |ight signal is
preferably enitted i WetREA®MH short 1ight pul ses. In order to suppress the
i nfluences of outside |ight, a double scanning can be undertaken in which
scanning is once with and once without  light. In that case there are

obt ai ned tWe ¥ ect r i SAWSR FeNoMAtE Yjeeohq 'tfﬁw‘i['b? PO BERAIFIRGLS KIS, InYsAen:

wi thout) able to be converted into a final signal, which is substantially

i ndependent, of stray |ight, by subtractiop, Such sensor can even he

ol ably UBGBi n t hoshartes benelnatizPlaniew O R S2am o T TLaseher SEmInGe i

l'i ght influences. Theetihveriogti mensi onal sensor is preferably realised from
sem conduct or conponents, which |eads to a high degree of reliability and
robustness. In addition, such a threedi nensional sensor is particularly

smal | and gighgbe nmadshaivastrrgeficsbow drandiccording tOyhaThgentibhoshect i on. 5

Fig. 7 shows a schematic block diagram of a software module according to the
invention.

According to the invention there is used, for the first time, a novel optical three-dimensional
sensor in the realm of lifts. The sensor is in that case preferably a three-dimensional
sensor operating in the infrared range. A three-dimensional sensor comprising an optical
transmitter for pulse-shaped transmission of light and a complementary metal oxide
semiconductor sensor group for detection of light is particularly suitable. Ideally, the



Through the detection of three dinensions there can be realised a device
which directly detects the positions of objects, the distances between
these and even the novenments and novenent directions thereof. For this

pur pose processing equi prent can be used (for exanple, a personal conputer
or a central processing unit with peri err al conponents) which executes
three-di nensi onal mat henati cal operations. This form of three-dinensi onaI
mat hemat i cal operations substantially differs fromthe previously e yed
speci al peptct arﬁSéeIBgrrrrsta.l@mlrteérrerm|dt§tdi6c9ﬁéaaﬁnri@|ded\ﬂ@rhatt@smltshforfazsam@lsaa

di fferent |r9fh%y|n?rér"e@5ran@ef\lvh§r5|nf t‘%rﬂg@tf i BRI TR Yhof! p@s&eYbC nﬁﬁ&@ﬁ@bh\ﬂ to
the invention i1's shown™in gure his Is a device for si t aneous
moni t or i ngagnet. h'éhQ:QQ}ée%@%T be oba larmthy atisemesal tterfoely ranpaeconds of headiode tis for he
lift itse} lyIpRovidédihith 3 (AkctridhuABY ivRfeh GREREA

t hr eedi rrenﬁs'sr g&rgpgé 8%@% upgct) odr sensor gcvﬁ@h nmount edubé%%tgmrttgdrh ht

t he door sThe diagel@n, haweyeraalgo e diectiopilsed. edhe |Sﬁn§mcgﬁoup peMeRAs tanamaghe
doors 12 tl

of the seqgs §BGrIERIR o Hecthal Lighak) the StrkBfaBh iR AR 41 o1,
sour ce andumbamofrﬁghgsemltivmetemmtss Theyaenseo afsviRds connaeted| withng nmcealsmgeghlon
for exa”pgfﬁ anthrﬁ {)@Mﬁ&{;} @onhdl&ﬂ&ntﬁ@ﬂﬁre@a?oxﬁ@%étﬁrébddﬂct@?ﬁ@%%ﬁ:&O\W/hrrcne

respectl \' Optl ca eam shape sen roup I'S provi h serves
as an i nagetegvinesrthaimnahitiore pbths eeited; Ig;_tﬁ in ihadr argpeal m;egn@twnoprosﬁ@reu ght
cone 18 apd,GRBV&SJote short- ﬂrth rﬁteggtrbhcf’érnédmﬁgﬂ is [QfFridd B0¢ 'l?ftﬁét"@:isbotﬂ?' S
prepar ed y a pl’ ocessing C converte into inage information

(f or examprasessing cchip $lmuttamﬁoualytmeweﬁ ireadewrailisgeandsribe dlm@r@) to adarge

exanple o naj, C

consi der a& @Bg{‘%ﬁ}atr%t rﬁor}fne?énC%F?l utﬁglsli%’ I%tabcan boéﬁi rés é!dwfer orrrﬁgeh

di st ance iightepensgigve h@meathaopetﬂalsesolutlnntOﬁé e ean h@giabhbemlomedw t he shaft
doors 14, 15 are closed and the cage doors 12, 13 still slightly open. If
the detection process is repeated after a short interval in tine, the

di st ance Antugben rresrdimensionsl sgnser whighr apan frem ather tﬂtﬁﬂ-dlgprIbealvmmtShe t wo
cage door 1.2 afafiel Ry NRS rﬂldoﬂﬁ%_ﬁfoh%ﬂqthe-rp?esghtstﬂﬁﬁ%n' @sté@oh@'d%fté?{c@
shows only a very narrow gap e repetition of detection process

pr ef er abl yneaskitd BRCiRAR irwhik tf@tfbﬁftﬂttflmﬁeoﬁttﬂné@tt@ﬂr"éht is idetecliidrueithss phase

t hree-di T3 f

W th the EopE o Tpeteny FpeEpady qa““@ e R B O
sour ce 10 thertigejofsecention i$ ednmpared awhrt@he apsreststére sotreesna@ngrfmrhemeaectrns t he
di rection oetect ttea&eﬂsheaahérefrarﬁ 'FsorRh&f ﬁrraéé@/awm@@t@hds.gwér h%bﬁ‘e?ﬁr%ﬁﬁf to
the start of an i1ntegration w ndow. 6 pul se received

sensor gr &jtedingtesd of shart gt Pepesat the doors 12 to 15 triggers, after a
transit tinme TO, a linearly rising sensor signal X(t) which, for exanple,
can be neasured at two different integration instants T2 and T3 (wherein TO
< T2 < T3)n opesé gurrjestherefugneesapfcaityide fight, aidguble seannieg ¢an be sRdemekedoor s

12 1o 15 %thch%bhﬁlﬁé?s6r¥betvt7|ﬁra°rﬁﬂ§r%vﬁfﬁé>uplrgl& IrPthlaVcé%,efthéf‘étdré%b%ﬂnédﬁﬁ/o
original intensity of the Iight pulse is detected while the |nte8rat|on

time wi nd@gcirical §|gr|ngls, (gnegewitty activedliyrpiaation, oree wiaeul @glej tﬁtt@g‘FCHtVP pd into a

measur emenhg; sﬁér?al NR¢len %tsugétfah@éu?’Hdebemtogst?ﬂqrgh?’ by lsBtr&@Sh! SR a&nsor
gradient of the intensity signa increasing fromthe tinme instant TO

can be ascéPteYPRLS. refidily Eﬁ%ﬂﬂﬁ'l the GF%OE ’F%lﬁfs"aﬁ'aﬁ'P'r‘r@”q'@‘ thencase fchapginglight
det er m negniRfaflcddius al so the spacing of the doors 12 to 15 fromthe
position and gradient. An evaluation of that kind of the light information
by the processing chip 19 makes it possible to obtain infornation not

i nst ant anegs{nfe QB N3RALE sbAkcRNY d?éﬂ@?éblﬁ‘?é’&rsé@cfrdﬁﬁ%@ﬁﬁconﬁuaéf tcoRfpohéhts,
processing takes place in the processing chip and not just in separate
pr ocessi ngVligfuigaderie. a Wﬁhsd?@'%§ftrﬁ|éﬁb'“éy pad tFOWStfteh"é pWo@@i!%QMQWFB Q:Htrﬁ?fed
out by cordiRsRaAKHI R8ndkHis parRuMy %Htaﬂlsanﬁeda‘natm ﬁta@@%d@%ﬁg@&fslyn&odtmﬁle by
different processing expressions are usable. In the case of the first

expr essi orfM3BJBPAIHGNt 0 t he i nvention, the sensor group n conprises

i ght-sensitive elenents (n > 0). Each of these |'i ght-sensitive el enents
delivers an intensity signal xn(t), the strength of which is dependent on
the intensity of the light received by the respective light-sensitive

el ement. These intensity signals x~(t) can be conbined - for exanple by a
formof superinposition - into intensity signals X(t). After this
conbi ni ng, the above-described eval uation can be carried out, in which the
time instant TOis ascertained fromthe position and gradi ent of the
intensity signal X(t). In this formof enbodinent the area resol ution of
the arrangenent |s reduced srnce several Irght sensitive elenents are

T 1 o

o, o o v . T



processed individually (preferably at the sanme tine). The respective tine
instant TnO is ascertainable fromthe position and gradi ent of each of the
Fntensity signals xn(t). The processing chip preferably has several
paral |l el channels (preferably n channels) for processing the n intensity
signals xn(t). An area resolution results with this form of enbodi nent,
since several points in space can be detected i ndependently from one

anot her (for exanple, several points of {he doors). It is possible to
ascertain the transit time TnO and thus the distance for each of these

points in space. There is thus obtained a three-dinensionally operating
sensor devhtwohithe dgtastion pelveaidimansiond taerezcandpolaalisasha davics vdveh tiedlygur e
2, 1he deupreareaieiihs of chiteis! BRPiAReS AthicknNtitbde/ af® EhEd ﬁ%sn@o&ﬁm' ng
equi pnent whi ch or exanple, 1s connected wt e sensor 9 a
communi catahorrsommmé@ureotwngﬁ erepnfe Eorrﬁhmp@r@psons)ceastm@@nwomenm@eibeaseﬂor
transfer nfor d n

sensor 9 to t E gr%ces I ng nggu(‘fopr‘?g %ng ce?&%ﬁ eqr})gélsgr"{gﬁte}nge%tﬁ BQPO;SHJ;‘?m
current seppPynesanwhizh e(xeomteeil@mmdwe@slwl majeernotwabeperfatwnsuﬁmsyfooﬁ athe
sensor 9 89 ui esl i a
manner thﬁgﬁgﬁﬁﬁﬁgﬁ at?@ﬁH%ﬁgthébgg maﬁ@gﬁgtwﬁg Pﬂé& ?ﬁ%pﬁﬂgg@é%%%gy

i nf or mat i empieyedbepesiall paitestl reeogmitiber farmulatiand evhighiaperstegwitf, foheexanife,
doors 12 possi bl e form of enbodi nent the image information is
further eygF$§F§%£G§Q§%e processi ng equi pnent 20 in order to obtain

i nformati on about the door state. For that purpose, for exanple, the state
| Dformat ! A0nAPIAIE LRI LTRIRe IR [OfeqRbaEn SOURAPR Mhis 1RT 0°!
i nformation i'S purpose the processing equip can conprise
means 23 flbis ipreodaviiefgr simyltargaystmonioongraf thercage moma& déﬁadmﬁ dosemndd.can
be, for e lic f r I r

oxanpl ¢, thed T (T gt e ro Shabh 3 SRR . | /1o PoRlef Sompfeey ¥ three.

fi xed- di s¢limenraional aegmicandistorisenserfawhich is mAented grbegegign efthegtnors 120 tan
ascer  ai N fciP RAFRRT G HOrdH, HPLIchURaRL A thEBoSHs ARl 18 6 RLOLY at least
corresponds w th the target ormat 1 on this case can be ass

that the ¢aglysinibe detemﬁbrarfaegeﬂasé&iof tbersansera®.géhe |sam$mrmmpoaes wlaeharwmdeh

t he proce S be
pr edet or R o B B e e B S ARl e
each it emregion afogexanhm By thatforonof a kghisonear, rﬁomltﬁmfdeeﬁmﬂmmontthe respeotivge

i nformati S 9
and then SiAToPaRREERES é%%r"%%reégé.@pnS@E%W'@n%ﬁhﬂﬂ%&%?ﬁf%?&ﬁﬁﬁég%%.eﬁééfﬁﬁ
stat e i nf orhigh fegaives i {@httlafpgé@thnrhyo\ﬂﬁhpf e |'ghh0<?fr?aﬂ8 and sonvariggeingaelgctrigali ch
vere det eeiglidy ThoGighe ifdhallonts BlephRRSby Bobddting 83 38t snd BbARNeAINRNC

anot her at "a short I nterval, are conpared one anot her

conpar i sorif_né_gmlflﬁ@m@élpfﬁ i1 dfopexampleyrin dhexiopmef aﬁveapﬁuﬁowqr@d distanap inage)s &
super! Mosbhiie of 8f sL&P o RS dintneloRBS H@férnceflmtagé 16TRIRubtrHed rfﬁ‘tdoﬂg'idé‘tta mtghe
time instant I's subtracted fromthe 1 ma information at t

i nstant t Sﬂnmlfledtfﬁenm biwssitAg & gan eeipferred ff,Qiﬂ the, distanse dopape € 6cthahgeaapi n
the t hr cedgRialing BboiBgER, wiabAthe i fodi e 3RS arlbQidsBl anl AdTele &IBROFh TeN!
can be inferred fromFigures 3A and 3B. In Figure 3A there is shown a

si t uat i on TSstilslighlyrePeNonl y t he cage doors 12, 13, but also the shaft doors
14, 15 are open to sonme extent at the tine instant t = 0. At the tine
instant t = T1 (see Figure 3B), an object 31 is dlsposed in the door gap.
The di st adﬁ@el FriBelioneraerss ,repqqt%a@erggsg%\yvgewﬁl igttinh ghy disdansgdmage fiér m
that the %@,ﬁtmaﬂgue@& EfisBfd. € e HaBr 950 %@fwe%ih tﬁé’iw@%aﬁé %b}svm%h&qtaggasby a

superinmposition of the two distance | ages 16, since there is obtain

t hrough t @”@ﬁp@%%og he .d(lﬁ’qanqeolfna@ﬁa‘rﬁ)ﬂ@refgret phaws. gnlifen ¥eyaraMeggpte The
profile wnbsa.tem&ma@édoh dF@éds@%P@Qr%%lyVEoW: ae'a%mﬁeeherft t.h@qnepfa%h nthe
penetration of bject 31 leads to a recogni sabl e change in

profile. A¥NdRw ﬁf H@ tafeedbwewome@eb%n Thetsizer EHof wettme we@pwrpaofcorrﬁépwor s
12 to 15, \iftenBhasdmeh Reqfail BImRligROp (S tnsiRld ) RETERIRARAI o0 reacti on.
The reaction can consist of, for eXanple, i1nterrupting the closing of the
doors 12 to 15 so as to prevent the object 31 from being caught by the
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recogni sed whet her an object is disposed in the door region, but the object
can al so be classified by conpari son operations.



The form of enbodi nent shown in Figures 3A and 3B can be extended in that
t'he processing equi prent 20 is supplied with a sequence of several images
succeeding in time. In this case the processing equi pmrent 20 can, through
sui tabl e processing of the imge information, also ascertain the novenent
direction and/or speed of the object 31 yn addition to pure detection of
the object 31. This novenent information can be used for triggering
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Figure 6). In that se, th ransit ti e.liglk S taken into
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t he eval uation of the dlstance |nfornat|on The processing equi pnent
categorises the state into one or nore known states (box 64). The net hod
according to the invention can be designed so that at |east one of the
foll owi ng states is recogni sable: - door gap,




- position of the Iift door or doors, - closing behaviour of the lift door
or doors and - object in the region of the lift door or doors. A
situation-adapted reaction is then triggered by the processing equi pnment in
dependence on the recogni sed state (box 65). In that case, these can be one

or nore of the follow ng reactions: - stpp door closing process, - stop
door -openi ng process, - slow down door closing process, - slow down door
openi ng process, - trigger |oudspeaker annguncenent, - ace a service
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11 A software nodul e 70 according to the invention use in processing
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at the lift I1s thereby facilitated, since the |light source does not have to
be manually aligned with respect to the sensor group. The alignnment of the

two COWO%”EﬁoW@Wn"#{;%dZ Be B8Vitd SfcOidingdW Ry wWeﬂﬁ'b’r?ta'dQlﬁoﬁélly comprises

pre-assenbly. For realisation of shaft door nonitoring I's recomrended to
provi de a P§eGPsEINgiaquipent egivBrirNe foriexampleats ceitispted rW'E‘EV@ﬁfe@%Qf ey wayeh aa
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per storey. Mire favourable is a formof realisation in which there is used

a sensor nHeendnfPragHost Glseytefraed state ynfornalion) Fam the sansar PHe thpfrroeegsing
equipment 20. In addition, the device comprises current supply means 22 (for example, a

voltage source) for supply of the sensor 9 with current. The processing equipment 20 is
designed in such a manner through installation of the software module that the image
information can be evaluated in order to enable monitoring of the lift doors 12 to 15.

In one possible form of embodiment the image information is further evaluated by the
processing equipment 20 in order to obtain information about the door state. For that
purpose, for example, the state information obtained from the image information can be
compared with target information. For this purpose the processing equipment 20 can
comprise means 23 for providing the target information. In that case such means can be,
for example, an internal fixed-disc memory. It is possible, for example, that the distance
image 16 shown in Figure 1B is stored in the fixed-disc memory as target information. The
processing equipment 20 can ascertain by a comparison algorithm whether the state
information corresponds with the target information. In this case it can be assumed that
the doors 12 to 15 are closed. Other target information, with which the processing
equipment 20 undertakes respective comparisons, can also be predetermined. A specific
reaction can, for example, be associated with each item of target information.

In another form of embodiment the image information is preprocessed at the hardware
side by a processing chip 19 and then evaluated by the processing equipment 20 without
comparing the state information with target information. In that case, image data, which
were detected by the sensor 9 at at least two time instants following one another at a short



In a further formof enbodi nent the processing equi pnent 20 conpares the
i‘mage 'information with one or nore reference inages in order to obtain

i nformati on about the door state. For this purpose, for exanple, a
reference image can be subtracted fromthe image i nformation. According to
an inproved form of enbodi nent the door gtate nmonitoring is carried out
continuously by a succession of nunmerous |ight pul ses and processing
thereof. Safety in the realmof lifts can thereby be increased by
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state nonitoring so that ection ai nst being pinned can be readlised.
The prot ecffqrmbemgrpaaaht&y A0 t'?fltet”h%'VP'Mv@ﬁtqlﬁﬂg RgEeMment azajhegstepnaseand
al |l ows a PRE3BArstrAophedet ected in good tinme and an appropriate reaction to
be triggered in order, for exanple, to reduce the risk of being pinned in
the door region. It is an advantage of the invention that neither the door

state monifpg idien 'Bp%n{daﬁlnﬁl{r@tc%ﬁtdeoﬂxt@fél@éd‘ﬂ tHRE AL FHc@Qﬁﬁ'g re%ﬂWe?n% 20885y S

and other neans in or at the doors. Thus, the nece55|ty provi ding cabl e
feeds in t%'%@ratrt@glwwﬁée sidathetalb can Aigt AhBe ramﬁ@ag@hﬁheraawbm #n

accor di ng digphdsBE inNHRN LN réiomeBMS titf oBjekhcardhgE Nsd %km@@namcohﬁ)ah@orbe
seen in that sensors of that kind have a relatively short cycle tinme (< 2

ms). Very PREPNSonitori ng sol utions can thus be realised. Critical stat es
can be detected nore quickly and reactions triggered at the appropriate
time. The i nventl on enabl es realisation of ponitoring systens which have a

reaction t1Me 8 PEETRPCIMYN LPWBLNebiyress 34 A aBredhy hE |9xtandedngsthatrffee
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time. In this case the processing equipment 20 can, through suitable processing of the
image information, also ascertain the movement direction and/or speed of the object 31 in
addition to pure detection of the object 31. This movement information can be used for
triggering situation-adapted reactions. If the processing equipment 20 determines that the
object moves slowly, then the closing of the doors 12 to 15 can be interrupted or the
closing movement stopped. If the object 31 is one which moves quickly, it can be
sufficient, for example, to slow down the closing movement of the doors or to interrupt this
only for a short moment. [t is conceivable as a further reaction to trigger an announcement
in order to ensure that nobody stands in the door region.



| 3 trigger a suitable reaction and, in particular and in contrast to known
‘'systens, before any contact between the doors and the detected object cones
about.. The three-di nensional sensors enpl oyed enabl e eval uati on of the
third di nension, which is advantageous by conpari son with one-di nmensi onal
systens (for exanple, light barriers) orgtwo-dinensional systens (for
exanple, light gratings or charge-coupl ed-device caneras). By virtue of
detection of three dinensions the door state nonitoring or the protection
agai nst pinning can be furnished in direct node and manner with a
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drive can be equi pped with an encoder. The information delivered by the
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the shaft doors 54, 55. The sensor group of the sensor 49 should be so oriented with
respect to the light source that it catches light which was reflected by the cage doors 52,

53 and by the shaft doors 54, 55.

In general it should be noted in the case of mounting the sensor that the sensor itself
should, as far as possible, be incapable of being influenced by external influences (objects
and/or persons, weather, mechanical damage, etc.). In the case of centre doors, such as
shown in Figures 1A, 1B, 3A, 3B, 4 and 5, the sensor is preferably arranged centrally with
respect to the door. In the case of telescopic doors closing from one side or in the case of
doors closing from above to below - for example in goods lifts - or in another mode and
manner, the sensor can also be arranged differently.

A method according to the invention for monitoring the state of a lift door comprises
several method steps. Light, which was reflected at various points in space in the



nonitoring of door |ocking or be used to conpl enent nonitoring of door

1 ocki'ng. The safety of the overall systemcan thus be inproved. The
invention can, with respect to door nonitoring, also be conbined with the
control of a lift which controls the door setting. Thus, a regulating
circuit can be built up which triggers qp appropriately matched reaction in
dependence on the respective door state. The inventive concept can be
extended in that the sensor is used not only for nonitoring |ift doors, but
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characterised in " light pulses can be emitted by the Iight source (10).
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the reaction is pr pendent on ind of deviation. 6. Device
accordi ng-t o clohjact B, the regiercefdhé itdodrrorideats. t he reaction is triggered only
when the deviation exceeds a threshold value or equates to a recognition
pattern. 7. Device according to one of the preceding clains, characterised
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In that case, these 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,

- trigger loudspeaker announcement,

- place a service call,

- trigger an emergency call,

- stop lift operation,

- continue lift operation at reduced speed,
- initiate evacuation of the lift cage,

- etc.



8. Device according to one of clains 1, 2 and 3, characterised in that an
"eval uating nethod preferably based on three-dinensional nathemati cal
operations can be performed by the processing equi pnment for the eval uation.
9. Device according to claim8, characterised in that the eval uating nethod
is based on an integration procedure. 19, Device according to one of the
preceding clainms, characterised in that the light source radiates light in
the infrared_range, gL\ﬁ/hereln the |ight sour?e is preferably a | um nescent

di ode or fSolwaps Badule 79 acerrgingdo IBYRNAY 'rgisrte PceRHRd ptRBantR) adiftdP s,

char act er is@gh inFiglvat7. t 11 SEHIERE nibdQIe70 Serfiimis TRERIIERING Atepdl WierhisCdhlad
conpl enent arégmet al oxi de sem conduct or Procesm ng chip is connected. 12.

Devi ce acHBPBf R5CTUCOPENGPretrssinp €9LBMeGtcl ai ns, characterised in that a
doubl e scanni ngyalugtiophdfcdistbhes |n|fcfanaﬂéW|(sx.(b3n"odu[b371)14/h|cia5?s dr&/l&% HP%‘ thFHeed i's

scanned once wth and once w thout Is carried out for

i nfl uences of dimensipgal sejser infthe r%‘%gfcﬁ it dARnin FEPNG c{qq%ctérgqigt@teo@f tae I“ftft

door, wherein phght which vvas reflected in the environnment of the door to
be m)nltored i s detected a sensor ‘g“f" characterised in that the nethod
conpri ses-the FB‘IGBBW&W@”ﬁ podule 723 obthestate A§9of t hr ee- di mensi onal i mage

i nformation W tiyqeARs (IBMHUIRIT3PE sittiftiohtRizptdd rehétnand/ or phase position of
the light, - evaluation of the three-dinensional inmage information (63) for

recognition of a state, - categorisation of the state (64) and - triggering

of a situahéepitvsRIheslld Pachn 8ombrs)furtA<t-mddidiod according to claim 13,
wherein the evaluation of the three-dinensional imge information is based

on three-di mensi onal nmat hemati cal operations. 15. Method according to claim

33 or 14, mg?Lgﬁt odfcel BRGith®Rensdr §hdapf k! erefarsblptaépged Sn’ £cRUSh§abRe -
oor gap w
gap mounting in or at the lift is thereby facilitated, since the light source does not have to be
manually aligned with respect to the sensor group. The alignment of the two components

can already be carried out during production or pre-assembly.

For realisation of shaft door monitoring it is recommended to provide a sensor in the region
of the shaft door on every storey. Such a fitment is relatively expensive in terms of cost,
since one sensor is used per storey. More favourable is a form of realisation in which

there is used a sensor moving from storey to storey in solidarity with the lift cage.

In a further form of embodiment the processing equipment 20 compares the image
information with one or more reference images in order to obtain information about the
door state. For this purpose, for example, a reference image can be subtracted from the
image information. According to an improved form of embodiment the door state
monitoring is carried out continuously by a succession of numerous light pulses and
processing thereof. Safety in the realm of lifts can thereby be increased by comparison
with conventional, mechanical attachments.

The door monitoring according to the invention is suitable for detecting the door state (door
position, door gap, course of the closing movement, etc.).

If a conventional communications connection for connecting the sensor with the
processing equipment is used, then, due to the safety relevance of the data (image
information) transferred by the sensor to the processing equipment, suitable measures are



17 - position of the |ift door - closing behaviour of the |ift door -
object in the region of the lift door. 16. Software nodule (70) for use in
processi ng equi pnent (19, 20; 23) of a lift, wherein the follow ng steps
can be perforned by the software nodul e when this is executed by the
processing equi pnent {19, 20; 23): - evaghuation of three-di mensional image
i'nformation (71 ), which is provided by a three-di nensional sensor in the

region of a lift door, in order to recognise the state of the lift door,
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disturbances can be reduced, whereby the trapping of persons in the lift cage occurs more
rarely. Operational disturbances of that kind can be caused in conventional lifts by faultily
functioning locking mechanisms, by contact problems at door locking check switches or by

contaminations.

An advantageous development of the invention enables extension of the door state

monitoring so that protection against being pinned can be realised.

The protection, in accordance with the invention, against being pinned allows a person to
be detected in good time and an appropriate reaction to be triggered in order, for example,
to reduce the risk of being pinned in the door region.

It is an advantage of the invention that neither the door state monitoring nor the protection
against being pinned requires sensors and other means in or at the doors. Thus, the

necessity of providing cable feeds in the door region is redundant.

A further advantage of a solution according to the invention by means of a three-
dimensional sensor is to be seen in that sensors of that kind have a relatively short cycle
time (< 20 ms). Very rapid monitoring solutions can thus be realised. Critical states can
be detected more quickly and reactions triggered at the appropriate time. The invention
enables realisation of monitoring systems which have a reaction time to recognition of
objects of just a few milliseconds. The rapid recognition makes it possible to very rapidly
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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). By virtue of detection of three dimensions the door state monitoring or the
protection against pinning can be furnished in direct mode and manner with a reality-
proximal image of the actual state of the door region.

It is an advantage of the semiconductor sensor used that this operates with an intrinsic
light component. Thus, the system is substantially independent of environmental
conditions and even functions in the dark. As a further advantage it can be put forward
that the invention can be realised without a calibrating mechanism, which usually has to be
used in the case of camera-based systems in order 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 complication is eliminated.

A further form of embodiment of the invention is distinguished by the fact that the
processing equipment is designed so that image information can be stored. It is thus
possible to document a critical process, for example the catching of a person when
entering or leaving the lift cage, by means of image information. Image information of that
kind can serve, for example, for safety evidence.

In a further form of embodiment of the invention a safety call is triggered, as a reaction, as
soon as a detected door gap exceeds a minimum dimension, wherein in the case of a sub-
critical door gap the operation of the lift is not interrupted. The lift is stopped only in the
case of exceeding a critical value. In addition, an emergency call can possibly be placed.

Advantageously the evaluation of the image information delivered by the three-
dimensional sensor can be linked with the door drive so as to enable synchronisation of
the information processing. For this purpose the door drive can be equipped with an
encoder. The information delivered by the door drive by way of the encoder to the
processing equipment can be used in the comparison of the actual information with the
target information.
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either with processing equipment or with several items of processing equipment.

The door monitoring according to the invention can either replace the conventional
monitoring of door locking or be used to complement monitoring of door locking. The
safety of the overall system can thus be improved.

The invention can, with respect to door monitoring, also be combined with the control of a
lift which controls the door setting. Thus, a regulating circuit can be built up which triggers

an appropriately matched reaction in dependence on the respective door state.

The inventive concept can be extended in that the sensor is used not only for monitoring
lift doors, but also for room monitoring. In that case, with appropriate arrangement of the
sensor it is possible to monitor, for example, the interior space of the cage or the
foreground space in front of the cage.
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10(Y2" 10%3%%@ Rat the image mfo atlon of dete ed images can be ev Iuated in order to
recognise a deviation between the images and thus to enable monitoring of the lift door
(12, 13, 14, 15), characterised in that the sensor (9) is a three-dimensional semiconductor
sensor (9) for detecting three-dimensional image information, with a light source (10)
which can be mounted in the region of the lift door (12, 13, 14, 15), which is to be
monitored, in such a manner that the lift door (12, 13, 14, 15) is disposed at least partly in
the illuminated region (17) of the light source (10), and with a sensor group (11) able to be
mounted in the region of the lift door (12, 13, 14, 15), which is to be monitored, in such a
manner that it receives light reflected by the lift door (12, 13, 14, 15).

2. Device according to claim 1, characterised in that one of the images is an image
able to be provided from a store.

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

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

5. Device according to one of the preceding claims, characterised in that a reaction
can be triggered in the case of a deviation, wherein the form of the reaction is preferably
dependent on the kind of deviation.

6. Device according to claim 5, characterised in that the reaction is triggered only
when the deviation exceeds a threshold value or equates to a recognition pattern.

7. Device according to one of the preceding claims, characterised in that the sensor
(9) is designed for mounting in the region of the cross member of a lift door, preferably for
mounting in the region of the cage door cross member.
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by the processing equipment for the evaluation.

9. Device according to claim 8, characterised in that the evaluating method is based
on an integration procedure.

10. Device according to one of the preceding claims, characterised in that the light
source radiates light in the infrared range, wherein the light source is preferably a
luminescent diode or laser diode.

11. Device according to one of the preceding claims, characterised in that the sensor
group is an image sensor with which a complementary metal oxide semiconductor
processing chip is connected.

12. Device according to one of the preceding claims, characterised in that a double
scanning, in which the lift door (12, 13, 14, 15) to be monitored is scanned once with and
once without light, is carried out for reducing the influences of outside light.

13. Method of monitoring the state of a lift door, wherein light which was reflected in
the environment of the door to be monitored is detected by a sensor (9), characterised in
that the method comprises the following steps:
- ascertaining of three-dimensional image information with consideration of
the transit time and/or phase position of the light,
- evaluation of the three-dimensional image information (63) for recognition of
a state,
- categorisation of the state (64) and
- triggering of a situation-adapted reaction (65).

14. Method according to claim 13, wherein the evaluation of the three-dimensional
image information is based on three-dimensional mathematical operations.

15. Method according to claim 13 or 14, wherein at least one of the following states is
recognisable:

- door gap width
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16. Software module (70) for use in processing equipment (19, 20; 23) of a lift, wherein
the following steps can be performed by the software module when this is executed by the
processing equipment (19, 20; 23):

- evaluation of three-dimensional image information (71), which is provided
by a three-dimensional sensor in the region of a lift door, in order to
recognise the state of the lift door,

- categorisation (72) of the state and

- triggering (73) of a situation-adapted reaction.



