FLOOR POSI TI ON DETECTI ON DEVICE  The invention relates in particul ar
to a floor position detection device of an el evator system according
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parti cul ar, to P vei doefa Eilirgplle and cost-effective device for
reliably detfect ng a pos? i'on of a floor of an el evator system 20
The object is achieved in accordance with the invention by virtue of

the features, oficl LMl FLNCE GROPAEMRALS g & deit obl7bBS a1,

i ndependent clains a subor di nate clar ns. e invention
rel ates to &¥|®B6aNposIT i BhiEkt eeviige débi ca@rofban deltegacsr wysh emn

having at | easdvadd r Hapsens@hsungbribal coaprd sesigodl r stheHablevice
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The object of the invention is, in particular, to
provide a simple and cost-effective device for reliably
detecting a position of a floor of an elevator system.
20 The object is achieved in accordance with the invention
by virtue of the <features of «claim 1. Further
embodiments are evident in the independent claims and

the subordinate claims.

25 The invention relates to a floor position detection
device of an elevator system having at least a first
sensor unit that comprises a first Hall sensor and that
is provided for the purpose of sensing at least one
floor position characteristic, and having an evaluating

30 unit that is provided for the purpose of evaluating the
floor position characteristic in order to generate a

floor signal.

It is proposed that the sensor unit comprises at least
35 a second Hall sensor and the evaluating unit that is
provided for the purpose of evaluating at least two
floor position characteristics in order to generate the
floor signal. By involving at least a second Hall

Sensor, a simple and cost-effective solution to



reliably sensing the floor position characteristic is achieved. The
term"floor position characteristic" is understood to nean in this

context, in rgd e signal froma Hall sen t IS Of
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Preferably, e-eva g un . nchronizi'ng unit can be
enbodi ed at NRégsiragartival |(WWHN) ond piheceigreveveon jthej sensors.

fundanmental |y al so possible to separate these units.

The term “full width at half maximum” is understood to
300 mean in this context, in particular, a spaced
disposition of two positions of a Hall sensocr, in which
a signal from the Hall sensor corresponds to 50% of a
maximum amplitude generated between the positions by
means of the magnetic means.
35
In addition, it is proposed that the floor position
detection device comprises an absolute position system
and a synchronizing unit that is provided for the

purpose of generating the floor signal and for



In an advant ageous enbodi ment, the evaluating unit 20 conprises at
| east one electronic circuit that is provided for the purpose of

conparing am%ﬂ%¢é¥222§§%$alog signal s §r0n1the atﬂdyyﬂfﬂqxq/gygs%%m

sensors and I n i dentical anplitudes changi’ng“at east
digital switching state, as a consequence sensing a 25 matching of
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a floor is timed precisely gnd said matching can be processéd in a
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Preferably, dhwelal gebeaiselsitgn @fsoniowf ofha sigsat s ihr am atpleashd
two Hall .sensors, can_be reversed (inverted neans .of the oo
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signals 35 angdkpwnd0 agpeLseR,gki bhed JndRg artoodsefon  of  an

elevator cabin inside an elevator shaft, roughly in
accordance with the publication WO 03/011733 Al, in
10 which a functioning method of the absolute position
system is described in detail. The term “synchronizing
unit” dis understood to mean in this context, in
particular, an electronic unit for processing
substantially digital electrical signals. Preferably,
15 the evaluating unit and the synchronizing unit can be
embodied at least partially in one piece. However, it

is fundamentally also possible to separate these units.

In an advantageous embodiment, the evaluating unit
20 comprises at least one electronic circuit that is
provided for the purpose of comparing amplitudes of
analog signals from the at least two Hall sensors and
in the case of identical amplitudes changing at least
one digital switching state, as a consequence sensing a
25 matching of absolute height 1level positions of the
sensor unit and of the magnetic means in the elevator
shaft at a position that characterizes a floor is timed
precisely and said matching can be processed in a form
that allows further processing in an extremely simple
30 manner. Preferably, the algebraic sign of one of the
signals from at least two Hall sensors can be reversed
{inverted) by means of the electronic circuit and added
to the signal from the second Hall senscr. Established
methods for electronically subtracting analog signals
35 are known to a person skilled in the art. As a
consequence, an identical signal level from the two
Hall sensors can advantageously be converted into a
signal level of the magnitude =zero, which signal level

can be detected in a simpler manner. In particular, by



consequence, an identical signal level fromthe two Hall sensors can
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detection dedltien.i s i ncreased in a sinple and cost-effective manner.
Preferably, the third Hall sensor can be attached in a mddle
position in relation to the two other Hall sensors, so that any 25
mat chi ng of TthelanpMrthgds WioRIRed| ghat s theorfaoy | 8L Lt worRgllses

sensors withwan addi td onad rgomgliti eAnshat ah8 tRePEVRULELEhEdunit is
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context a ckogestlspacgdsdispasiddtttafon hgethégeibalinsensys mth
regard to t@ﬁn&ﬁ%ﬁ%ﬁhﬁ cost-effective manner. Preferably, the third
| Hall sensor can be attached in a middle position in
relation to the two other Hall sensors, so that any

25 matching of the amplitudes of the signals from the

first two Hall sensors with an additional condition

that is to be fulfilled simultaneously can be coupled

te a minimum amplitude of the third Hall sensor in

order to increase the reliability of the flcor position

30 detection device. Information from the absolute
position system can be used advantageously for the

purpose of moving an elevator cabin into the proximity

of a magnetic means at a position that characterizes a

floor in order to avoid erroneous interpretations of

35 the signals from the three Hall sensors as a result of

stray fields and adjacent field lines of the magnetic

means. The term “into the proximity” is understood to

mean in this context a closest spaced disposition of

the three Hall sensors with regard to the magnetic
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advant ageously conprises at |east one electronic conp
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used adyant ageous| or.the_purpose of defining proximty situations
of the \s(gnsoﬁq’%ﬂa[gﬁ% the nBgn&fitc?t z}ﬁéﬁé'nd S Eﬁtehe %‘W%%Ee op 287
filtering owWldatmrcial ndicdence Peefereblany er roieousmswd g ngfor a
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eval uating alefierst fdye &l o@urposict i ongharacher isiteshéndordes ta
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characterizing a floor advantageously can be detected

20 in a particularly simple manner by changing a voltage

level at a comparateor output. The voltage level of the

comparater output can be used advantageously for the

purpose of defining proximity situations of the sensor

unit te the magnetic means and for the purpose of

25 filtering ocut in a coincidence circuit any erroneous

switching signals that can arise from evaluating the

other Hall sensors. The electronic comparator circuit

can be embodied with individual comparators or as a

window comparator. Established methods for this purpose

30 are known to a person skilled in the art.

It is further proposed that the sensor unit comprises
at least a fourth and a fifth Hall sensor and the
evaluating wunit is provided for the ©purpose of
35 evaluating at least five floor position characteristics
in order to generate the floor signzl. By involving a
fourth and a fifth Hall sensor, it is possible in an
advantageous manner to exclude further possible

erronecus interpretations of the signals from the first
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cost - effectlve nanner %ﬁeferably, the ourth and the @@%ﬁgg
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|nterpretat|ons of S|%na s fromt Sensors ca erella

excl uded 20 @A ¥ é’oﬁlndtlé%sts—]@ﬂaé@t i fEomariEse | Haild proparey a
that the serﬁcolralttrw e@rrmlﬁegnetlt:eeﬁtewoggﬁeeetég MBANS hdhedliQ
al | ocat to a n floor. r}/cﬁ’@' gtwomanetl nmeans at

char act izin?'i?gari% & tHGHS T (R Ao 1% Qisa ' e to increase
the reliability of the floor position detectlon deV|ce in a sinple

ang cost ef (56t Le ML, AN pgeousLy, Chodhalnl he, sensr
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of an el evataamssian 3@4::@& NP ¥ rdeherprokingi aytoniagf cooncidenge of

consequence QfHLh en&etiegl\telzgds@ignétevetoﬁll %@Cﬁaﬁ %Qgsors,

el evator _cabin to the second nagneti ¢ neans of | oor can
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cost -
20 in a simple and cost-effective manner.

It is proposed that the sensor unit comprises at least
'two magnetic means that are allocated to a common
floor. By using two magnetic means at characterizing
25 positions of the floeor, it is possible to increase the
reliability of the floor position detection device in a
simple and cost-effective manner. Advantagecusly, the
fact that the sensor unit recognizes a first magnetic
means can be used as an indication of an elevator cabin
30 being in the proximity of a floor, as a consequence of
which a relatively short travel distance of the
elevator cabin to the second magnetic means of the
floor can be determined in a particularly precise
manner Dby involving signals from the Hall sensors,
35 which signals are generated by the second magnetic

means.

In an advantageous embodiment, the floor position

detection device comprises at least a second sensor



5 effective manner. An el evator system having at | east one el evator
cabin and having a floor position detection device, wherein at | east

the first se@(?%m%ijf}é.,é%grranged on the 10 el evat gcwggll@é%sgg

consequence Ich a particularly ,sinple and cost-
solution is achieved together with a particularly small outlay with
respect to afPihstadtaftiBatirRdedererepdaptly faRBaibst 41inp talssgsor
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i ncl ude nunmerous features in conbination. A person skilled in the art
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30el evator cabi neagtantpeeval Pt shadisoFi Gini2 ShEWSa Ar S€HS@T 3 the
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ﬁ ve | | X F‘%IO a
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el evat or cahjf. . Ve; J n_el evat or shaf T en
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units are provided for sensing in each case a floor, position
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first 10 serseirasddrilBny yosiveonf offhecHacklthatoa magiiel i endeans
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20 Further advantages are evident from the following
description of the drawings. Exemplary embodiments of
the invention are illustrated in the drawings. The
deécription and the claims include numercus features in
combination. A person skilled in the art also knows to
25 consider the features individually in an expedient
manner and to create further combinations in a

purposerul manner. In the drawings:

Fig. 1 shows & part of an elevator system with an

30 elevator cabin in an elevatocr shaft,

Fig. 2 shows a sensor unit having five Hall sensors
and a schematic illustration of & process of
evaluating their signals and

35
Fig. 3 shows an electronic circuit diagram of an

evaluating unit and a synchronizing unit.



15 the Hall sensors 40, 42, 44, 46, 48 during the approach of the
first sensor unit 18 that conprises the five Hall sensors 40, 42, 44,
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30 The second sensor unit 20 that operates independently
from the first sensor unit 18 is used for safety

reasons in order to generate a redundant floor signal
56.

35 [Each of the two independent evaluating units 50, 52 is
electrically connected to a synchronizing unit 58, 60
and arranged 1in a common hecusing 70, 70" . The
synchronizing units 58, 60 are provided for the purpose

of generating the floor signal 54, 56 from the
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a closed-loop control process. The control unit 74 1is
provided for the purpose of testing the floor signals
54, 56 of the synchronizing units 58, 60 as they are
20 received and in the event that the conditions stored in
the control unit 74 are fulfilled with regard to a
timing match of the two floor signals 54, 56 for
reading back the absolute position data of the absolute
position system 72 and storing said data in a storage
25 element of the control unit 74.

The exemplary embodiment illustrated in figure 1 of a
floor position detection device comprises for
redundancy reasons two sensor units 18, 20, which
30 operate independently from each other, independent
magnetic means 28 and also 30 and 32, two independent
evaluating units 50, 52 and two independent
synchronizing units 58, 60 in order to generate the
floor signals 54, 56. Fundamentally, the floor position
35 detection device can, however, also be configured with
one single sensor unit 18 or 20, one magnetic means 28
or 30 and 32, one evaluating unit 50 or 52 and one

synchronizing unit 58 or 60 for generating a floor



35 that characterizes the floor 16. The analog signals 76 fromthe
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di gi t al 2%i gifdISs TENABLE A hEnENABLE BD (the e it umit 500. The

conprises akwo Hall sensors 42 and 46 are the main sensors and are

arranged at the second and fourth position of the

Sensor unit'18. The Hall sensor 44 is described as an

enable sensor and is arranged centrally. The Hall

25 sensors 40 and 48 are located on the cuter positions of

the arrangement of Hall sensors 40, 42, 44, 46, 48 and

are characterized together with the Hall sensor 44 as

polarity sensors.

30 The middle part of figure 2 shows a schematic
illustration of the analog signals 76 from the Hall
sensors 40, 42, 44, 46, 48, which signals are combined
for eveluation purposes, as said Hall sensors pass by
the magnetic means 28 from figure 1 at a position 22

35 that characterizes the floor 16. The analog signals 76
from the five Hall sensors 40, 42, 44, 46, 48 are
processed in the electronic circuit of the evaluating
unit 50 in accordance with the middle part of figure 3.

The right-hand part of figure 2 illustrates the digital
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out put vol tage of the operational er 90 represents the digital
signal POL. 20 The synchronizing unit 58 conprises a logic circuit 98
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identical amplitude changlng a digital switching state.

The signal CLK is generated in that the analog signal

15 76 from the Hall sensor 46 is subtracted from the
analog signal from the Hall sensor 42 in an operational
amplifier 80. By adjusting the electrical resistances

in a circuit of the operational amplifier 80, the
different sensitivities and minimum spaced dispositions

20 between the Hall sensors 42 and 46 and the magnetic
means 28 detected during a training run are compensated
for. As a consequence, an identical amplitude at the
inputs of the’operational amplifier 80 corresponds to

an identical spaced disposition of the Hall sensors 42

25 and 46 from the magnetic means 28 that is arranged at a
position 22 that characterizes the floor 16. The
methods necessary for determining the resistances are
known to a person skilled in the art. A zero crossing

of a difference in the signals 76 from the Hall sensors

30 42 and 46 results in a change in an output voltage of
the operaticnal amplifier 80. A digital switching state

of a further operational amplifier 82 connected
downstream in order to generate the signal CLK changes
with the level of the ocutput voltage of the operational

35 amplifier 80 relative to a reference voltage V_REF.

In order to generate the digital signals ENABLE A and
ENABLE B, the evaluating unit 50 comprises an

electronic comparator circuit 84 that is provided for



condition ensures that the evaluating unit 50 then only 30 reacts if
the sensor unit 18 is located in the proximty of the magnetic means

28. The out pb 9511}1@974;3%50 circuit 100Jjs at the F&ie/tg(f'gz‘el@‘&a(ﬁ)ﬁvagém

O-flip- flops 102, 104 Ich react to positive rising’'e ose
clock inputs are controlled in each case by the 35 signal CLK and/or
the invertedt%% KOSTRREF. OThe1ghbl7h0Er £EBE GRFACHUEHERS lof’ & Heom the

O-flip-flopsHare ewakuated.i Byaneegisc NAND Logi stehesent ri06t Wi oJ¥
corresponds to an condition,ta.the non-inverte out put.s., l.n
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FVRLE D20k, nelyt 1108, S DSLLIP vk L 06 B
- PCT/ EP2010/"0%58599 Cfai ms 1r9¢¥3tourcposrironidet &8t i onf dedi cdvafthay
el evat or operational amplifier, the signal ENABLE B = ™17 is
generated if the analog signal 76 from the Hall sensor
44 is below a negative voltage threshold of -60 mV.
10
A further operational amplifier 90 represents a further
comparator circuit 92, which compares a fixedly set
reference voltage 94 with an amplitude 96 that is
combined from the signals from the Hall sensors 40, 44
15 and 48 and which changes its digital switching output
if the combined amplitude 96 exceeds and/ocr is below
the reference voltage ©24. An output voltage of the
operational amplifier 90 represents the digital signal
POL.
20
The synchronizing unit 58 comprises a logic circuit 98
of electronic logic modules as means for determining a
timing coincidence of the combined and digitized
signals from the Hall sensors 40, 42, 44, 46, 48, i.e.
25 of the digital signals CLK, ENABLE A, ENABLE B and POL.
An output 100 of this logic circuit 98 is switched to a
voltage level logic ™17 if ENABLE A is “1” and POL is
“0” or if ENABLE B is “1” and POL is “1”. This logic
condition ensures that the evaluating unit 50 then only
30 reacts if the sensor unit 18 1is 1located in the
proximity of the magnetic means 28. The output of the
logic circuit 100 is at the reset inputs of two D-flip-
flops 102, 104 which react to positive rising edges and
whose clock inputs are controlled in each case by the
35 signal CLXK and/or the inverted CLK signal. The two
inverted data outputs of the D-flip-flops are evaluated
in a logic NAND logic element 106, which corresponds to
an OR condition to the non-inverted data outputs. In

the case of an identical amplitude of the Hall sensors



system (10) having at least a first sensor unit 5 (18) that

conprises a first Hall sensor (42) and that is provided for the

pur pose of t one floor_ i_tion charagt ﬁ§g§

havi ng at Igﬁgt %%% evaf%%tlng unit (5 Q§that IS provi eg%Pq? 9

pur pose of evaluatlng the floor 10 position characteristic in order
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(50) is pro d t h rpose of _eval g at t fl,oor, _,
bost t1 on’ 16cHil a1 erve Radl] RSGFacr FBeHtneP L evinE BRosP Jogia 1
(54), charadmtigatciatddad fheoevalgradl nigd unit (50) corrprlses at

| east one electronic circuit (78) that is provided for the 20

pur pose of conparing anplitudes of analog signals (76) fromthe at

| east two Hall sensors (42, 46) and in the case of an identical
anplitude changing at |east one digital switching state. 25 2. The

fl oor position detection device as clainmed in claim1, characterized
by anabsol ut eposi ti onsystem 72) anda synchroni zing unit (58) that is
provi ded for the 30 purpose of generating the floor signal (54) and
for synchroni zing a read-out of absolute position data of the

absol ute position system (72) with the floor signal (54). 35 3. The
floor position detection device as clainmed,in any one of the
precedi ng cl ai ns,



characterized in that the sensor unit (18) conprises at least a third
Hal | sensor (44) and the evaluating unit (50) is WD 2011/076533- 15

- PCT/ E22010/ 8§(?§] L gded for the purpose of evaIE;taIt' t ee‘%?
three fl oor ‘[9)(29 |o'ﬁ6'gi¥|%$§cteri stics inlglorder to gene/g‘{%oﬁ‘r?e)of c?r9
signal (54).cp,4.,dhe floor position detection device as clained in

any one of the preceding clains, characterized in that the eval uating
unit (50) conprises at |east one electronic conparator circuit (84,

92) that is {10 provided:f iodtihg RUrROSE-Ofodi Gkl zbNG AN ANYIQG st oy
signal (76) fromat |east_one of the at |east three Hall sensors (42,
44, 46). 5. The f3%6r"posi Pl olradeett fbn IddAtces atf Irddst SaBSa5c Uailited
in claine3, charagctserizesti dopat skle Sensest Uial 1( IBn £OMPILSES aalg
least a fourth ar]cqla%fiitst hpygxlridggn %rr( 4Qh§8)p%nr%c¥shee of sensing at
least one flcor position characteristic, and
having at least one evaluating unit (50) that is
provided for the purpose of evaluating the floor
10 position characteristic in order to generate a
floor signal (54), wherein the sensor unit (18)
comprises at least a seconleall sensor (46) and
the evaluating wunit (50} 1is provided for the
purpose of evaluating at least two floor position
15 characteristics in order to generate the floor
signal (54),
characterized in that
the evaluating unit (50) comprises at least one
electronic circuit (78) that is provided for the
20 purpose of comparing amplitudes of analog signals
(76) from the at least two Hall sensors (42, 46)
and in the case of an identical amplitude changing

at least one digital switching state.

25 2. The floor position detection device as claimed in

claim 1,
characterized by
an absolute position system (72} and &
synchronizing unit (58) that is provided for the

. 30 purpose of generating the fiocor signal (54) and
for synchronizing a read-out of absolute position
data of the absolute position system (72) with the
floor signal (54).

35 3. The floor position detection device as claimed in
any one of the preceding claims,
characterized in that
the sensor unit (18) comprises at least a third

Hall sensor (44} and the evaluating unit (50) is



evaluating unit (50) is provided for the purpose 20 of evaluating at
| east five floor position characteristics in order to generate the

f1oor signalyd 54911 Po7diesf! oor position Qetectionm/j@ﬁ%ﬂsagp{%i
e uni

in 25claim3 or 5 aracterized in that the synchroni'zing u
conprises neans for determ_ning a timng coinci dence of conbi ned and

digitized signal P¥TOH e IREl [CR2NOYFOOEE0, 042 eVEgHALiNG, aB) lepst
The fl oor positiathat e€libor deiaeicas ehargefekNsanysone, obribe to

precedi ng cl ai ns, characterized in that 35t sensor unit (20)

conpri ses at Ieasqqulﬁ)aa?%&{b?i@%n%l?% Jthat are allocated to

a common floor (16). WO 2011/076533- 16 - PCT/EP2010/068599 8. The

f1oor posit on deigetpfoferbeeraSnCl iRl ih AN 8 thined in
o ze y at Teas n

precedi ng cl ai ns, aracter _ . a second Sensor unit
(20) that functi iy Sinfleferidentisedading L Hinsst sensor unit (18) in

characterized in that

the evaluating unit (50) comprises at least one

electronic comparator circuit (84, 92) that 1is
10 provided for the purpose of digitizing an analog

signal (76) from at least ong of the at least

three Hall sensors (42, 44, 46).

5. The floor position detection device at least as
15 claimed in claim 3,
characterized in that
the sensor unit (18) comprises at least a fourth
and a fifth Hall sensor (40, 48) and the
evaluating unit (50) is provided for the purpose
20 of evaluating at least <five floor ©position
characteristics in order to generate the floor

signal (54).

6. The floor position detection device as claimed in
25 claim 3 or 5,
characterized in that
the synchronizing unit (58) comprises means for
determining a timing coincidence of combined and
digitized signals from the Hall sensors (40, 42,
30 44, 46, 48).

7. The floor position detection device as claimed in
any one of the preceding claims,
characterized in that
35 the sensor unit (20) comprises at least two
magnetic means (30, 32) that are allocated to a

common floor (16).



order to generate a redundant floor signal (56). 9. An el evator
system (10) having at |east one el evator cabin (12) and having a
floor positigy Jd@feiesésep device as claimed in any ﬁoﬂdﬁ)sasw
precedi ng clains, characterized in that at Ieast the first sensor

unit (18) is arra ged_on the el evator_ cabin C2)CI)i 15 10 A _met hod for
detecting th@ post ?oﬁlﬁ?rapﬂs&&loﬁaﬂeﬁ&%ﬁqrb e‘b%%‘?t?%ncéétlé‘@ﬁ ot
device as clai netaiy @iy oneclod wrededidg tolPimgharacterized in that
20t he fl oor pomt&oraaguaracte |st|cs of the at least two Hall sensors
(42, 46) are eval Uua inor er ¥o generate the floor signal (54).
11. The method asi| béard &nselcanm KEnRschanact ¢2Dzedhien thatcttihes

fl oor signal (54,; rﬁ?__)péaﬁd%m EpLLI ahRs A apsal z{%’%rp%fﬂ Og ?for_{%

provi ded by neans te position system toac
unit (74). order to generate a redundant floor signal (56}
9. An elevator system (10) having at least one

elevator cabin (12) and having a floor position

10 detection device as claimed in any one of the
preceding claims, '
characterized in that
at least the first sensor unit (18) is arranged on
the elevator cabin (12).

15

10. A method for detecting the position of a floor

having a flocor position detection device as
claimed in any one of claims 1 to 8,
characterized in that

20 the floor position characteristics of the at least
two Hall sensors ({42, 46) are evaluated in crder

to generate the floor signal (54).

11. The method as claimed in claim 10,
25 characterized in that
the fleoor signal (54, 56) at least initiates an
absolute position being provided by means of an
absolute position system (72) to a control unit
(74) .



