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METHOD FOR MONITORING
ELEVATOR LEVELING PERFORMANCE
WITH IMPROVED ACCURACY

TECHNICAL FIELD
This invention relates to monitoring of elevator leveling

and more particularly to monitoring elevator leveling
performance which has improvements in accuracy, ease and cost
of installation, and which is feasible for the monitoring of
elevator leveling at all floors.

BACKGROUND OF THE INVENTION

The existing method for determining leveling signals for
remote elevatcr monitoring systems uses bar magnets at on
floor and a magnetic proximity prcbe assembly comprising three
proximity senscrs typically installed on the tcp of an '
elevator car for ease of installation and maintenance. The ‘
magnets which excite the sensors are installed in a hoistway.
Several mounting methods can be employed to affix the magnets.
The magnets are typically glued and clamped to the rail.

Monitoring of elevator leveling determines how accurately
the elevator car has stopped at a floor and is performed at
one master flcor in existing monitoring systems. A leveling
signal as well as a controller derived direction of travel
signal is sent to a counter which maintains a count that is
used to keep track of elevator car position in the hoistway.

A third signal, sync, is used as a reset to the counter
thereby eliminating long term drift in the count caused by
noise on a landing signal line.

Currently, the proximity prcbe assembly cconsists of three
senscrs. Cne sensor is used for determining elevator leveling
the master flocr, one senses each landing or floor as the
elevator car passes the flcor, and the third is used to
synchrcnize the counter. The array of three magnets is
aligned so as to excite the three sensors and is typically
installed on the first floor. At all other floors, only the



proximty sensors typically installed on the top of an elevator car for
sease of installation and mai ntenance. The magnets which excite the sensors
are installed in a hoistway. Several nounting nethods can be enployed to
affix the magnets. The nagnets are typically glued and clanped to the rail.
Monitoring of elevator |eveling det er ni Bes how accurately the el evator car
has stopped at a floor and is perforned at one master floor in existing
nonitoring systems. A leveling signal as well as a controller derived
direction of travel signal is sent to a counter which naintains a count
that is used to keep track of elevator car position in the hoistway. A
third signal, sync, is used as a reset to the counter thereby elimnating

| ong ter moaghieti vhabetciggersasedanding sdgmala ilsandisngldkegdnal Thene.
Currently,mégﬁeggogégié$?§g§¥%?a¢§ iy, gansigts of three sensors. One
sensor is us or determ ning el'evator I'eveling at the master floor, one
senses each | andninerallypiomeh Hdeelaxistdnse AetpasdswoulRebpgdsr byand t he
third is ugeg;LonsVORDT QI TS LN AURIRY prikR alskanpdl, EBr eﬁeneg]eeeg B
aligned so as to excite the three sensors and is gypgcall instalTed on the
first floofhe AeRRFOBLFRY - f M, yagRets would be mounted in the

hoistway at each floor either on the rail, on brackets, or on
string supports. To position the magnets, the installer
would, from the top of the elevator car, move the elevator car
to the appropriate floor. He would determine that the
elevator car is level at the floor by loocking dewn the front
of the elevator car and aligning the floor cf the elevator car
with the flccr. This is an inexact method for installation .

because the width ¢f an opening from the front of the elevator

H
cr

ca o a f£ront wall of the hoistway is only a few centimeters
while the distance frcm the installer to the flocr is over
several meters. However, this is not critical because of the
length of the magnets. It is cxitical that the elevator car
be level with the floor when the sensor which detects landing
detects the magnet at that floor.

One disadvantage of the current system is that it is
inherently inaccurate due tc the guesswork involved in
determining when the elevator car is level at a floor as well
as the positioning of the magnet. A second disadvantage is
that the current system is expensive to install relative to
the present invention. BAnother disadvantage is that leveling

of the elevator car is performed at only one floor.

DISCLOSURE OF THE INVENTION

Therefore, there is a need for a method to monitor
elevator leveling which is easier and less expensive to
install, and which monitors leveling on all floors while
yielding improved accuracy. The present invention addresses
the aforementioned problems encountered with elevator leveling
which the prior art has no: addressed in an effective and
satisfactory manner.



magnet that triggers the landing signal is installed. The nmagnets are
dypically 15 cmin | ength. An installation of the existing nethod
woul d begin by affixing the magnetic proximty probe assenbly to the top of
the el evator car. Next, the nmagnets woul d be nounted in the hoistway at
each floor €ither on the rail, on brack8ts, or on stri ng supports. To
position the magnets, the installer would, fromthe top of the el evator
car, nove the elevator car to the appropriate floor. He woul d determ ne
that the elevator car is level at the floor by |ooking down the front of
the el evator car and aligning the floor of the elevator car with the floor.
This is an inexact nmethod for installation because the width of an opening
fromthe front of the.elevatar car to a.front mall jof the hoistway ig only
a few centinet efs°H %f%gt'ﬁ% IS RE T olrﬁvteﬁ‘etl‘:gﬁ}%t 6'111‘:“Iveerl tmgg’gﬁg flf‘éoP%i S
over severah sbeeatorHomeweithimis Helgtotaymtt iac glureddirge off flherkengt h of
t he magnet hSaRLity - : 1Qr | |« s LR <t e s Bl oor
when t he séﬁgé&?\?\ﬁl&éﬁad@{;?&%‘p%lnrtaqh%ged&g%%éﬂfstfﬁg Qn%@’r%\@ast‘qntﬁéts Pﬁﬁ%r.

One di sadvafit ageieptine etrdRmlevat@mucsitian af t'9 fHevasrery cRaccur at e
due to thergugsswer kol avelyesh ity of targets having a plurality of light

absorptive surfaces and a plurality of light interactive

regions. The plurality of targets is mounted within the
hoistway at the plurality of floors. The plurality of sensed
signals is processed to provide a leveling signal, a flcor
number signal and a direction of travel signal which indicates
a .directicn of travel of the elevator car within the hoistway.
The leveling signal, floor number signal and direction of
travel signal are stcored at a remote elevator monitoring
central prccesscr. An optical sensing method, as employed in
the present invention, provides imprcved accuracy cver the
magnetic sensing method employed in the prior art.

The method disclosed may comprise the step of calibrating
the leveling signal, floor number signal and direction of
travel signal as stored in the remote elevator monitoring
central processor. The targets may be imprecisely installed
at roughly the correct position at each floor and any
resulting error compensated for in the calibration step. Thus
installation becomes easier and less expensive which results
in making the present invention feasible to install at each
floor.

The step which provides sensed signals may comprise the
steps of emitting light from an emitter which either reacts
with the plurality of light interactive regions cof the target
or is absorbed by the plurality of light absorptive surfaces
of the target and detecting the light after the light reacts
with the plurality of the light interactive regions cf the
target by a corresponding detector. One or more of the
corresponding detectors (which detect the light from cne or
more of the emitters and one or more of the emitters) form a

sSensor group.



determ ni ng when the elevator car is level at a floor as well as the
positioning of the magnet. A second disadvantage is that the current system
I's expensive to install relative to the present invention. Another

di sadvantage is that leveling of the eleyator car is perforned at only one
fl oor. DI SCLOSURE OF THE | NVENTI ON 4 Therefore, there is a need for a
nmethod to nonitor elevator |eveling which is easier and | ess expensive to
install, and which nonitors leveling on all floors while yielding inproved
accuracy. The present invention addresses the aforenentioned problens
encountered wth el evator |eveling mhich the prior art has not addressed in

an effective and satisfactory manne 3
The step of detectlng the light after it reacts with the

plurality of light interactive regions may comprise the step
of receiving the light after the light passes through the
plurality of light interactive regions of the target by a
corresponding detector w*tbin the same sensor group as the

emitter using a transmitted light detection technique. Each
sensor group is offset from any other sensor group by a
predetermined distance along a vertical axis in the direction
of travel of the elevator car.

The step of detecting the light after it reacts with the

lurality of light interactive regions may comprise the step

cf receiving the light after the light is reflected by the

clurality of light interactive regicns of the target by a
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orrespending detector within the same sensor group as the
emitter using a reflected light detection technique. Either
the sensor groups may be offset from each other or the
plurality of light interactive regicns may be offset from each
other by a p*ede*e*m_“ d distance measured along the vertical
axis in the direction of travel of the elevator car.

The step of providing sensed signals may comprise the
step of determining a plurality of binary signals representing
detection of the light emitted by cne or more of the emitters
and detected by one or more of the corresponding detectors
within the same sensor group. A quadrature encoding technique
is used which represents an absence of detected light by the
corresponding detector from one or more of the emitters within
the sensor group as a logic 0 state of the binary signals and
a presence of detected light by the corresponding detector
from one or more cf the emitters within the sensor group as a
logic 1 state of the binary signals.

The step of providing sensed sigrals may further comprise
the step of calculating a sensor position of the sensor
relative to the plurality of targets which is eqguivalent to

the elevator position by maintaining a count of the binary



According to the present invention, |evel nonitoring of an el evator car
Wwthin a hoistway at a plurality of floors is acconplished by providing a
plurality of sensed signals which is indicative of an el evator position of
the elevator car relative to a plurality.of targets having a plurality of

| i ght absorptive surfaces and a plurallt§ light interactive regions. The
plurality of targets is nounted within the hoistmay at the plurality of
floors. The plurality of sensed signals is processed to provide a |eveling
signal, a floor nunmber signal and a direction of travel signal which

i ndicates a direction of travel of the elevator car within the hoistway.

The leveling signal, floor nunber signal and direction of travel signal are
stored at élgéﬁgﬁeaéﬁedatermh®h¢$oﬂheuﬁ&xﬁﬁnng %ﬂgm@dssddoqknn@mhecal

sensi ng rreyﬂggaw agn@nak oyedi b 6?91:1{:!\/9@19@1&&[ do%tr{ér Qs i nmproved

accuracy over the ma netlg sen5|ng met hod prior art.
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becomres eagkghefldnifss GRpeRsby SO $d RARKN the present

i nvention Teasible to I nst step whi ch provides

sensed signal s FBfSeoApLi SEheheckiepss Fndraduantqdasyint fuhempaesenict t er
whi ch eithehve88gbs will become apparent from a consideration of the

ensuing drawings and description.

BRIEF DESCRIPTION OF THE DRAWINGS .

In the drawings, closely related elements have the same
number with additional alphabetic suffixes.

Fig. 1 shows a block diagram cf an improved elevator car
level monitoring system which emplcys the method of the
inventicn for level monitoring of an elevator car.

Fig. 2 shows a target, sensor and bracket in a hoistway
via a top view locking down on the elevator car.

Fig. 3A shows a target and a schematic representation of
a sensor emplcying a.transmitted light detection technique.

Fig. 3B shows binary signals from sensor group A and
senscr group B.
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ig. 3C shows sensed signals from sensor group A and
sensor group B.

Fig. 4A shcws an isometric view of the sensor of Fig. 32
which employs a crossfire arrangement of sensor groups.

Fig. 4B shows an isometric view of the sensor of Fig. 3A
which employs a parallel fire arrangement of sensor groups.

Fig. 4C shcws an isometric view of the sensor of Fig. 3A
which employs a single emitter dual corresponding detector
arrangement of sensor groups.

Fig. 5 shows a schematic for the circuits of sensor group

A and sensor group B.

Fig. 6 shows a block diagram of a signal processor.



with the plurality of light interactive regions of the target or is
.absorbed by the plurality of light absorptive surfaces of the target and
detecting the light after the light reacts with the plurality of the |ight
i nteractive regions of the target by a gﬁrresponding detector. One or nore
of the corresponding detectors (which detect the Iight fromone or nore of
the emtters and one or nore of the emtters) forma sensor group.

4 The step of detecting the light after it reacts with the
plurality of light interactive regions may conprise the step of receiving
the light after the |light passes through the plurality of light interactive
regions of the target by a corresponding detector within the sane sensor
group as the emfiger7Aisshays an adseirnasd viei gimbedémecti ofi thehprgsent Each

SeNnsor gr o, d g A4 et I URAD, LENG 25803 91OUR B¥tBction technique
rather than a transmitted light detection technique wherein
sensor groups are cffset relative to each other.

Fig. 7B shows an alternative embodiment of the present
invention which employs a reflected light detection technigue
rather than a transmitted light detection technique wherein
light reflective strips on opposing sides of the target of
Fig. 3A are offset relative to each other.

Fig. 8A shows an alternative embodiment of the present
inventicn where a synchronization target is generated by
cmitting the first slot.

Fig. 8B shows second cutput states from sensor group A
and sensor group B of Fig. 8A.

Fig. 9A shows an alternative embodiment of the present
invention where the sensor of Fig. 4 contains sensor group A
and sensor group B separated by a multiple of a slot spacing.

Fig. 9B shows first output states from sensor group A and
sensox group B of Fig. 9A.

REFERENCE NUMERALS IN THE DRAWING FIGURES

10 improved elevator car level monitoring system
12 elevator car '
14 hoistway
16 target
16A 1light absorptive surface
168 slot
16C light reflective strip
18 syachronization target
2¢C floor
22 signal processor
24 sensor
24A sensor leg
26 rail
28 binary signals
282 lcgic 0 state
288 logic 1 state
30 emitter
32 corresponding detector
34 sensoxr group
36 leveling variable



predeternlned di stance along a vertical axis in the direction of travel of
_the el evator car. The step of detecting the light after it reacts with
4the plurality of light interactive regions may conprise the step of
receiving the light after the light is zeflected by the plurality of |ight
interactive regions of the target by a torresponding detector within the
sane sensor group as the emtter using a reflected |ight detection
technique. Either the sensor groups may be offset fromeach other or the
plurality of light interactive regions may be offset fromeach other by a
predet erm ned di stance neasured along the vertical axis in the direction of

travel of the eIevator car. The step of providing sensed signals may
conprise the st2p of %EQ{N?HWH%E;W? |ty 3 bi nary signals representing
detection of th# Ilgﬁt*% Y?b&’ f’ 3F3P86f the emitters and detected
by one or nore % the ﬁﬁr g &Qtectors Wi thin the sane sensor group.
A quadrature en¢odin J used esen ence of
detected |ight % thg i e%%%?iﬁor Wﬁﬁ ron?o%g g§oggfgggf t he

emtters withincfphe gg s a Ioglc O state of the binary signals
and a presence deLgg ﬁf y the correspondi ng detector from one or
more of the em erst@¢;_“£qt§%a§ensor group as a logic 1 state of the
bi nary signals.gg cdbgisiepryofy providing sensed signals may further
conprise the step ofsggggglgégfgtdk-sansor position of the sensor relative
to the pluralitygoof targehsiwni<h is equivalent to the elevator position by
mai ntai ni ng a cegnt eérhbeabimry

64 transistor QL

66 resistcr RS

68 schmitt trigger

74 microprocesscr controller

88 side to side axis

S0 front to back axis

g2 fixed rail clamp

54 sliding rail clamp

g6 gap

eg £irst output states

100 second cutput states o

102 mwoter-generator

104 node A

106 second microprocessor controller output port
108 pulley

110 counterweight

112 cable

114 circuit for sensor group A

16 circuit for sensor group B
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BEST MODE FCR CARRYING OUT THE INVENTION

A typical elevator car 12 with an improved elevator car
level monitoring system 10 of the present invention is shown
in Fig. 1 and depicts the hoistway 14 of a building with three
floors 20 or landings. The elevator car 12 is guided in the
hoistway 14 between two rails 26 and is supported by a cable
112 which travels over a pulley 108 and is attached to a
counterweight 110. A motor-generator 102 either imparts
energy to the pulley 108 or derives energy from the pulley 108
depending upon the weight of the counterweight 110 with
respect to the elevator car 12 including its contents and a

direction of travel 42 of the elevator car 12. A sensor 24 is



signals and determ ning.the |leveling signal, floor nunber signal and
direction of travel signal fromthe count. The step of providing
sensed signals may further conprise the step of synchronizing the count
usi ng one or nore synchroni zation targets nmounted within the hoistway at

one or nore of the plurality of floors ich differ in a predeterm ned way
fromthe plurality of targets. These and ot her objects and advant ages
of the present invention will becone apparent from a consideration of the

ensui ng draw ngs and descri pti on. BRI EF DESCRI PTI ON OF THE DRAW NGS
In the drawi ngs, closely related el enents have the same nunber with
addi tional al phabetic suffixes.

mounted on the elevator car 12. One target 16 is mounted in
the hoistway 14 at each floor 20. The elevator car 12 is
shown just above the first floor 20. When the elevator car 12
stops at the first floor 20 the senscr 24 will be at some
location with respect to the target 16. Sensed signals 44
from the sensor 24 are sent to a signal processor 22 mounted
on the tcp of the elevator car 12 which serializes a count
(described in greater detail in subsequent sections) and sends
the serialized count to a remote elevator mcnitoring central
processor 46. The serialized count may be sent via a
kardwired or wireless approach. The signal processor 22 is
akle tc derive car velocity and acceleration from sensed
signals 44. Although a cable driven elevator car 12 is shown
in Fig. 1, the present invention is equally applicable to a
hydraulic elevatcor which is well known in the art.

Fig. 2 shows the target 16 mounted cn a target bracket 48
attached to the rail 26, however, the present inventicn is
capable of being mounted to virtually any structure within the
hoistway 14. The target bracket 48 consists of a fixed rail
clamp 92 and a sliding rail clamp 94. Details for th
attachment of the target 16 to the target bracket 48 will be
provided in subsequent sections.

The sensor 24 and target 16 are shown in Fig. 3A. The
sensor 24 contains sensor group A 50 and sensor group B 52
both of which include an emitter 30 and a correspondin
detector 32 as shown in Fig. 4. As the sensor 24 passes
arcund the target 16, sensed signals 44, as shown in Fig. 3C,
are output from the sensor 24. The vertical spacing of the
corresponding detectors 32 in the direction cf travel 42
(3 mm) and the width of light interactive regions in the
direction of travel 42 (6 mm), which in this case (transmitted
light detection technique) take the form of slots 16B, result
in sensed signals 44 represented by binary signals 28 as shown
in Fig. 38 that is a standard quadrature output with a

resolution of 3 mm. Spacing between sensor legs 24A is



Fig. 1 shows a block diagramof an inproved elevator car |evel nonitoring
Ssystem whi ch enpl oys the nethod of the invention for |evel nonitoring of an

el evat or car. Fig. 2 shows a target, sensor and bracket in a hoistway
via a top view | ooking down on the el evator car. Fig. 3A shows a
target and a schematic representation o a sensor enploying a transmtted
| i ght detection technique. Fig. 3B shows binary signals from sensor
group A and sensor group B. Fig. 3C shows sensed signals from sensor
group A and sensor group B. Fig. 4A shows an isonetric view of the

sensor of Fig. 3A which enploys a crossfire arrangenent of sensor groups.
Fig. 4B shows an isonetric view of the sensor of Fig. 3A which enploys a

paral l el fick@s aampg@memx Qﬁ §§@é@rt<§lré)é&1§mmodate Fdﬂilrﬂe@ﬁ@.\@ra%ﬁ gaRetric
view of the _sensor of Fig A whi ch enpl o ngl e e@t r dual
correspondlﬁg“&&%@&to?nQrFﬁﬁﬁﬁﬂﬁﬁ?l?ﬁ r@&ﬁ i;iﬁﬂﬁp tqﬁgfaﬁ§g§h&®s a
schemati c fsghchientizacibhstatgeens®rogroepsdy aadl. saftsor lggaorimdB.the Fig.
6 shows a %E%%%tdﬁgg @”59& @lé&gnf% PLRCEPSE when entering the next
" target 16, binary signals 28 follow a standard quadratuxe
pattern as shown in Fig. 3B and Fig. 3C. Quadrature sensing
is a well known technique for accurately measuring position.
After the sensor 24, targets 16 and a synchronous target
18 are installed, the method of the present invention is
calibrated. Calibration comprises the steps of stopping the
elevator car 12 at each floor 20 and entering a floor number
and positicn cof the elevator car 12 relative to the floor 20
into the remote elevator monitoring central processor 46.
Leveling data acquired in calibration is stored in non-
volatile memory to avoid the necessity of repeated entry of
the same wvalue.

Sensor Head

The sensor 24 is shown in Fig. 4. One emitter 30 of
sensor group A 50 and one corresponding detector 32 of sensor
group B 52 are positioned cn one sensor leg 24A and one
emitter 30 of sensor group B 52 and cne corresponding detector
of sensor group A 50 are positicned on the remaining sensor
leg 24A. Sensor grcup A 50 and sensor group B 52 are
separated by 3 mm along a vertical axis in the direction of

travel 42 of the elevator car 12 (e.g., vertical spacing) and

6 mm of horizontal spacing. The placement of sensor group
A 50 and sensor group B 52 is defined as "cross firing" and
was chosen to eliminate the chance of having the emitter 30 of
sensor grcup A 50 incorrectly trigger the correspondin
detector 32 of sensor group B 52 or vice versa.

The separation of the sensor legs 24A was chosen to
eliminate mechanical interference as the target 16 passed
between the legs 24A of the sensor 24 due to imprecise

installation of the sensor 24 and target 16 while shielding



6 Fig. 7A shows an alternative enbodi nent of the present
dnvention which enploys a reflected |ight detection technique rather than a
transmtted |ight detection techni que wherein sensor groups are offset
relative to each other. Fig. 7B sh@$s an alternative enbodi nent of the
present invention which enploys a reflected |ight detection techni que
rather than a transmtted |ight detection technique wherein |ight
reflective strips on opposing sides of the target of Fig. 3A are offset

relative to each other. Fig. 8A shows an alternative enbodi nent of the
present invention where a synchronization target is generated by omtting
the first slot. Fig. 8B shows second output states from sensor group A

and sensorthe otprBe obotd thg &etectorsFidg. f&Austhieam aﬁghtnatseaseﬂbodinent
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and sensor Separ a mul t1 a slo
shows firsB Batp&resr%EQﬁﬁéﬁ(Wﬁ%hyﬂuﬂhegﬁ@@ﬁqm dﬁasséﬁ§oﬁng9§dsr8t9f Flg

9A. REFEE%BE@CNL%ﬁ£U¥é5§3$-BﬁédB@M@hN@rEhpEﬁﬁgntlal damage, collimate

the light, and to provide immunity to ambient light.

The emitter 30 and corresponding detector 32 operate
within the infrared spectrum and are narrcw optical bandwidth
devices chosen for ambient light immunity. The emitter 30
features a narrow beam spread that improves transmission
characteristics over the separation between the emitter 30 and
the corresponding detector 32 that the present inventicn
requires.

Sensor Electrenics

A circuit for sensor group A 114 and a circuit for sensor
group B 116 is shown in Fig. 5 both being located within the
sensor 24 in the preferred embodiment although a lccation
remote to the sensor 24 is alsoc feasible. The discussion
which follows references the circuit for sensor A 114,
however, the same principles are applicable to the circuit for
senscr group B 116 as well,

The emitter 30 is excited by a direct curxrent between
texrminal J1-1 54 and terminal J1-2 56. A series resistor
R1 58 is chosen for a nominal excitation of 50 milli-amperes.

The corresponding detector 32 is formed between terminal
J1-3 60 and terminal Ji1-4 62 and is a photo-diode which
provides a current of approximately 12 micrc-Amperes upon
excitation. A transistor Q1 64 and resistor R5 66 create a
voltage level at node A 104 which is compatible with standard
TTL logic. A schmitt trigger 68 is used as a buffer and line
driver to eliminate false triggers in ncisy signals or those
with slow rise and fall times.



10 I nproved el evator car |evel nonitoring system 12 el evat or car

14 hoi st way 16 t ar get 15A |ight absorptive surface
16B sl ot 16C light reflective strip 18
synchroni zati on target 20 floor 22 si gnal processor 24
sensor 24A sensor | eg 2611 raj| 28 binary signals
28A logic O state 28B logic 1 state 30 emtter

32 correspondi ng det ector 34 sensor group 36 | evel i ng

vari abl e - 7

Signal Processing
The microprocessor controller 74 scans the sensed signals

44 at a high sample rate (64 KHz) and requires that an input
state be present for a specified number of successive reads
(typically three) to debounce (provide noise immunity). The
microprocessor controller 74 then loocks at the previocus state
of the binary signal 28 to determine whether to increment or
decrement the count as shown in Fig. 3B. A sequence such as
shown in (1) is defined as an up direction count (i.e., an
increase in the count):

(1) (0,0) - (0,1) - (1,1) - (1,0) - (0,0).
A sequence such as shown in (2) is defined as a down direction
count (i.e., a decrease in the count):

(2) (0,0) - (1,0) - (1,1) - (0,1) - (0,0).
Every 4 milliseconds, an updated count will be sent serially
to the Remote Elevator Monitoring Central Processor 46 via a
second microprocessor controller output port 106.

Remote Elevator Monitoring Central Processor

The remote elevator monitoring central processor 46 looks
at successive counts to determine direction. Since length of
the target 16 in counts is known, the remote elevator
monitoring central processor 46 is able to determine the floor
number from the count. For example, if the count for a target
16 is 100, then if the count is less than 100, the elevator
car 12 is at the first floor 20. For counts between 100 and
200, the elevator car 12 is at the second floor, etc. The job
of the remote elevator monitoring central processor 46 is to
determine whether the present invention is still in
synchronization and automatically correct the count if
synchronization is required. From the above discussion, it is
obvious that given knowledge of the target 16 length in
counts, that the remote elevator monitoring central processor
46 is able to determine that there is only one valid count



38 fl oor nunber vari.abl e 40 direction of travel variable 42

.direction of travel 44 sensed signal s 46 renote el evator

moni toring central processor 48 target bracket 50 sensor group A
52 sensor group B 54 termnal J1-1 56 termnal J1-2 58
series resistor Rl 60 terninal J1-@2 62 termnal J1-4 64
transistor QL 66 resistor RS 68 schmtt trigger 74

m croprocessor controller 88 side to side axis 90 front to back
axi s 92 fixed rail clanmp 94 sliding rail clanmp 96 gap

98 first output states

between each pair of targets, i.e., 100 between the targets 16
on the first and second floors 20. If the remote elevator
monitoring central processor 46 detects that the count is
incorrect between targets 16, it counts the length of the
targets 16 by knowledge of the absence of counts between
targets 16. Once the remote elevator moﬁitoring central
processor 46 determines that the synchronization target 18 has
been passed, it re-initializes the count. The initialized
count will be different for an up and down run. For example,
assuming the target 16 length is 100 and the synchronization
target 18 is installed on the second floor 20 with a length of
110. When the synchronization target 18 is detected in the
down direction the count is initialized to 100. When the
synchronizaticon target 18 is detected in the up direction the
count is initialized to 210.

Design of the Target

The target 16 of Fig. 3A has been designed for detection
of transmitted light as cpposed to reflected light since slots
16B are used as light interactive regions as opposed to light
reflective strips 16C as shown in Fig. 7A and Fig. 7B. This
technique is advisable in environments where dirt and dust may
accumulate on light reflective strips 16C causing a reflected
light detection technigque to fail. The target 16 as shown in
Fig. 3A is 30 cm long with equally spaced 6 mm sliots 16B on a
12 mm pitch. The width of the target 16 is 5 cm wide with
slots 168 4 cm wide to allow for inaccuracies in installation
and twisted rails 26. The target 16 is made of cptically
absorptive plastic which creates a light absorptive surface
16A.

An embodiment for the target 16 and synchronization
target 18 involves a generic design with perforations. The
synchronization target 18 provides a positive
resynchronization of the count and is broken off at the

perforations while the target 16 remains the original length.
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hoi stway 14 of a building with three floors 20 or | andings. The el evator
car 12 is guided in the hoistway 14 between two rails 26 and is supported
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of the present invention is shown in Fig. 1 and depicts the
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slots 16B in the target 16 before coming to rest. A signal
from the remote elevator monitoring central processor 46
indicating that the elevator car 12 has stopped is required.
The advantage to this approach is that a single generic design
can be used for both the target 16 and synchronization target
18.

Design of the Target Bracket for Holding the Target

The target bracket 48 for the target 16 or .
synchronization target 18 is installed on the rail 26 as shown
in Fig. 2. The rail 26 is a convenient and consistent feature
in all hoistways 14.

The target bracket 48 ccnsists ¢f a fixed rail clamp 92..
that is permanently affixed to the target bracket 48 and a
sliding rail clamp 94 which slides along a slot in the target
bracket 48 for quick assembly. The target 16 or
synchronization target 18 is mounted onto an arm which
telescopes into the target bracket 48. This telescoping
action allows overall length for tight installaticns to be
minimized while providing flexibility for longer length
applications. A gauge tool can be used for uniform placement
of- the target 16 and synchronization target 18 relative to the
rail 26. Alternatively, the target 16 or synchronization
target 18 may be mounted to a wall within the hoistway 14, in
which case the target bracket 48 would be affixed directly to

the wall thereby alleviating the need for clamps.

Installation Sequence

The length of the hoistway 14 must first be examined in
order to choose a location for the target bracket 438 and
target 16 which dces not interfere with other hardware. The

elevator car 12 is then moved to the first floor 20 and the

BRE 4R ght
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8 nounted on the .elevator car 12. One target 16 is nmounted in the
.hoi stway 14 at each floor 20. The elevator car 12 is shown just above the
first floor 20. When the elevator car 12 stops at the first floor 20 the
sensor 24 will be at sone |location with fespect to the target 16. Sensed
signals 44 fromthe sensor 24 are sent 1% a signal processor 22 nounted on
the top of the elevator car 12 which serializes a count (described in
greater detail in subsequent sections) and sends the serialized count to a
renmote el evator nonitoring central processor 46. The serialized count may
be sent via a hardwired or wreless approach The si gnal processor 22 is

At hough & RS HFAGT A Fator art130 ARhauAoTnOREg. 112 hed br i ch
|nventrcwrchnsapmmdqauﬂan(ﬂﬂMaESBmS@rhydraalthealematallaﬁreh tsamethe known
in the art r 34 9i5262a < el ﬁﬁ"mg.%a 6o@ﬂﬂfeega0§na ié‘rgﬁt%biaCKEt 48

attached t%?%% rail wever, ent I nventl i s capable of being
mount ed t cliFeetiensy wisn fthey@levetan |¢|a|ar flRe LFoppPRAYITate el evpfedt

bracket 4&kongisds Af. a Tl dcinent! A2 caBdddrektdbAdot attaseanp; 94.

Details for the
is not critical since this is compensated for by calibration.
However, care must be taken with placement along the remaining
two axes to insure that the target 16 lies midway between the
sensor legs 24A of the sensor 16 and that a keam of emitted
light between the emitter 30 and corresponding detector 32 of
the same sensor group 34 is centered within the slot 16B.
Typically the sensor 24 is provided with alignment markings to
aid in positioning cf the sensor 24 with respect to the target
16 and synchronization target 18. Alternatively,'a target
alignment gauge (TAG) can be used to adjust the distance
between the rail 26 and the target 16. The elevator car 12
will then be moved to the second flocr 20 and the installaticn
of the synchronization target 18 will be carried out in the
same manner as that of the target 16. Targets 16 should be

installed on all floors 20 in the same manner.

Calibration of the Leveling Variable, Floor Number Variable,
and Direction of Travel Variable

During calibration the elevator car 12 must be moved to
every floor 20 and a measurement taken. This measurement will
be used to correct the count stored in the signal processor
22. The corrected value of the cocunt indicates the count at
which the elevator car 12 is level with the flcor 20.

. Calibration invelves first moving the elevator car 12
along the entire length of the hoistway 14 in order to
encounter the synchronization target 18 and thereby
synchronize the count. The elevator car 12 is then moved to
the first flcor 20 and the floor number and the position of
the elevator car 12 relative to the floor 20 are entered into

the remote elevator monitoring central processor 46. The



attachnment of the target 16 to the target bracket 48 will be provided in
.Subsequent sections. The sensor 24 and target 16 are shown in Fig. 3A
‘The sensor 24 contains sensor group A 50 and sensor group B 52 both of

whi ch include an emitter 30 and a correfﬁonding detector 32 as shown in
Fig. 4. As the sensor 24 passes around e target 16, sensed signals 44, as
shown in Fig. 3C, are output fromthe sensor 24. The vertical spacing of :
the correspondi ng detectors 32 in the direction of travel 42 (3 mm and the
width of light interactive regions in the direction of travel 42 (6 nm,
which in this case (transmtted |ight detection technique) take the form of

slots 16B, result Ln sensed sjgnals 44 represented by binary signals 28 as
shown i n FF§TO88 fHEYRFCr meii QF(ﬁﬁ%ﬁ%ﬁ%ﬂH¥Qﬁﬁﬁiﬁé\ﬁstﬁ“ﬁnresolution of
3 mMm Spactalchthveenasesspéct@scAdh iwhich corresponds to the leveling

variable 36 at that floor. For example, assuming that the
count is zero (0) at the first floor 20 and the elevator car
12 stopped 6 mm above the first floor 20 the corrected count
would equal negative two (-2) which indicates that the desired
flocor 20 was two (2) steps of 3 mm each (i.e., 6 mm) below the
elevator caxr 12 when the elevator car 12 stcpped. The same
procedure is followed for all £lcors 20.

Additional Embodiments

An additional embodiment would be to use a reflected
light detection technique rather than the transmitted light
detection technigque described above. A different target 16
design would be rsquired wherein the light interactive regions
would be light reflective strips 16C affixed to both sides of
the target 16 as shown in Fig. 7A and Fig. 7B. A different
sensoxr 24 design would also be regquired wherein the emitter 30
and corresponding detector 32 of a particular sensor group 34
would be mounted on the same leg 24A cf the sensor 24. The
3 mm offset which results in the binary signals 28 could ke
produced by either offsetting the light reflective strips 16C
as shown in Fig. 7B or by offsetting the sensor groups 34 as
shown in Fig. 7aA.

Several modifications could be made to the sensor 24 and
still be within the scope of this disclosure. For example,
the emitters 30 could be pulsed rather than excited by a
direct current. One advantage to pulsing is an improved life
of the emitter 30 due to lower average power dissipation. A
second advantage is an improved noise immunity achieved by
increasing the amplitude of the pulse excitation to produce a
higher light output. The greater amplitude permits the
sensitivity of the cocrresponding detector 32 to be decreased
which results in an improvement in amkient light immunity.

Another advantage is the statistical improvement in the



typically 34 mmin order to acconmpdate ordinary el evator car 12 notion,
.and inaccuracies in installation of the target 16, synchronization target
*18 or sensor 24. \Wen leaving the target 16 at one floor 20 and al so when
entering the next target 16, binary si %pgl s 28 follow a standard quadrature
pattern as shown in Fig. 3B and Fig. 3C*~Quadrature sensing is a well known
techni que for accurately neasuring position. After the sensor 24,
targets 16 and a synchronous target 18 are installed, the nmethod of the
present invention is calibrated. Calibration conprises the steps of
stopping the elevator car 12 at each floor 20 and entering a floor nunber
and position of the elevator car 12 relative to the floor 20 into the
renot e el evaRisntholnighsy | ipurdier sluepitoc sdeor imd tededurpRgonars sa®RFRE i n

calibrati %'%étﬁ%éﬂbrw Rl cldtlee ABIMDI Ynko dagaadahbagee@esguiylpé
repeat ed entr e sane va% Sensor Hea sor. 24 is shown

in Fig. A4. lﬁygﬁ%ﬁnﬁt%ﬁe:ﬁf(ﬁnsﬂﬂﬁnﬁa%jr&@pCRS§Oa&ﬂd¢8ﬁ8986FF¥sE8nﬁhﬁg
detector 3@letcsambes ©F arrdtd 2 eUles bindneynehrondzeenner | eg 24A and

sensor qr OB R SRS B BT IT ISR on A HE BRI A So185¢  8g 0% “Snsor
group A SOSaelddseefls@yelgamqn I@ﬂaztk’aer eused @ysteby 18 ﬁcnmatsdg aTherti cal
axis int hﬁ%gixa&ﬁtﬁ&fs@fw{éay%f 42, Ofertie Y QUYR 162kt k8 nda: bYCERE Cal
spaci ng)
optical delay of the corresponding detector 32. Frequency of
the pulses is driven by the need to have a minimum of two (2)
to four (4) pulses within the width of a slot 16B, but as the
repetition rate increases the pulsed excitation approaches a
direct cuxrent excitation.

A second modification to the sensor 24 would involve
mounting all of the emitters 30 of each sensor group 34 on one
senscr leg 24A and all of the corresponding detectors 32 of
each sensor group 34 on the other sensor leg 243 in a parallel
fire arrangement cf sensor groups 34 as shcwn in Fig. 43B.
Although there may be a savings in cost associated with wiring
the emitters 30 in parallel the corresponding detector 32 may
be more susceptible to false triggering in this configuratien.

A third modification to the sensor 24 weculd invelve
mounting one emitter 30 on one sensor leg 24A and mounting two
c5rresponding detectors 32 on the remaining sensor leg 24A in
a single emitter 30 dual corresponding detector 32 arrangement
of sensor groups 34 as shown in Fig. 4C. The placement of the
corresponding detectors 32 would retain the 3 mm vertical
spacing in the direction of travel 42 between sensor groups 34
of the preferred embodiment. However, the horizontal spacing
must be kept to a minimum. This modification would be less
expensive to manufacture due to the reduced number of emitters
30, however, it may be more susceptible to false triggering.

An alternative embodiment of the synchronization target
18 is designed to be slightly longer than the target 16 and
would need to be manufactured separately from the target 16.

A longer length is chosen because a shorter length may produce
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6 mm of horizontal spacing. The placenent of sensor group A 50 and sensor
.group B 52 is defined as "cross firing" and was chosen to elimnate the
‘chance of having the emtter 30 of sensor group A 50 incorrectly trigger

t he correspondi ng detector 32 of sensor_group B 52 or vice versa. The
separation of the sensor |egs 24A was chbsen to elininate nechanical
Interference as the target 16 passed between the | egs 24A of the sensor 24
due to inprecise installation of the sensor 24 and target 16 while

shi el di ng 10 t he correspondi ng
detectors 32 from anbient |light. Sensor groups 34, which consist of sensor
group A 50 and sensor group B 52, are recessed within the sensor |egs 24A
in order ttdiSHSAME PUMRETs OFsGPUGESUPS 38 ERBnEHBYRFRT sF2%dakmdEd col [ i mat e

the light,g éd)ﬂﬁﬁﬁﬂdﬁiy 6ﬁualtﬁr§@taﬁblenThéIg?ﬁchronlzéﬂ&bﬁ”ﬁéﬁgﬁt.30
and COFFE%P lS f%é%nggéméu onR eg%gefloor 20 which can ke neither the

top nor bottom floor 20. The second flocor 20 has been
selected as the preferred site. Synchronizaticn is required
due to long term drift in the count or in the event the remote
elevator monitor central processor 45 loses power and the
elevator car 12 is moved. 1In an application of the present
inventicn which involves only two £lcors 20, synchronization
is not required, since the direction of travel variable 40
denctes whether the elevatcr car 12 is going to the first or
seécnd floor 20. _

Synchronization could also be accomplished by a purely
scftware based apprcach. During calibration the correct count
for the top and bottom floors 20 could ke determined and
provided that the total number of targets 16 installed is
known the count for all targets 16 could be determined. If
the count exceeded a threshecld the count could be reset to the
value for the first floor 20 at every down call. Eventually,
the elevator car 12 would reach the bottom floor and regain
synchronization. In applicaticns where the first floor 20 is
seldom used (e.g., the basement), the top flooxr 20 could be
used as an alternative. The disadvantage of this method is
that floor leveling errors would be encountered while the
count remains unsynchronized.

Another embodiment would involve a design of the sensor
24 and target 16 as shown in Fig. 8A and Fig. 8B. The sensor
24 of Fig. 8A separates the sensor groups 34 by a multiple of
the slot 16B spacing. The separation is determined by
equation (3) as follows:

separation = 3 mm + (M * 6 mm) (3)

M may be any integer value. The case shcwn in Fig. 8A equates
M to one (1). The output of this approach is a standard
quadrature signal once both sensor groups 34 are on the target
16. During the pericd of time that the sensor groups 34 are



within the infrared spectrumand are narrow optical bandw dth devices
thosen for anbient light imunity. The emtter 30 features a narrow beam
Spread that inproves transnission characteristics over the separation
between the emtter 30 and the correspogging detector 32 that the present

I nvention requires. Sensor El ectronic A circuit for sensor group A
114 and a circuit for sensor group B 116 is shown in Fig. 5 both being

| ocated within the sensor 24 in the preferred enbodi nent although a

| ocation renote to the sensor 24 is also feasible. The discussion which
follows references the circuit for sensor A 114, however, the sane

i nci pl | h B 116 [l
The o t £ 2058 BEPLLEPR, o BAd'% b ul ot Sneull SERRFAAPSI2E1 54 and
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as a buffe dﬁ?%ﬂﬁ 19¥999§ﬂsﬁéﬁésfal§e°€r?&§er§3|ﬂrﬁo#§9n§iﬁﬂhls or
those w thesteptrise timel diddirg m@dles shown by a gap 96 in the second

output states 100 of Fig. 8B. Therefore, a pattern
recognition technique could be used to distinguish between the

irst output states 98 and the second output states 100, and
thus between the target 16 in Fig. 9A and the synchronization
target 18 in Fig. 8A.

An important feature of the present invention is that ﬁhe
sensed signal 44 is a quadrature square wave with as near 50%
duty cycle as possible. The present inventicn provides the
sensed sigral 44 using a target 16 and a senscr 24 that
trigger when half of the corresponding detector 32 is exposed
to the emitter 30. An alternate approach would use a sensor
24 that triggers as soon as any of the corresponding detector
32 is exposed to the emitter 30. This senscr 24 arrangement
would provide an asymmetric sensed signal 44. The asymmetry
is corrected by adjusting the relative width of the light
interactive regions while keeping the pitch between the light
interactive regions the same. There may be some improvement
in accuracy over the lifetime of the present invention by
employing the asymmetric sensor 24 and target 16 described.



Si gnal Processing -The m croprocessor controller 74 scans the sensed
signals 44 at a high sanple rate (64 KHz) and requires that an input state
be present for a specified nunber of successive reads (typically three) to
debounce (provide noise inmunity). The qicroprocessor controller 74 then

| ooks at the previous state of the binar? signal 28 to determ ne whether to
I ncrenment or decrenent the count as shown in Fig. 3B. A sequence such as
shown in (1) is defined as an up direction count (i.e., an increase in the

count): (1) (0,0 - (0,1) - (1,2) - (1,0 - (0,0). A sequence
such as shown in (2) is defined as a down direction count (i.e., a decrease
I n the count): (2 (0,0 - (1,0 - (1,1) - (0,1 - (0,0).
CLAIMS
We Claim:
1. A method for level monitoring of an elevator car

within a hoistway at a plurality of floors, comprising the
stéps of: .

providing a plurality of sensed signals which is
indicative of an elevator position of said elevator car
relative to a plurality of targets having a plurality of light
absorptive surfaces and a plurality of light interactive
regions, said plurality of targets mounted within said
hoistway at said plurality of floors;

processing said plurality of sensed signals for providing
a leveling variable, a floor number variable and a direction
of travel variable which indicates a direction of travel of
said elevator car within said hecistway; and

storing said leveling variable, flcor number variable and
direction of travel variable at a remote elevator monitoring
central processor.

2. The methed of claim 1, further comprising the step
of calibrating said leveling variable, floor number variable
and directicn of travel variable as stored in said remote

elevator monitoring central processor.

3. The method of claim 1, wherein said step of
providing a plurality of sensed signals comprises the steps
of:

emitting light from an emitter which reacts with said
plurality of light interactive regions of said target;

emitting said light from said emitter which is absorbed
by said plurality of light absorptive surfaces of said target;
and

detecting said light after said light reacts with said
plgrality of said light interactive regions of said target by

a corresponding detector, one or more of said corresponding

——
e

LT



o

Every 4 m |l l'i seconds, an updated count will be sent serially to the Renote

.El evator Monitoring Central Processor 46 via a second m croprocessor

rcontrol l er output port 106. Renot e El evator Mnitoring Central Processor
The renote el evator nonitoring central ocessor 46 | ooks at successive
counts to determne direction. Since | th of the target 16 in counts is

known, the renote elevator nonitoring central processor 46 is able to
determ ne the floor nunber fromthe count. For exanple, if the count for a
target 16 is 100, then if the count is |less than 100, the el evator car 12
Is at the first floor 20 For counts bet ween 100 and 200, the el evator car

12 is at t cond f,l.0qr, The he renopte eIev toring
central pr 525 E¥h¥§ de ﬁ?ﬁg %ﬁgﬁﬁ IPWEOB?eggn |nv§%t$%g&|s still
in synchrommnﬁnenﬁ1&ndiqnﬁ(nnﬂmqnalbﬁ seideemithersofintrmifigsgnsemedy.zat i on
S requu%§?ojgon1the above discussion, it is obvious that given know edge
of the target 16 length in counts, that. the rempte el evator nonitoring

central processor 46 is able to determne that there is only one valid
count 4. The method of claim 3, wherein said step of

detecting said light comprises the step of receiving said
light after said light passes through said plurality of light
interactive regions of said target by a corresponding detector
within said sensor group of said emitter, each sensor group
being offset from any other sensor group by a predetermined
distance measured along a vertical axis in said direction of
travel of said elevator car.

5. The methcd cf claim 3, wherein said step of
detecting said light comprises the step cf receiving said
light after said light is reflected by said plurality of light
interactive regicns cf said target by a corresponding detector
within said sensor group of said emitter.

6. The method of claim S further comprising the step of
offsetting each sensor group from any other sensor group by a
predetermined distance along a vertical axis in said direction
of travel of said elevator car.

7. The method of claim S5 further comprising the step of
offsetting each of said plurality of light interactive regions
of said target by a predetermined distance measured along a
vertical axis in said direction of travel of said elevator
car.

8. The method of claim 3 further comprising the steps
of:
determining a plurality of binary signals representing

detection cf said light emitted by one or more of said

——
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12. bet ween each pair of targets, i.e., 100 between the targets 16 on
the first and second floors 20. If the renpote el evator nonitoring central
processor 46 detects that the count is incorrect between targets 16, it
counts the length of the targets 16 by gﬁomdedge of the absence of counts
between targets 16. Once the renpte el e¥dtor nonitoring central processor
46 determ nes that the synchronization target 18 has been passed, it
re-initializés the count. The initialized count will be different for an
up and down run. For exanple, assumng the target 16 length is 100 and the
synchroni zation target 18 is installed on the second floor 20 with a | ength

f 110. hg o ' t t_ 18 i tected in th

i rection' CRGCEre, LiE Aot My IO R Wil £ A HATESTPORERER ¢ ar gor
18 i s det edeteictors Heltpinisabdigmmadie goouy; is initialized to 210.

Design of the Tﬁéﬁf&sentinghﬁ%tﬁ%cé%gfd&&%ﬁclp%%)%% <44 gned for

detection of transm tted |Tght as_opposed to re . t 'Since slots
16B are usEBTAESPPEAIRE nERFeeton £Feyiue s ol S3dd iegHEttess| ecti ve

strips 16GyaghshovRidNs&hdor IdyAis 48 & 1d3id N State of said binary
signals; and
representing a presence of detected light by said
corresponding detector from one or more of said emitters
within said sensor group as a logic 1 state of said binary
signals.

9. The method of claim 8, further comprising the steps
of: -

calculating a sensor position of said sensor relative to
said plurality of targets which is equivalent to said elevator
position by maintaining a count of said binary signals; and

determining said leveling variable, flocor number variable
and direction of travel variable from said count.

10. The method of claim 9, further comprising the step
of synchronizing said count using one or more synchronization
targets mounted within said hoistway at one or more of said
plurality of flcors which differ in a predetermined way from
said plurality of targets.

R O 00V



‘techni que is advisable.in environnents where dirt and dust may accunul ate
~on light reflective strips 16C causing a reflected |ight detection
‘technique to fail. The target 16 as shown in Fig. 3Ais 30 cmlong with

equal ly spaced 6 mm slots 16B on a 12 n@pitch. The width of the target 16
is 5cmwide with slots 16B 4 cmwi de tOallow for inaccuracies in

installation and twisted rails 26. The target 16 is nade of optically
absorptive plastic which creates alﬂﬁﬂﬁlggsorptive surface 15A An

enbodi nent for theetHobgetr BONEREIRY BCAVAROR 2 RVEDNG! BERg6kmMakBE | Nvol ves a
generic design w wimpamMProvaDi apasracylhe synchroni zation target 18 provides a
positive resynchroni zation of the count and is broken off at the

perforations while tﬂe target 16 fﬁgﬁigf‘; e original |en t%‘

13 Thi's apPrBaERCROUFICRARPTIFR HImgd e Hsh 1?%% dedfSor 24
elevator car within a hoistway at a plurality of floors by
providing a plurality of sensed signals which is indicative of
an elevator pcosition of the elevator car relative to a
plurality of targets having a plurality of light absorptive
surfaces and a plurality of light interactive regicns, the
rlurality of targets mounted within the hois
plurality of 'flocrs. The plurality of sensed signals is

processed to provide a leveling variable, a flcor number

variable and a direction of travel variable which ir

d
direction cf travel cf the elevator car within the hoistway.
T e

T

he leveling variable, flocor number variable and dir
e

ravel variable are stored at a remote el



passi ng the shorter synchronization target 18 at speed as opposed to com ng

., toa floor 20 and only counting sone of the slots 16B in the target 16

. before conmng to rest. A signal fromthe renote el eys

AreR-t-oring.cent ral

processor 46 indicating that the elevator car 12 has ?%%ﬁg;ﬁrﬁésﬁ@ﬁﬁired.
The advantage to this approach is that a single gendric de&léfERan bel used
for both the target 16 and synchronizat1on target 18. Desi an of the
Target Bracket for Hol ding the Taraet The target bracket 48 for the
target 16 qT’Synchronizatlon target 18 Is installed on the rail 26 as shpwn
in Fig. 2. {The rail 26 is a convenient and consistent feature in al
hoi st ways 144. The target bracket 48 consists of a fixed rail clanp 92,
that is perjmanently affixed to the target bracket 48 and a slidjng rai
clanp 94 which.slides along a glot in the qéQQet bracket 48 o~ quick
assenbly. The target 16 or sy froni zatio jtarget 18, ) unged onto an @rm
whi ch t el escopgs—+nto—thetRAarget brack 4 i e?%z%ggi action all ews
overal |l lenpth ﬁ%?“f?gﬁwah tall ations € i ni ni jzegvadarR¢ provi di ng

f1exibility]for| 4eny ﬁeng}h appl i cat /\ A gauge| tool cam be used for
uni f or m pl afenmgfe~edic éfférg@p 16 and{syn ni zat { t 18 relativi
to the rail] 26. iver'p/, t he target :{L6 o\r synchroni zati on takgget 1
may be nounied . rThin the hoist” 14, in which case th ar get
bracket 48 woul d/be affi xdd %%;ecthy to - Y
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the wall

thereby alleviating the need for clanps.

Instal | ati on Sequence

s:The | ength of the hoistway 14 nmust first be exam ned in order to choose a

lTocation for the target bracket 48 and target 16 which does not

wi th ot her
20 and the

interfere

hardware. The elevator car 12 is then nDVe$ULU,%Ep H-st—H oor
14 WSy o, DrrachkiEr hs
and target 16 installed onto a rail 26 a? a chosen | deati-of—T ar 24

is then installed so that the sensor 24 is approximately mdway on the

target 16 i peathd

at the fl oo
critical si
be taken w

hce this is conpensated for by calibration. However, care nus
h pl acenent al ong the renmaining
;L
7
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. cLO
= S
?a:./
Y, ‘/
Vo=l | ) "

directions when the elevator car 12 is approximtely |evel
20. The placenent along the direction of travel ZZ IS not
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Elevame sae
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" two axes to

24A of the sensor

mar ki ngs to

16 and synchroni zation target 18.
(TAG can be used to adjust the distance between the rai
16. The el evator car

insure that the target 16 lies m dway between the sensor

red
715G Stk D nakingaNent

I espeeiLAnEDt he targ
“arget—atignnent gau
26 and the tar

aid in positioning of the sensor 24 wtH
Altegnatively, a

12 will

installatio

of the synchronization target 18 will be carried out in the

sanme manner jas that of the target 16. Targets 16 should be installed on

floors 20 i

Nunber Vari

t he el evato
taken. This
si gnal procg
at whi ch t he
i nvol ves firn
hoi stway 14
synchroni ze
20 and the f
the floor 2(

t he sane manner. Calibration of the Leveling Variable, Fl
ble, and Direction of Travel Variable During calibratio
car 12 must be noved to every floor 20 and a neasurenent
nmeasurenment will be used to correct the count stored in the
bssor 22. The corrected value of the count indicates the coun
b elevator car 12 is level with the floor 20. Calibratio

st mQying the el evator car 12 along the entire length of the

in qage to encounter the synchroQization target 18 and ther
the coupt. The elevator car 12 isgthen noved to the first fl
| oor Jnubber and the position of tHhi evator car 12 relative
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then be moved to the second floor 20 and fh

| egs
i 16 and that a beamof emtted |ight between the emtter
= 30 and corréspondi ng detector 32 of the same sensor group 34 is

within the slot 16B. Typically the sensor 24 is pro\i-

et

ge
get

a)

-

Al |
DOr
X

pby
bor
to




the renote elevator nonitoring central processor 46. The
15 renote el evator nonitoring central processor 46 then calcul ates a
corrected count which corresponds to the |eveling variable 36 at that
fl oor. For exanple, assum ng that the count is zero (—at_the first floor
20 and the el evator car 12 stopped 6 mm above the fi?éﬂﬂ$sﬂb$r2@smhs§;

[

corrected count woul d equal negative two*(-2) which i{ndi cati®sachat th
desired floor 20 was two (2) steps of 3 mmeach (i.e., 6 M) below the

el evat or carld2 when the elevator car 12 stopped. The sane procedure is
followed for] all floors 20. Addi t1 onal” ENDOOTTTETTS AT ettt Freth——
enbodi ment Moul d be to use a reflected |ight detection technique rather
than the trgnsnmtted |ight '

Fic, ¢

ZHA - This Sheet Has Been Replaced




detectlon technlque descri bed above. A different target 16 design woul d be
. required wherein the light interactive regions would be light reflective
<strips 16C affixed to both sides of the target 16 as shown in Fig. 7A and

Fig. 7B. A different sensor 24 design would al so be prequired wherein—+he
emtter 30 and correspondi ng detector 32 of a particuf ﬂvs@ﬁgﬁﬂl‘?%uﬁ‘
woul d be mounted on the sanme | eg 24A of5the sensor 24| The REPRKTSE f set
which results in the binary signals 28 could be produced by either
of fsetting the-light reflective strips 16C as shown in Fig. 7B or by
of fsetting s—shown in Eig 74
nodi ficatiops could be made to the sensor 24 and still be within the scope
of this dis¢losure. For exanple, the emtters 30 could be pul sed rather
than excited by a direct current. One advantage to pulsing is an inprove

4

-

life of thefemtter 30 due to |ower average power dissipation. A second
advant age i $-@n inproved noise imunity achieved by increasing the
anpl i tude ofl, The pul se excitation to produce a higher |ight|output. The
greater anplfitu pernmts thej sensitivity of the correspond| ng detector 32
to be decreased whtch resultslin an venment in anbient |ight inmmunity.
Anot her advantage is the stat]stical inpriovenent in the \{\\\
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16 anbient light immunity due to the limted duration of sanpling by
the corresponding detector 32. One di sadvantage of pulsing is that there is
San increase in cost and conplexity of the electronics to create the pul se

and synchroni ze the correspondi ng detection. A second di
the speed of operation of the pulsed systemis [imted.
width of the emitted light is determ ne@ by the optical

correspondi ng detector 32. Frequency of the pulses is driven by the need to

have a mi ni
16B, but a

num of two (2) to four (4) pulses within the width of a slat

the repetition rate increases the pul sed excitation approach

a direct cyrrent excitation. A second nodification to the sensor 24

woul d i nvol
one sensor

ve mounting all of the emtters 30 of each sensor group 34 or
| eg 24A and all of the corresponding detectors 32 of each sen

group 34 onl the other sensor leg 24A in a parallel fire arrangenent of

sensor gro
cost associ

qps 34 as shown in Fig. 4B. Although there may be a savings in

ated with wiring the emtters 30 in parallel the correspondi g

detector 32 may be nore susceptible to false triggering in this

configurati

on. " Athird nodification to the sensor 24 would invol ve
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nmounti ng one
£orrespondi ng detectors 32 on the renmai ni ng sensor
emtter

as shown in
retain the 3

sensor groups 34 of the preferred enmbodi frent .

spaci ng nust
expensi ve t

30 dual

emtter 30 on one sensor |eg 24A and nounting two

leg 24A in a single

correspondi ng detector 32 arrangenent of sensor groups 34

Fig. 4C The placenent of the corresponding detectors 32 woul d

mm vertical spacing in the direction of av-el tweeh
Fbmeverf“the &oh@éﬁ

be kept to a mininmum This nodification woul &%

paouf acture due to the reduced nunber of enltters 30, however ,

n\'

nf
g

Horf
PLAG

it my be ng
enbodi nent ¢
| onger than
the target ]
produce

counts as if

re susceptible to false triggering. An alternative
f the synchronization target 18 is designed to be slightly
the target 16 and woul d need to be manufactured separately f
6. Alonger length is ghosen because a shorter |ength may
17 t he sanme nunber of
the el evator egr—12 heﬁ\ .
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stopped partially on a target 16. The synchronization target 18 is

dnstalled at

only one floor 20 which can be neither the top nor bottom

floor 20. The second floor 20 has been sel ected as the preferred site.

Synchroni zation is required due to long termdrift

event the re
el evat or car

i nvolves only two floors 20,

directi on of

noni tor central processor

In an applicat®on of the p
synchroni zation i s not required,
travel variable 40 denotes whether the el evator car

not e el evat or

12 i s noved.
si nce

going to th
acconpl i she
correct cou
provi ded th
for all tar
the count c¢
call. Even
regai n sync
used (e.g.,
alternative
woul d be en
enmbodi nent

groups 34 by a nultlpge of the slot 16B spacing. The separation is
det erm ned by C
: ) 3 AP _
§'¢ 11 J «41 .
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The di sadvghtage of this nmethod is that floor leveling erro
pount ere ¥l e the count renains unsynchroni zed. Anot he
voul d Stat ign of the sensor 24 and target 16 as showh

in Fig. 8A and Fig. 88B The sensor 24 of Fig. 8A separates the sensor

12 is
.T1rst or second Troor 20 Syrreihmromrattor—totH-t—ai-5-0—b4
by a purely software based approach. During calibration the
t for the top and bottom floors 20 coul d be determ ned and
t the total nunmber of targets 16 installed is known the count
ets 16 could be determned. |I|f the count exceeded a thresho
uld be reset to the value for the first floor 20 at every do
ually, the elevator car 12 would reach the bottom fl oor and
roni zation. In applications where the first floor 20 is seld

the basenent) jg@he top floor 20 could be used as an

D
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“equation (3) as follows: separation = 3 MqMm+ (M* 6 nmm)
.{3) Mmay be any integer value. The case shown in Fig. 8A equates Mto one
(1). The output of this approach is a standard quadrature signal once both
sensor groups 34 are on the target 16. During the period of time that the
sensor groups 34 are _ | I8 —anly.
partially on the target 16 first output $tates 98 of ﬁLg. 9§gﬁpdﬁﬁdﬁaMﬁ
change in direction. The significance of this is that a“§VnéﬁLéhE2atiom
target 18 cgn be generated by sinply covering the first slot 16B on the
target 16 ap shown in Fig. 8A It should be noted that Tirst output stargs
98 of Fig. PB and second output states 100 of Fig. 8B are identical except
for the nishing codes shown by a gap 96 in the second output states 100 §f
Fig. 8B. Therefore, a pattern recognition technique could be used to
di sti ngui shy bet ween t he

n
)
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01 50
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O202 2004400~ 400+ 2400 4200~ QOQ-*-00
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first output states 98 and the second output states 100, and thus between
the target 16 in Fig. 9A and the synchroni zation target 18 in Fig. 8A

An inportant feature of the present invention is that the sensed signal 44
i$ a quadrature square wave with as near 50% duty cycle as possible. The
present invention provides the sensed signal, 44 using a target 16

sensor 24 that trigger when half of the cor PHEpUIE ﬁgeﬁtet g&t‘ﬁ?t‘%’?"ﬁ&%? .
exposed to the enmitter 30. An alternate approach would use a sensor 274 that
triggers as soon as any of the corresp?zgtng detector 32 is exposed to the
emtter 30. This sensor 24 arrangenent ' | d provide an asymmetric sensed
signal 44. The asymmetry is corrected by adjusting the relative wdth of
the light interactive regions while keeping the pitch bet n the Iight

interactive reghgftgihﬁ sane. There nmay be i mprovepe i n accuracy
over the lifeti the present inventiopf by eq_LQyLngMb98R§§ynnetric
sensor 24 and target 16 descrlped. _\\éég:y _____ JGENERATOR 19
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CLAINB We CJa|n1
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S B s s

for

| evel
fl oors,

nmoni toring of an el evator car
conprising the steps of:

providing a plurality of sensed didnals which is indicative of an el evator
position of said ¢ vﬂtlbrN&ﬁﬂ%?el atlive to a plurality of tar gets having a
plurality of |ighf absorptive surjfgces and a plurality of i nt ctive
regions, said plujalTTy of targets jmounted W@ﬁith%éﬁ‘%ﬁtﬁo?st(\?@?b §§§ .
pIurallty of fl oofs. processing said plurality of sensed signals for

provi ding a | eveling variable, a floop nber variable and a direction of

travel varliﬁgs_gaach indicates a direction of travel of said elevator car
Wi thin said S and storing ngd | eveling varjiable. floor nunber

within a hoistway g
[
I

vari abl e and ect i rlable at a renote eﬁElﬁ;dBAthltorlng
central proc —of clalng;_Jouiuw_ﬁnﬂnLKS|ng
the step of afi al e, flaoqr nunber oyariabl™e and
direction of I va i abl e as st sdi d reno ‘Loevéf 52m)nltorlng
central proc g0
! \
1
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3¢ The nethod of claim1, wherein said step of providing a plurality of

sensed signals
whi ch reacts w

CORPT T ps of : emtting light froman emtter
BﬁPEAGﬁ@%Mmpgﬁgéﬁ of light interactive regions of said

t ar get’; erfi tfti g said Tight] fromsaid emtter which is absorbed by

said plurality
detecting said
light interacti

or nore of said

lf ghtipaliegy pii ve surfaces of said target; and
grg qap%’glﬁgg{ii i ght react sSubistituteashkeatl-8 hiddtybef 19a7d

H target q¥ 8 correspondi ng detéector;,ohe
correspondi ng / 20

detectors which
or nore of said

FIG.4C

gdetect said light fromone or nore of said enitters and one
emtters formng a sensgr™g oup.52

32

——
——
-
-
-
-

FIG.4B




4. The nethod of claim3, wherein said step of detecting said |ight
conprises the step of receiving said light after said Iight passes through
said pl urallty of light interactive regions of said target by a

cor respondi ng_det m-3ai d sensor group of said emtter, each
sensor group’ bemg\,Cc{ ﬂEsl\éeTt Frq any ot her sensor group by a pr edet er m ned
di st ance meas;x —along—a Ventilcal axis in Sebstitgite sbeelon3dfO¢tohee|1 97 said
el evat or car. @\{Tﬁ? Jmgt hod of claim 3, wherein sard step of :
detecting salgi |f8hli sgsjthe step of receiving said lighgg after said
light is refl gc e durgdal ity qf/$| ght interactive regi eng of said
target by a carrespondl ng detegtor within said sensor group of id
emtter. . _6—FheTeThod of claim5 further conprifSing the stepjof

of fsetting each sensor group from any ot her sensor group gy a predet egm ned
di stance along a vertical axis in said direction of rg_\/e‘ltg@f sai d el Ivat or

car. 7. The nmethod of claim5 further conprPPs$ing ghg step of

of fsetting each of said plurality of light interact{®e \le§i®@ns of sai
target by a predeterm ned distance neasured al ong a@ertigag ays--hn $aid
direction of travel of said el evator g’:o LI
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car.

21

si gnal s;

correspondi ng det ect

and

8.
determ ning a plural
light emtted by on
emtters an
detectors within sa
detected light by s
emtters within sai

The

!

d

;
ef
Eid correspondi ng |

representing a presence
IGr,&f’erne or nore of said emtters
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further conprising the steps of:
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within said sensor group as a logic 1 state of said binary signals.

9. The method of cl.aim$8, further conprising the steps of:

cal cul ating a sensPhpmosiH; Qyreaid sensor relative to said plurality of
targets which is e?ﬂdﬁgﬁgﬁmg "Ugfblevator posi tion by maintaining a
count of said binaly|signals; and| li determ ning said |eveling variable,
floor number variapl p @i NOW 8897 gn [of tr avetuBBitiigniheet - Ositeberol@97
10. The nethod of £lhim9, furthen qonprisé&ﬁa1:he step of synchroni zing
said count using ohe Or nore synchrgnizati argets mounted within said
hoi stway at one orinore of said plugality of floors which differ in a

predeterm ned way fromsaid plurality of targets.
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