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BACKGROUND OF THE INVENTION

The present invention relates generally to an apparatus for detecting objects
adjacent open elevator doors and, in particular, to a light barrier for automatically
controlling elevator car doors in response to detected objects.

The United States Patent No. 4,452,009 (European Patent Specification 0 081

_110) shows a light barrier having light emitting transmitters slidably mounted in

grooves in the elevator car door sill and coupled to the elevator car doors for
movement adjacent the leading edges of the doors. Light receivers are mounted on
the upper edges of the car doors for synchronous movement with the light
transmitters. The light transmitters generate vertical light beams to the light
receivers for detecting objects near the door edge. The light receivers are connected
to the door control to control the automatic actuation of the car doors which reopen
upon detection of an object. An advantage of detection limited to the door edge is
that the door control is not unnecessarily interrupted by objects far away from the
door edge. However, a disadvantage is that such a light barrier will not detect
objects spaced from the edges of the doors such as a person in the hallway about to
enter the elevator car.
SUMMARY OF THE INVENTION

The present invention concerns an apparatus for detecting objects adjacent
an elevator door including a first plurality of short range detector pairs mounted in
spaced apart relationship along a path of travel of an elevator door across a door
opening, a second plurality of long range detector pairs mounted along the path of
travel of the elevator door, and a control means connected to the short and long
range detector pairs. Each of the short range detector pairs includes a short range
beam transmitter for generating a relatively short range infrared beam toward the
path of travel and generating a short range beam detection signal upon detection of
the reflection of the short range beam from the surface of the door. Each of the
long range detector pairs is positioned adjacent an associated one of the short range
detector pairs and includes a long range beam transmitter for generating a relatively

long range infrared beam across the path of travel and a long range receiver for
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on the associated one of the long range transmitters.

10 The control means generates a plurality of control signals each turning on
and off an associated one of the transmitters which control signals are cyclicly
generated in a predetermined sequence. Each of the detector pairs includes at least
one shield for shaping and directing the beams and/or at least one lens for shaping
and directing the beams. A housing is provided for mounting the detector pairs

15 adjacent an upper edge of the door opening. The housing includes an upper wall
attached to a rear wall, a pair of end caps attached to opposite ends of the upper
wall and the rear wall and a transparent cover releasably attached to the end caps,
the upper wall and the rear wall and enclosing the detector pairs in the housing.

It is an object of the present invention to decrease the time required for

20  loading an elevator car by preventing objec'ts away from the door edge from
interrupting the door travel.

It is another object of the present invention to provide an elevator light
barrier which is modular in design to reduce the cost and installation time.
BRIEF DESCRIPTION OF THE DRAWINGS

25 The above, as well as other advantages of the present invention, will become

readily apparent to those skilled in the art from the following detailed description
of a preferred embodiment when considered in the light of the accompanying
drawings in which:
Fig. 1 is a schematic block diagram of an object detecting elevator light
30  barrier apparatus in accordance with the present invention;
Fig. 2 is a schematic block diagram of the light barrier apparatus shown in

the Fig. 1 upon detection of the moving elevator car door;
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5 Fig. 5 is an exploded perspective view of the light barrier apparatus shown
in the Fig. 4; and _ -
Fig. 6 is a wave form diagram of signals generated in the light barrier

apparatus shown in the Fig. 1.

DESCRIPTION OF THE PREFERRED EMBODIMENT

‘10 There is shown in the Fig. 1, an elevator door control system including a
light barrier apparatus 10 for detecting objects in the doorway of an elevator car.
The system 10 includes a light barrier control means 11 having an input connected
to an output of a power supply 12. The control 11 also has an input/output
connected to a signal bus 13 for generating control signals to turn on and off a
15 plurality of infrared transmitters and for receiving detection signals from a plurality
infrared receivers. For example, a first short range transmitter 14 has an input
connected to the bus 13 and an associated first short range receiver 15 has an output

connected to the bus 13. The transmitter 14 and the receiver 15 form a short range

infrared detector pair which is positioned adjacent a path of travel 16 of an elevator

90 car door 17 having a leading edge 17a. The éctector pair 14 and 15 is positioned
facing an inside surface 17b of the door 17. In response to a control signal
generated on the bus 13 by the control means 11, the short range transmitter 14
generates an infrared beam 18 which bhas a relatively short beam range which
extends at least to the inside surface 17b of the door 17.

25 Adjacent the short range detector pair 14 and 15 and spaced along the path
of travel 16 is a first long range transmitter 19 having an input connected to the bus
13 and a first long range receiver 20 having an output connected to the bus 13. In
response to a control signal generated on the bus 13 by the control means 11, the
first long range transmitter 19 generates an infrared beam 21 having a relatively

30  long beam range which extends beyond the path of travel 16. When the beam 21
strikes an object 22 near the path of travel 16, a reflected beam 23 is generated to

the long range receiver 20." The long range receiver 20 responds to the reflected
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of travel 16.
A second short range transmitter 25 has an input connected to the bus 13 and

10  an associated second short range receiver 26 has an output connected to the bus 13.
The second short range transmitter 25 generates a short range infrared beam 27
which is similar to the infrared beam 18. The transmitter 25 and the receiver 26
are a second short range detector pair positioned along the path of travel 16 on the
. opposite side of the first long range detector pair 19 and 20 from the first short
‘15 range detector pair 14 and 15. A second long range transmitter 28 has an input
connected to the bﬂs 13 and an associated long range receiver 29 has an output
connected to the bus 13. The second long range transmitter 28 generates a long
range infrared beam 30 which is similar to the beam 21. Tbe transmitter 28 and the
receiver 29 are a second long range detector pair positioned along the path of travel
20 16 on the opposite side of the second short range detector pai"r 25 and 26 from the
first long range detector pair 19 and 20.
As shown, the short range transmitter/receiver detector pairs alternate with
the long range transmitter/receiver detector pairs along the path of travel 16.
Although only two short range detectdr pairs and two long range detector pairs are
25 shown, additional detector pairs can be provided and the total number of detector
pairs will depend on the desired spacing and the length of the path of travel 16.
The light barrier apparatus 10 is shown in the Fig. 2 wherein the door 17 has
moved along the path of travel 16 such that the short range infrared beam 18 strikes
the facing surface 17b and generates a second reflected beam 31. The first short
30  range receiver 15 detects the reflected beam 31 and generates a short range beam
detection signal on the bus 13 to the control means 11. The control 11 responds to

the detection signal from the receiver 15 by terminating the control signal to turn
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by the short range infrared beam 27 being reﬂected from the facing surface 17b of

the door 17 to cause the control 11 to terminate the control signal to turn off the

10 second long range transmitter 28 before the door arrives in a position adjacent to
that transmitter.  Accordingly, the light barrier apparatus 10 functions to |
sequentially shut off the long range transmitter/receiver detector pairs as the door
17 closes to permit the detection of objects in the portion of the door opening not
yet covered by the closing door 17. In a similar manner, as the door is opening,

15  each short range transmitter/receiver detector pair will turn on the adjacent just
uncovered long range transmitter/receiver pair. As an alternative, the control means
11 can respond to the short range beam detection signals by ignoring any associated
long range beam detection signals rather than ‘turn off the long range beam
transmitters. Thus, in response to a short range beam detection signal, the control

20  means 11 disables the associated long range detector pair by either turning off the
control signal or ignoring the associated long range beam detection signal. In
response to a termination of the short range beam detection signal, the control
means 11 enables the associated long range detector pair by either turning on the
control signal or responding to the associated long range beam detection signal.

25 If the path of travel 16 of the door 17 is in a substantially horizontal
direction, the short and long range infrared transmitters each generate their beams
in a generally vertically extending plane perpendicular to the plane of the door. If
the path of travel 16 is in a generally vertical direction, then the short and long
range transmitters each generate their infrared beams in a generally horizontally

30  extending plane perpendicular to the plane of the door 17.

There is shown in the Fig. 3, a fragmentary top plan view of an elevator car
having a light barrier apparatus 10 in accordance with the present invention wherein

5
This Sheet Has Been Replaced

T




“barrier apparatus in accordance with the present |nvent|og_,_____,__.-la-qﬁ——i‘~
is a schematic bl ock diagramof the light barrier apparatlUsuisiseBaT iHAS{HE™ '\
Fig. 1 upon detection of the noving el evator car door; REPLACED )
Fig. 3 is a fragnentary top plan view of an el evator car Tncl udng the
lights barrige capRess %@bﬁ &hO80r 82 bPQ Huillingl; The ﬂoor 32 hhduded dnselé‘vator

fragnmentary cross-sectional view taken al ong the line 4-4 in the
entryway opening 33 formed in a hallway wall 34. An elevator hallway door 35 is

shown in the open position and can be moved to a closed position along a path of
travel 36. An elevator car 37 has a car door opening 38 formed in a front wall 39

5 of the car for the associated car door 17. The car door 17 is shown in the open
position and can be moved along the path 16 to close the opening 38.

The first short range detector pair includes the transmitter 14 and the
receiver 15, the first long range detector pair includes the transmitter 19 and the
receiver 21, the second short range detector pair includes the transmitter 25 and the

10 receiver 26, the second long range detector pair includes the transmitter 28 and the
recejver 29, a third short range detector pair includes a third short range transmitter
40 and a third short range receiver 41, and a third long range detectc;r pair includes
a third long range transmitter 43 and a third long range receiver 44. The detector
pairs are mounted in the opening 38 adjacent to the path of travel 16 and facing the
15  inside surface 17b of the car door 17.

The transmitter 14 generates the infrared beam 18 which extends across the
path of travel 16 and also across the path of travel 36 to detect both the car door 17
and the hall door 35. The first long range transmitter 19 generates the infrared
beam 21 across the paths of travel 16 and 36 and through the opening 33 to detect

20  objects and persons approaching the doors 17 and 35 from the building hallway.
In a similar manner, the second short range transmitter 25 generates the beam 27
and the second long range transmitter 28 generates the beam 30. The third short
range transmitter 40 is associated with the third short range receiver 41 and
generates a short range infrared beam 42. The third long range transmitter 43 is

25  associated with the third long range receiver 44 and generates a long range infrared
beam 45. The three short range detector pairs and the three long range detector
pairs are for illustration purposes only and additional detector pairs can be provided
dependent upon the desired spacing between adjacent and the length of the paths of
travel 16 and 36 to assure that objects of at least a minimum size can be detected

30  across the widths of the openings 33 and 38.

As shown in the Fig. 4, a detection assembly 46 is mounted on a downwardly

facing surface of the elevator car front wall 39 in the opening 38. The short
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The detection assembly 46 is shown in more detail in the Fig. 5. The

—ined

detection assembly 46 includes a housing 47 which is generally L-shaped in cross
10  section having a generally horizontally extending upper wall 47a and a generally
vertically extending back wall 47b joined together at a longitudinal edge of each.
Attached at opposite ends of the housing 47 are a pair of end caps 48 each having
a curved edge 48a. The housing 47 is closed by a transparent front cover 49 which
is curved to correspond to the curved edges 48a of the end caps 48 and is attached
15  thereto. A shortrange detector pair transmitter/receiver module SO includes the first
short range transmitter 14 and the first short range receiver 15. The module 50 is
constructed so that side wall shields 51 and/or a curved lens 52 shape the infrared
beam 18 in the manner desired which beam is transmitted through the transparent
cover 49. A long range detector pair transmitter/receiver module 53 includes the
20  first long range transmitter 19 and the first long range receiver 20. The module 53
is constructed so that side wall shields 54 and/or a curved lens 55 shape the infrared
beam 21 in the manner desired which beam is transmitted through the transparent
cover 49, Similar modules (not shown) are provided for each of the detector pairs
utilized. |
25 The proximity of the infrared transmitters and receivers to one another could
cause "cross talk" wherein the beam generated by one transmitter is received not
only by its associated receiver but also by a receiver of an adjacent one of the
detector pairs. In order to prevent "cross talk", the beams can be pulsed on and off
in a time sequenced manner. For example, there is shown in the Fig. 6 a waveform
30  diagram of the control signals generated by the control means 11 for the transmitters
and beams shown in the Fig. 3. The short range transmitter 14 is turmed on by a

control signal 18a from the control 11 to generate the beam 18 for a first period of
-
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range transmitter 43 is turned on and off by a control signal 45a to generate the
beam 45 in sequence. After the beam 45 is terminated, the control means 11
repeats the cycle of control signals. Thus, the control signals are generated in
10 sequence in cycles whereby only one transmitter is on at any one time and the

control means 11 can ignore any detection signals from any receivers other than the

car door 17 havi ng a | eading edge 17a. The detector pair 14[&11@45_1'_5\_

receiver associated with the transmitter which is turned on.
Another problem with infrared receivers is false detections due to ambient
light containing infrared rays. Such problem can be avoided by coding the control
15  signals. For example, as shown in the Fig. 6, a control signal 18b is formed of
three pulses spaced ‘within an "on” period. Thus, the transmitter 14 will generate
the beam 18 as three pulses of infrared light and the control 11 must receive a
pulsed detection signal from the receiver 15 having the same frequency to recognize
a valid detection signal. Control signals 21b, g7b, 30b, 42b and 45b can be coded
20 in a similar manner. The control signal coding can be any known form of
frequency or pulse width modulation and each control signal can be coded
differently. Different coding could eliminate the cross talk problem.
Also, the spacing between the detector pairs 50 and the spacing between the
detector pairs 53 can be such that it is not necessary to turn on only one detector
25  pair at a time as shown with the control signals 18a, 21a, 27a, 30a, 42a and 45a.
For example, it may be possible to turn on all of the short range detector pairs 50
at one time as shown by the control signals 18b, 27b and 42b and to turn on all of
the long range detector pairs 53 at another time as shown by the control signals 21b,
30b and 45b. Other combinations are possible depending upon the required spacing
30  between active transmitters.
The detector assembly 46 can sequence from the left to the right or from the

right to the left depending upon the direction of operation of the door 17. If the
I

Has Been Replaced

T

8
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door back and forth along the path of travel 16. The cont rot—tI~responds to
the detectiong SERS t | i pen
signal to the %g%?@g%erat%?ﬁ@gmf}%ﬂ lsc?)gf)sr g’%ﬁ%ﬂﬁ c%g%'?gbe g%&%‘? Cslgeét e
travel of theastemblyld6 tam tar epeeattd tohsequence ﬁmmeregntedgmaﬁhomrenmcapsrl&i ng _

Second shor i RBRGEOISSENE 6F eSOREOn ASFHET: JE RFBEs Bl Bomsingodh b3 and

formed as an extrusion and cut to length to accommodate the width of the opening

5  38. The detector assembly 46 can be installed on existing elevator cars wherein the
mechanical edge detectors can be retained for backup purposes.

In summary, the present invention is an apparatus for detecting objects
adjacent an elevator door comprising a first plurality of the short range detector
pairs 50 adapted to be mounted in spaced apart relationship along the path of travel

10 16 of the elevator door 17 across the door opening 38, a second plurality of the long
range detector pairs 53 adapted to be mounted along the path of travel of the
elevator door, and the control means 11 connected to each of the short range
detector pairs 50 and each of the lorig range detector pairs 53. Each of the short
rénge detector pairs 50 includes one of the short range beam transmitters 14, 25 and

15 40 for generating the relatively short range infrared beams 18, 27 and 42 toward the
path of travel 16 and one of the short range receivers 15, 26 and 41 for detecting
the reflection 31 of the short range beam from the facing surface 17b of the door
17 and generating the short range beam detection signal. Each of the long range
detector pairs 53 is positioned adjacent an associated one of the short range detector

20  pairs 50 and includes one of the long range beam transmitters 19, 28 and 43 for
generating the relatively long range infrared beams 21, 30 and 45 across the path
of travel 16 and one of the long range receivers 20, 29 and 44 for detecting the
reflection 23 of the long range beam from the object 22 near the door opening 38.
The control means 11 turns on the trapsmitters 14, 19, 25, 28, 40 and 43 to

25  generate the beams 18, 21, 27, 30, 42 and 45 and responds to each short range
detection signal generated by the short range receivers 15, 26 and 41 during closing
of the door 17 by turning off the associated one of the long range transmitters 19,
25 and 40 and responds to termination of each of the short range detection signals
during opening of the door by turning on the associated one of the long range

30  transmitters.

The control means 11 generates the plurality of control signals 18a, 21a,
27a, 30a, 42a and 45a, each control signal turning on and off an associated one of
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det ect [ and. [ ' h S . Qo d 15.
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30 which is SAhid0adZiandidycandéormat daast meclens S and 53 dor shaping @nd idirectingstheer 29
are a secpnd . Jong r det egl,or pai.r, sitioned alo t he pat b, of avel

16 0n thes op et ThAEoRAF A% Bt R, RGP obfbcled pol 0 82 51426
fromthe fi r%jd&ﬂ&d W?ed@?@h@ﬁo&%ﬁénﬂa@ %Ddl'h%%ousing 47 inc‘?éde%"t@é"ﬁppe}he

short range transmtter/receiver detector pairs alternate with the 'l ong
range transmniwalbA7a attashedto thetreartwall $2h, rthe paionfjendeapp 48 lattadhed taopposits .
Al t hough only t

wo .short ran etecgtor pairs t. | ong range detegctor
pairs are shdds of Wmaw%gﬁéangrt?‘ﬁégﬁsw@é%gge“\g?%i'{fg‘épaé?fg Goer ﬁﬁt al
number of detgfh@ibly attached to the end caps 48, the upper wall 47a and the rear wall 47b
10  enclosing the detector pairs 50 and 53 in the housing 47.

In accordance with the provisions of the patent statutes, the present invention
has been described in what is considered to represent its preferred embodiment.
- However, it should be noted that the invention can be practiced otherwise than as
specifically illustrated and described without departing from its spirit or scope.
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short range infrared beam 18 strike ace 17b_ankErgagepat es }a
second refl eqVEADPEOLMMEDAS! i rst short range receiver 15 detects te—
refl ected beam 31 and generates a short range beam detection signal on the

bus 13 to the contlr ol n’etangpam;us frereopeninga cloging dopouprn detecting agebisst i on

si gnal fromt eice ver ytermnatlngthe control signal to turn
5 Jacen a door opemng comprising:

a short range detector pair (50) adapted to be mounted along a path of travel

5 (16) of a door (17) across a door opening (38), said short range
detector pair (50) including a short range beam transmitter (14) for
generating a relatively short range infrared beam (18) toward the path
of travel (16) and a short range receiver (15) for detecting a
reflection (31) of said short range beam (18) from a facing surface

10 (17b) of the door (17) and generating a short range beam detection
signal;
a long range detector pair (53) adapted to be mounted adjacent said short
range detector pair (50) along the path of travel (16) of the door (17)
whereby the door (17) passes said short range detector pair (50)
15 before passing said long range detector pair (53) as the door (17)
close§ the door opening (38), said long range detector pair (53)
including a2 long range beam transmitter (19) for generating a
relatively long range infrared beam (21) across the path of travel (16)
and a long range receiver (20) for detecting a reflection (23) of said
20 long range beam (21) from an ot;ject (22) near the door opening (38)
and generating a long range beam detection signal; and
a control (11) connected to said short range detector pair (50) and said long
range detector pair (53) for turning on said transmitters (14,19) to
generate said beams (18,21), said control means (11) responding to
25 said long range beam detection signal generated by said long range
receiver (20) during closing of the door (17) by generating a reopen
signal to a door control (24) controlling movement of the door (17),
said control (11) responding to said short range beam detection signal
generated by said short range receiver (15) during closing of the door
30 (17) by disabling said long range detector pair (53) and responding
to termination of said short range beam detection signal generated by

-

een Replaced

) " il



“off the first | ong rangetgﬂmm! reby extinguishing the first
| ong range infrared beam Mm“ H Ei g. 1. Thus, r&@ﬁs LOBEr BASGEEN
* 0

receiver 20 will not receiVe & rieflrecte eam when t he Or HpfLADERS in
front of the first long range transmtter 19 such that “4he—eontTo and
the door control 24 w kiid RRbrt @REYeebeilér (15) Gﬁﬁﬁ%_@pérﬁﬂ 0f hel ddort(1ay @dr of the
door 17 as woul d ot herw se happen because an object (the door) was
detected. In a sinil arcrablingsaidilerg magedercetanpair (3hge receiver 26 will
detect a reflected beam (not shown, but similar to the beam 31) generated
by the short range infrared beam 27 being reflected fromthe facing surface
17b of the door 3%7.1oTHausRriEa&oRifidto didint © wHREH S48 Rodthal xﬁ&'ﬁ&??ﬂ) si gnal
to turn off the second |lohg range transmtter 28 before the door "arrives
in a positi odisablpssaidlongaangehdetectar pain(iS8) by turniag ofif alconio) signaie(21 d)gimtd
barrier apparatus 10 functions to. se ially shut,off the | r.ange
Crans ¢ or, PRLIES,BH! loge Sengd epior o2 E S Pty Bisuihe Shpid omwel Send A1t Fhe
detection of objects in the portion of the door opening not vyet covered by
the closing door 17. In a simlar manner, as the door is opening, each
short range trans#itteThe epparates acderding torclgiai t whietdin said comtrol teans §] Bcent

j ust

disables said long range detector pair (53) by ignoring said long range beam
10 detection signal and enables said long range detector pair (53) by responding to said
long range beam detector signal. '

_
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“uncovered long range transmitt B@B i [ As an alternative, the
control neans 11 can respond B H mﬂke beam detection-SLANAES by
ignoring any associated | ong mjiﬁﬂ ﬂ i on signa ;ggrsgﬁ%\%‘%hah tLrn

off the long range beam transnitters. Thus, in responde-t-e—a—shefrt-range
beam det ecti on signal, I Eﬁ%‘fb i | ' | ong
range det ector pa?'r by%??%%?ﬁ%sd?rqftﬁg J%c#eﬁha?gﬁtaggf&gﬁégg olfal?tgcﬂori ng

t he associ atmdvémerg of ahgelebstaridetetodadprisingsi gnal . In  response to a

term nation of the short ranﬁ]e beam det ecti gn siognal, the control nmeans 11
enabl es the assoct flwalityopl Sherh Jangeedatester, paiEs (S0pyadaptedide Beumenngdon t he

Contrp! S1onal o ¢ oS PORLT B rd 0 MR e D) PR SR O
substant§al 'y hori zont@ordi7)eirdsea, ddobh @peding (383nehch @atg shévd genge deteatozd

transmtters each generate_their beans In a generally vertical I%Q/extendi ng
pl ane perpendi cul ar t oPah&5Q) iagludizg & seortisange hepmy wansgutter 9, 2%4Wefor16 is

ansi teers sach gencFabiRinRa By 3ot Maed 1Rfdee Beun 10027 20T fomard ot 1
extendi ng pl ane per pen@e gattaiof teavehe16p! snden Sort b@geqeéeidel} (15,26,41) fopere is

shown in the Fig. 3, a fragnentary top plan view of an el evator car
detecting a reflection (31) of said short range beam (18,27,42) from

10 a facing surface (17b) of the door (17) and generating a short range

beam detection signal; '

a plurality of long range detector pairs (53) adapted to be mounted along the

) path of travel (16) of the elevator door (17), each said long range

detector pair (53) being positioned adjacent an associated one of said

15 short range detector pairs (50), each said long range detector pair

(53) including a long range beam transmitter (19,28,43) for

generating a relatively long range infrared beam (21,30,45) across

the path of travel (16) and a long range receiver (20,29,44) for

detecting a reflection (23) of sa?d long range beam (21,30,45) from

20 an object (22) near the door opening (38) and geperating a long range
beam detection signal; and

a control means (11) connected to each of said short range detector pairs

(50) and each of said long range detector pairs (53) for turning on

said transmitters (14,19,25,28,40,43) to generate said beams

25 (18,21,27,30,42,45), said control means (11) responding to each said

long range beam detection signal generated by said long range

receivers (20,29,44) during closing of the door (17) for generating a

reopen signal to a door control (24) controlling movement of the door

(17), said control means (11) responding to each said short range

30 beam detection signal generated by said short range receivers

(15,26,41) during closing of the door (17) for disabling said

associated long range detector pair (53) and responding to termination

13 This Sheet Has Been Replaced
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“having a |ight barrier apparatu e with the present

i nvention wherein theﬂlﬁﬂl mlﬂﬂﬂﬂﬂmt a roo ﬁgsgfiﬁﬁ‘r %IB@EQ
The floor 32 includes an el evator entryway epening 3 ;@r@._,\ g) vvay
wal | 34. An el evator hallway door 35 is shown in the ope

be noved to a closed pogfdatipsaidbivrCradgdbdath &B‘techbﬁ\sighallﬁ@neré&d%'%ﬂ'ﬂtsﬁéncar 37
has a car door opening 38 fornmed in a front wall 39 of the car for the

associ ated car door 17.TangR Teceivesvdls,2¢.41s dyrisgwppepingnef dgedoor (17) for
enabling said associated long range detector pair (53).

5 5. The apparatus according to claim 4 wherein said control means (11)
generates a plurality of control signals (18a,21a,27a,30a,42a,452) each turning on
and off an associatgd one of said transmitters (14,19,25,28,40,43).

6. The apparatus according to claim 5 wherein said control means (11)
10  cyclically generates said control signals (18a,21a,27a,30a,42a,452) in a

predetermined sequence.

7. The apparatus according to claim 4 wherein said control means (11)
generates a plurality of coded control signals (18b,21b,27b,30b,42b,45b) each
15  turning on and off an associated one of said transmitters (14,19,25,28,40,43).

8. The apparatus according to claim 7 wherein said control means (11)
cyclically generates said coded control signals (18b,21b,27b,30b,42b,45b) in a
predetermined sequence.

20
9. The apparatus according to claim 4 wherein each said detector pair

(50,53) includes at least one shield (51,54) for shaping and directing said beams
(18,21,27,30,42,45).

25 10.  The apparatus according to claim 4 wherein each said detector pair
(50,53) includes at least one lens (52,55) for shaping and directing said beams
(18,21,27,30,42,45).

11.  The apparatus according to claim 4 including a housing (47) for
30  mounting said detector pairs (50,53) adjacent an upper edge of the door opening
(38).
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: 'pbsition and can be noved al on mnnncl ose the openi ng 38.

The f| rst short range det ectorg““ ﬂ““m u . e.transm' tt-ghs J;A;-g@mq:.\t;m@_m
.receiver 15, the first long range detéect®r Spai*r includesithe trgnaotbter 19
and the receiver 21, the second short range detector pair—tnctodes The
transmtter 25 angat he'rh&eag@h rafis ZLordime t¢ @d4tmd 11 oviieréin NGIRI BBhSSE @a7)Pal I
includes the transmtter 286 and the receiver 29, a third short rgn )e
det ect or pai incluses gnawpper Wkl (4733 adached tmagearrwalk (A7b), a painof enticaps (48)r d
short range rgceiyer 41, .and hi.td | on det ect or | r,d0cl udes a
third 1 ong. r Agrael ia poRsid el of st oppinfl S abd 55 rohe BBl (aind Gt ST

detector paifmfisparéht TOVEH @Y) réledshisly ARECHeA o 33idPEHdP 64 1(48)0 shiheul@ei Rva@lf
travel 16 and facing the inside surface 17b of the car "door )
The trandm t (442) and geidaeartwall (47b) enclosingesaidodesentarspainsi(5h, Sekinattshausingss t he
pat h of travg‘#alG and al so across the path of travel 36 to detect both the
car door 17 *the hall door 35. The first long range transmtter 19
generates the infrared beam 21 across the paths of travel 16 and 36 and
t hrough the opening 33 to detect objects and persons approaching the doors
17 and 35 from t hd3bui Mie mppdrati$ aecprdidgtoaclaimt (vehereimsaid conttdiemeaas ¢hlj short
range trans md%staﬁgs sza?d %’%8&5%& ?gngt rgggebc?eztiengtozipair (53) by turning off a control signal

10 (21a,302,45a,21b,30b,45b) and enables said associated long range detector pair (53)

by turning on said control signal (21a,30a,45a,21b,30b,45b).

14.  The apparatus according to claim 4 wherein said control means (11)
disables said associated long range detector pair (53) by ignoring said long range
15  beam detection signal and enables said associated long range detector pair (53) by

responding to said long range beam detector signal.
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"dnd the second | ong range transpj ftes the bea3 Ak BEEW@
short range transmitter 40 is iﬁ‘ ﬂ ﬁJ]WﬂBmhe third $ ‘&pggfﬁépgﬁw

r.eceiver 41 and generates a shof s d beam 42.%—%—0@;—'
range transmtter 43 is associated with the third | ong range receiver 44

and generates a | of5g 1 4gppiGhAT £ AR50 BBfRct Hifiert Y bIeVABEQOGET eCt of

pairs and the three | ong rahge detector p l'ustration purposes
only and addicompsingdet ector pairs can be provi ded dependent upon the

desi red spaci ng between adjacept. and the |ength of the paths of travel 16
and 36 to assure tHhBRUSE;@ @Cgﬁ“&aq wRpet “ﬁ‘ﬂg{f"fﬁ)rﬂgﬁ?@i%acfﬁﬂ well {Ebict ed

O et e oot S b U sAREAE AR st ot oI A 10D 0,
el evator gar front wal land%aidrreitwald psfd)ng 38. The short
a transparent cover (49) releasably attached to said end caps (48), said upper
wall (47a) and said rear wall (47b) closing said housing (47);
a plurality of short range detector pairs (50) mounted in said housing (47),
each said short range detector pair (50) including a short range beam

10 transmitter (14,25,40) for generating a relatively short range infrared
beam (18,27,42) toward a path of travel (16) of an elevator door (17)
across a door opening (38) and a short range receiver (15,26,41) for
detecting a reflection (31) of said short range beam (18,27,40) from
a facing surface (17b) of the door (17) and generating a short range

15 beam detection signal; .

a plurality 01; long range detector pairs (53) mounted in said housing (47),
each said long range detector pair (53) being positioned between an
adjacent pair of said short range detector pairs (50) and including a
long range beam transmitter (19,28,43) for generating a relatively

20 long range infrared beam (21,3‘0,45) across the path of travel (16)
and a long range receiver (20,29,44) for detecting a reflection (23)
of said long range beam (21,30,45) from an object (22) near the door
opening (38); and

a control means (11) connected to each of said short range detector pairs

25 (50) and each of said long range detector pairs (53) for turning on
said trapsmitters (14,19,25,28,40,43) to generate said beams
(18,21,27,30,42,45), said control means (11) responding to each said
long range beam detection signal generated by said long range
receivers (20,29,44) during closing of the door (17) for generating a

30 reopen signal to a door control (24) controlling movement of the door
(17), said control means (11) responding to each said short range

beam detection signal geperated by said short range receivers
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7 range infrared beam 18 Tﬂ"ﬂTﬂ’”ﬁlmnuﬂPsseml y 46 across: ey
portion of the car door r 35. Thus, tHher Jmeaa‘rWESh’\é i J
relatively small in area and Wil 1" ndt Be Feflected by perjsons ang-/dhect s

entering the car 37 fromthe hall 32 as they generally wiTT pass under the

short range beam On t Ife5,06 ey duamg clobigg | eMghe doog 1D For RﬁsabﬁngxﬁaﬁhSI ve
I n area and extends into the hall eyond the, wall 34 and k6 extends adjacent

to the bottom edges of asseélatfédmmg@dﬁyecwpazm@@antin@pm:us@ltermnamorbe :

flected b t
The det ect i on assenbry OhchSRfbn He8 Hohe ddtchVienal gcrcPalld sty
detection assenbly 46 H@buﬁ@@;v@rshgggm)ﬁuﬁﬁy %‘Exﬂu‘% QENBE aldoy (I;7)stfg,ped in

cross section having a generally horlzontall gper wall 47a and
a generaldy enabling said associated long range detector pa1r (53)

16.  The apparatus according to claim 15 wherein each said short range
detector pair (50) has shields (51) positioned on opposite sides of said transmitter
(14,25,40) for shaping and directing said beam (18,27,42).

10
17.  The apparatus according to claim 15 wherein each said short range
detector pair (50) has a lens (52) positioned in front of said transmitter (14,25,40)
for shaping and directing said-beam (18,27,42).
15 18.  The apparatus according to claim 15 wherein each said long range

detector pair (53) hzis shields (54) positioned on opposite sides of said transmitter
(19,28,43) for shaping and directing said beam (21,30,45).

19.  The apparatus according to claim 15 wherein each said long range
20  detector pair (53) has a lens (55) positioned in front of said transmitter (19,28,43)
for shaping and directing said beam (21,30,45).

20.  The apparatus according to claim 15 wherein said control means (11)

generates a plurality of controi signals (18a,21a,27a,30a,42a,452) each turning on

25 and off an associated one of said transmitters (14,19,25,28,40,43), said control
means (11) generating said control signals (18a,21a,27a,30a,42a,45a) cyclically in

a predetermined sequence.
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‘Vertically extending back wall 47b joined together at a Ipng-L-LudLnaL._Qd_gg__
of each. Attached at opposite ends of the housing 47 are [aTH®i SHEET HAsBmAPS
48 each having a curved edge 48a. The housing 47 is closdd_by BERAdESparen
front cover 49 which _is_curved to corres ond to the curved edges 48a of Tte
end caps 48 and is HCATHBARRIE ING%@XAJQIEPPQ air :
transmtter/receiver nodule 50 |ncI udes the first short range transmtter
14 and the first short range ABSERAET OF THEDISGLOSURBE is constructed so
that side wall shields 51 and/or a curved |ens 52 shape the jinfrared beam
18 in the manner deAR RBRETEHS &oF @fé%ﬁﬁhngsant pPhirgrAdjacent %IhFBMQ}HT drer inchilepar ent

cover 49. Al de r

ncl udes the FPREDE ARGt Aian BRbtr e o Hsn Bipr Rt e Pl g Sl e
recei ver 20. B&n@ﬂgﬁrﬁﬁy b?sl?&ﬂ?ah&é'@k@dto?%ai&h@ﬂo shdQ m@:lalxgﬁdsal%h Farpd
and/ or a curved lens 55 shape the infrared beam 21 in the nmanner desired
whi ch bear i sdt:neammam €3)+ Erddushiorttrange dqm@rapamcbdm ragmisen{ld S, 40dul es
(not shown) a

f th d.
The proxi m ty 3 Biiaiig s iR ol hlE iFared bam 3B 27 D) howAE s pebent,
coul d cause &59@15(%?'&{’ anBeeRbN dddre (195 A GERE abeﬂosymgasnaraaeﬁdﬁ thfte 1S

recei ved not.
receiver (15,26,41) for detecting a reflection (31) of the beam from a facing surface

(17b) of the door and generating 2 short range beam detection signal. Each long

10 range detector pair is positioned adjacent an associated one of the short range
detector pairs and includes a transminer (19,28,43) for generzting a relatively long

range infrared beam (21,30,45) across the path of travel and a receiver (20,29,44)

- for detecting a reflection (23) of the beam from 2n object (22} near the door opening
and generating a long range beam detection signal. A control (11) is connected to

15  each detector pair for turning on the transmitters and for reopening the closing door
in response to the long range beam detection signal. The control responds to each

short range detection signal during closing of the door to fiisable the associated Jong

range transmitter and responds to termination of the short range detection signal
during opening of the door to enzble the associated long range transmitter to prevent

20  detection of the moving door by the long range receivers from reopening the door.

(Fig. 1)

[ —
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only by its associated receiver but also by a receiver of an adjacent one
of the detector pairs. In order to prevent "cross tratk: e Can hes
pul sed on and off in a tine sequenced manner. For ex ﬁ@ﬁiggégé F shown
in the Fig. 6 a waveform di agram of the control SICDBLS~ ed—by t he
control neans 11 for the transnitters and beans shown in the Fig. 3 The
short range transmtter 14 is turned on by a control signal 18a fromthe
control 11 to generate the beam 18 fo igglrs period of

8 tine and then is turned off. Next, slony range transmtter 19 is
turned on by a =

24 17
N S
DOOR | DOOR
CONTROL 18
17b ~
SHORT RANGE \
TRANSMITTER#:1
SHORT RANGE t—~—15
RECEIVER41 16
B~ /19
21 0BJECT
| LONGE RANGE )
TRANSMITTER4:1
-
1 LONG RANGE ./S/ '
\ RECEIVER#1 N\ =
20 22
CONTROL -
27
SHORT RANGE
TRANSMITTER 42
12 25
SHORT RANGE
\ RECEIVER#2 | 26
POWER 28
SUPPLY va
LONG RANGE 30
TRANSMITTER#2 \L
.
0 LONG RANGE
| RECEIVERE2 [ 27
1
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control signal 2la to generate the beam 21 which is then turned off. In
sequence, the short range transmtter 25 is turned Oﬂ-nf'@ﬁl:@HIA@BE@N ontz/al
signal 27a to generate the beam 27. Subsequently, th Ofith haBge
transmtter 28 is turned on and off by a control sitgnat—38a—togemnerate
the beam 30, the short range transmtter 14 1is turned on and off by a
control signal 42a to generate the beam 42 and the long range transmtter
43 is turned on and off by a control s | 493 to generate the beam 45 in
sequence. After the beam45 is termn st h ontrol means 11 repeats
the cycle of control signals. Thus, the control signals are generated in
sequence in cycl @Wnereby only one transmtter is on a‘; any one time and
the control 11 can ignore any detection signals Fiom any receivers
ot her than the ei ver associated with the transm’tterM

on. : lemwith infrared receivers is fal se

to anbi ent | ijght tai hing infrared rays. Such probl em can be
codi ng the cqntr i gn{ s Ear_exanple. _as.shown.in.the Eg—$
signal 18b i 4 EONTROLof [t hree pul ses spaced within an "on" peri
the transmttler 14 willjgenerate the bheam 18 as. three pul158es ofl i

r

| i ght and the cont¥Yol 11 nust recei VeSﬁURT RANGE
| TRANSMITTER#1 \
14
SHORT RANGE i 4 ™~
RECEIVER#1 17b
173
13~ 1
19
LONGE RANGE | /~ ——16
TRANSMITTER#1
11 :
LONG RANGE | o9
\ RECEIVER#1
CONTROL
27

4

SHORT RANGE
TRANSMITTER#2

12 N\ -

SHORT RANGE
RECEIVER#2 | 26

POWER 28
SUPPLY /-
LONG RANGE 30
TRANSMITTER#2
[
= LONG RANGE
RECEVER#2 [~ 27
!
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pul sed detection signal fromthe receiver 15 having the sarre frequency to

recogni ze a valid detection signal. Control signals ’71b ﬁg%EEI\[IL b ang
46b can be coded in a simlar manner. The control si g e any
known form of frequency or pulse width nodul ation a -s1~gna|
can be coded differently. Different coding could elimnate the cross talk
pr obl em Al so, the spaci ng between F etgetor pairs 50 and the
spaci ng between the detector pairs 53 can be hat it is not necessary

to turn on only one detector pair at a tine as shown with the control

signals 18a, 2la, 27a, SEQEE%‘E@% and 45a. For exanple, it may be possible to
turn on all of the shodl detectpr pairs 50 at one tinme as shown by

the control signaB8 18WPAIR7R and 42b and to turn on all of gfg range
det ect or pai rﬁg t anothey ti as shown by the co signals 21b, 30b
and 45b. O her onbi nat i are possi equi recBB
spaci ng bet weepfacti ve ansmtter The det

sequence fromfthe Nef4 (tt5tht9ri 20 QEfrZ(ﬁntII& r28h
upon the diregtfi on f\ ratk)n?( th y) 1/

1 I R ! Lan T
17b '
17? | — Y )

35'\)L— | 1y k — Q

34 18 L 97 42 WALL
33
e 33
32 2 & g0 45 34

18 = 3
/ ‘\46
“
21
35— ™~ 17
32
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9 el evator car doors and the hall doors are of the center opening type,
the detection assenbly 46 can be operated to sequepce.fromthe center z/4
toward both end caps 48. The nodul ar desi gn of the| dBIScSHENT RASSBERAN v 46
permts the housing 47 to be forned as an extrusi on_andREBEAGED | engih to
accomodate the width of the opening 38. The detector assentty 46 —can be
installed on existf{ el grator cars wherein the nechanical edge deteciors
can be retained foFD ¢kud pur poses. I n s%ﬁyary, t f?*fr“jfgu~§d
i nvention is an appardtus for detecting objects Igf- L

483
53 20

46 473

47

Fig. 6
/ 183 Ve 18b

19

1% ) “”I
X (——21a ) ~—21b

v 273 ) -~—27h

25 ”“I
—~303 ) -—30b
28 ””I
o (C

v — N\ 4723 » - &2b

40
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adj acent an el evator door conprising a first Iﬁg@kjﬁ%pdb the short range
detsector pairs 50 adapted to be nounted in spaced apart reljg e

the path of travel 16 of the elevator door 17 across the ddorie

a secdond plurality of the long range detector pairs 53 adapt ¢
nmount-ed "al ong the path of travel of the g|evator door, andijthe
means 11 connected to each of the short range detector pai
of the long range detector pairs 53. Each of the short range tdeteete
pairs 50 includes one of the short range beamtransmtters {4, 25 and 40
for generating the relatively short ranQEILEfrared beans 18, 27 ai0

toward the path of trave eesyers 15, 26
and 41 for detecting LI?.‘*E% Pé%lgg'?ﬁ %@ﬁﬁgﬁﬁﬁ}@&?ﬁ%ﬁﬁﬁgﬁgg beam from t he
facing surface 17b of the d@EKCKEROINNDIORETHE IINYENEHOMort range beam
detection signal. Each of the long range detector pairs_53 is,posi.tioned
adj acent an associ dtheressnt igrention relaigs BerarAlle (AR agHamus o5 deec %H‘Efs

i ncl udes one of, the | ong,.r beam t.r 4| L ; :
generating th@%@t"?ﬁ‘é?&f’“?‘gﬁg%‘gﬁ@ P%l@lﬁéi ,g@g#@h&%ﬁn%ﬂgéﬁm&%ﬂgé}y@s
the path of thmyslling Gleaidr eiteddts in@sponsg o dergeed ebjecwers 20, 29 and 44

for detecting the reflection 23 of the | ong. range beam fromithe object 22
near the doogrg openiThg Udted States PatentNo.4,452,089 (Eurgpean%atcm‘gpecxﬂtcanon&bsel

_110) shows a light barrier having light emitting transmiters slidably mounted in
grooves in the elevator car door sill and coupled to the elevator car doors for
movement adjacent the leading edges of the doors. Light receivers are mounted on
the upper edges of the car doors for ‘synchronous movement with the light
transmitters. The light transmitmers generate vertical light beams to the light

receivers for detecting objects near the door edge. The light receivers are connected
to the door control to control the automatic actuation of the car doors which reopen
upon detection of an object. An advantage of detection limited w0 the door edge is
that the door control is not unnecessarily interrupted by objects far away from the
door edge. However, a disadvantage is that such a light barrier will not detect
objects spaced from the edges of the doors such as a person in the hallway about to
enter the elevator car.
S AR ON
The present invention concerns an apparatus for detecting objects adjacent
‘an elevator doér including a first plurality of short range detector pairs mounted in
spaced apart relationship along a path of travel of an elevator door across 2 door
opening, a second plurality of long range detector pairs mounted along the path of
travel of the elevator door, and a control means connected to the short and long
‘. range detector pairs. Each of the short range detector pairs includes a short range
beam transmitter for generating a relatively short range infrared beam toward the
path of travel and generating a short range beam detection signal upon detection of
the reflection of the short range beam from the surface of the door. Each of the
long range detector pairs is positioned adjacent an associated one of the short range
detector pairs and includes a long range beam transmitter for generating a relat&ely

long range infrared beam across the path of travel and 2 long range receiver for
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on the associated one of the long range transmtters. The control
means 11 generates the plurality of control signals 18a, 2lat—2fa—38a—~42a
and 45a, each generatisg asogesnge beam defectioncsighabeponzdetestion of theaeflestion of the

long range beam from an object near the door opening. The control means turns
on the transmitters to generate the beams, responds to each long range detection
signal generated by the long range receivers during closing of the door by reopening
the door, responds to each short range detection signal generated by the short range
receivers during closing of the door by turning off the associated one of the long
range transmitters and responds to termination of each of the short range detection
signals generated by the short range receivers during opening of the door by turning
on the associated one of the long range transmitters.

The control means generates a plurality of control signals each turning on
and off an associated one of the transmirtters which control signals are cyclicly
generated in a predetermined sequence. Each of the detector pairs includes at least
one shield for shaping and directing the beams and/or at least one lens for shaping
and directing the beams. A housing is provided for mounting the detector pairs
adjacent an upper edge of the door opening. The housing includes an upper wall
attached to a rear wall, a pair of end caps attached to opposite ends ‘of the upper
wall and the rear-wall and a transparent cover releasably attached to the end caps,
the upper wall and the rear wall and enclosing the detector pairs in the housing.

It is an object of the present invention to decrease the time required for
loading an elevator car by preventing objec’ts away from the door edge from
interrupting the door travel.

It is another object of the present invention to provide an elevator light
barrier which is modular in design to reduce the cost and installation time.

BRIEF DESCRIPTION OF THE DRAWINGS

The above, as well as other advantages of the present invention, will become

readily apparent to those skilled in the art from the following detailed description -

of a preferred embodiment when considered in the light of the accompanying

‘drawings in which:

Fig. 1 is a schematic block diagram of an object detecting elevator light
barrier apparatus in accordance with the present invention;
Fig. 2 is a schematic block diagram of the light barrier apparatus shown in

the Fig. 1 upon detection of the moving elevator car door;



CREPEAGEMENT SHEET|

et eCTOT PAal T

the transmtters 14, 19, 25, 28, 40 and 43, which control

cyclicky generated in a predeterm ned sequence. Each of th
.50 and 53 includes at |east one shield 51 and 54 for shapi hg a%d%(rjrkj egég?ng
‘the beanms 18, 21, 27, 30, 42 and 45 and/or at |east one |ehsi5 l5 or
shaping and directing the beans. The housing 47 is provide Qr...oounti-ng-
the detector pairs 50 and 53 adj acent an~upper edge of thejdoor opening 38.

The housing 47 inc . the. e | .47 - ATy,
the pair of end cagiéq?glsé’thﬁﬁégﬁ%gq \éé@é)ﬂgésﬁ?‘g%tgxggﬁg?%?ﬁéﬁﬁﬁ 'hélzﬁa and
the rear wal | bairibr apphritis shiovaDd@e @ig. over 49 rel easably attached to the
end caps 48, the upper wall 47a and the rear wall 47b encl osing the
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Fig. 5 is an exploded perspective view of the light barrier apparatus shown
in the Fig. 4; and
Fig. 6 is a wave form diagram of signals generated in the light barrier

apparatus shown in the Fig. 1.

DESCRIPTION OF THE PREFERRED EMBODIMENT

There is shown in the Fig. 1, an elevator door control system including a
light barrier apparatus 10 for detecting objects in the doorway of an elevator car.
The system 10 includes a light barrier control means 11 having an input connected
to an output of a power supply 12. The control 11 also has an input/output
connected to a signal bus 13 for generating control signals to turn on and off a
plurality of infrared transmitters and for receiving detection signals from a plurality
infrared receivers. For example, a first short range transmitter 14 has an input
connected to the bus 13 and an associated first short range receiver 135 has an output
connected to the bus 13. The transmitter 14 and the receiver 15 form a short range
infrared detector pair which is positioned adjacent a path of travel 16 of an elevator
car door 17 having a leading edge 17a. The &etector pair 14 and 15 is positioned
facing an inside surface 17b of the door 17. In response to a control signal
generated on the bus 13 by the control means 11, the short range transmitter 14

' generates an infrared beam 18 which has a relatively short beam range which
extends at least to the inside surface 17b of the door 17.

Adjacent the short range detector pair 14 and 15 and spaced along the path
of travel 16 is a first long range transmitter 19 having an input connected to the bus
13 and a first long range receiver 20 having an output connected to the bus 13. In B
response to a control signal generated on the bus 13 by the control means 11, the
first long range transmitter 19 generates an infrared beam 21 bhaving a relatively
long beam range which extends beyond the path of travel 16. When the beam 21
strikes an object 22 near the path of travel 16, a reflected beam 23 is generated to

the long range receiver 20." The long range receiver 20 responds to the reflected
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beam 23 by generating a long range beam detection signal on the bus 13 to the
control 11. The control 11 has an output connected to an input of a door operator
24 which is mechanically coupled to the door 17 to move the door back and forth
along the path of travel 16. The control 11 responds to the detection signal
generated by the receiver 20 by generating a reopen signal to the door operator 24
to stop and, if mecessary, reverse the travel of the door 17 to prevent the door
leading edge 17a from striking the object 22 should the object mo"}e into the path
of travel 16.

A second short range transmitter 25 has an input connected to the bus 13 and

an associated second short range receiver 26 has an output connected to the bus 13.

The second short range transmitter 25 generates a short range infrared beam 27

which is similar to the infrared beam 18. The trapsmitter 25 and the receiver 26
are a second short range detector pair positioned along the path of travel 16 on the
opposite side of the first long range detector pair 19 and 20 from the first short

range detector pair 14 and 15. A second long range transmitter 28 has an input

connected to the bus 13 and an associated long range receiver 29 has an output
connected to the bus 13. The second long range transmitter 28 generates a long
range infrared beam 30 which is similar to the beam 21. The transmitter 28 and the
receiver 29 are a second long range detector pair positioned along the path of travel
16 on the opposite side of the second short range detector pafr 25 and 26 from the
first long range detector pair 19 and 20.

As shown, the short range transmitter/receiver detector pairs alterpate with
‘the long range transmitter/receiver detector pairs along the path of travel 16.
Although only two short range detectdr pairs and two long range detector pairs are
shown, additional detector pairs can be provided and the total number of detector
pairs will depend on the desired spacing and the length of the path of travel 16.

The light barrier apparatus 10 is shown in the Fig. 2 wherein the door 17 has
moved along the path of travel 16 such that the short range infrared beam 18 strikes
the facing surface 17b and generates a second reflected beam 31. The first short
range receiver 15 detects the reflected beam 31 and generates a short range beam
detection signal on the bus 13 to the control means 11, The control 11 responds to

the detection signal from the receiver 15 by terminating the control signal to turn
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26 will detect a reflected beam (not shown, but similar to the beam 31) generated
by the short range infrared beam 27 being reflected from the facing surface 17b of
the door 17 to cause the control 11 to terminate the control signal to turn off the
second long range transmitter 28 before the door arrives in a position adjacent to
that tramsmitter.  Accordingly, the light barrier apparatus 10 functions to '
sequentially shut off the long range transmitter/receiver detector pairs as the door
17 closes to permit the detection of objects in the portion of the door opening not
yet covered by the closing door 17. In a similar manner, as the door is opening,
each short range transmitter/receiver detector pair will turn on the adjacent just
uncovered long range transmitter/receiver pair. As an alternative, the control means
11 can respond to the short range beam detection signals by ignoring any associated
long range beam detection signals rather than turn off the long range beam
transmitters. Thus, in response to 2 short range beam detection signal, the control
means 11 disables the associated long range detector pair by either turning off the

control signal or ignoring the associated long range beam detection signal. In

_response to a termination of the short range beam detection signal, the control

means 11 enables the associated long range detector pair by either tumning on the
control signal or responding to the associated long range beam detection signal.
If the path of travel 16 of the door 17 is in a substantially horizontal

direction, the short and long range infrared transmitters each generate their beams .

in a generally vertically extending plane perpendicular to the plane of the door. If
the path of travel 16 is in a generally vertical direction, then the short and long
range transmitters each generate their infrared beams in a generally horizontally
extending plane perpendicular to the plane of the door 17.

There is shown in the Fig. 3, a fragmentary top plan view of an elevator car

having a light barrier apparatus 10 in accordance with the present invention wherein
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travel 36. An elevator car 37 has a car door opening 38 formed in a front wa
of the car for the associated car door 17. The car door 17 is shown in the open
position and can be moved along the path 16 to close the opening 38.

The first short range detector pair includes the transmitter 14 and the
receiver 15, the first long range detector pair includes the transmitter 19 and the
receiver 21, fhe second short range detector pair includes the transmitter 25 and the
receiver 26, the second long range detector pair includes the transmitter 28 and the
receiver 29, a third short range detector pair includes a third short range transmitter
40 and a third short range receiver 41, and a third long range detectc;r pair includes
a third long range transmitter 43 and a third long range receiver 44. The detector
pairs are mounted in the opening 38 adjacent to the path of travel 16 and facing the
inside surface 17b of the car door 17.

The transmitter 14 generates the infrared beam 18 which extends across the
path of travel 16 and also across the path of travel 36 to detect both the car door 17
and the hall door 35. The first long range transmitter 19 generates the infrareﬁ
beam 21 across the paths of travel 16 and 36 and through the opening 33 to detect
objects and persons approaching the doors 17 and 35 from the building hallway.
In a similar manner, the second short range transmitter 25 generates the beam 27
and the second long range transmitter 28 generates the beam 30. The third short
range transmitter 40 is associated with the third short range receiver 41 and
generates a short range infrared beam 42. The third long range transmitter 43 is
associated with the third long range receiver 44 and generates 2 lohg range infrared
beam 45. The three short range detector pairs and the three long range detector
pairs are for illustration purposes only and additional detector pairs can be provided
dependent upon the desired spacing between adjacent and the length of the paths of
travel 16 and 36 to assure that objects of at least 2 minimum size can be detected

across the widths of the openings 33 and 38.

As shown in the Fig. 4, a detection assembly 46 is mounted on a downwardly

facing surface of the clevator car front wall 39 in the opening 38. The short
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range infrared beam 18 extends from the assembly 46 across an upper portion of the

car door 17 and the hall door 35. Thus, the beam 18 is relatively small in area and
will not be reflected by persons and objects entering the car 37 from the hall 32 as
they generally will pass under the short range beam. On the other hand, the long
range beam 21 is extensive in area and extends into the hall beyond the wall 34 and
extends 'adjacent to the bottom edges of the doors 17 and 35. Thus, the beam 21
will be reflected by any person or object entering the car 37 from the hall.

The detection assembly 46 is shown in more detail in the Fig. 5. The
detection assembly 46 includes a housing 47 which is generally L-shaped in cross
section having a generally horizontally extending upper wall 47a and a generally
vertically extending back wall 47b joined together at a longitudinal edge of each.
Attached at opposite ends of the housing 47 are a pair of end caps 48 each having
a curved edge 48a. The housing 47 is closed by a transparent front cover 49 which
is curved to correspond to the curved edges 48a of the end caps 48 and is attached
thereto. A short range detector pair transmitter/receiver module 50 includes the first
short range transmitter 14 and the first short range receiver 15. The module 50 is
constructed so that side wall shields 51 and/or a curved lens 52 shape the infrared
beam 18 in the manner desired which beam is transmitted through the transparent
cover 49. A long range detector pair transmitter/receiver module S3 includes the
first long range transmitter 19 and the first long range receiver 20. The module 53
is constructed so that side wall shields 54 and/or a curved lens 55 shape the infrared

_beam 21 in the manner desired which beam is transmitted through the transparent
cover 49. Similar modules (not shown) are provided for each of the detector pairs
utilized.

~ The proximity of the infrared transmitters and receivers to one another could
cause "cross talk” wherein the beam generated by one transmitter is received not .
only by its associated receiver but also by a receiver of an adjacent one of the
detector pairs. In order to prevent "cross talk”, the beams can be pulsed on and off
in a time sequenced manner. For example, there is shown in the Fig. 6 a waveform
diagram of the control signals generated by the control means 11 for the transmitters
and beams shown in the Fig. 3. The short range transmitter 14 is turned on by a

control signal 18a from the control 11 to generate the beam 18 for a first period of
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time and then is turtied off. Next, the long range transmitter 19 is turmed of 5y 4

control signal 21a to generate the beam 21 which is then turmed off. In sequence,

the short range transmitter 25 is turped on and off by a control signal 27a to

generate the beam 27. Subsequently, the long range transmitter 28 is turned on and

off by a control signal 30a to generate the beam 30, the short range transmitter 14

is turned on and off by a control signal 42a to generate the beam 42 and the long

range transmitter 43 is turned on and off by a control signal 45a to generate the

beam 45 in sequence. After the beam 45 is terminared, the control means 11

repeats the cycle of control signals. Thus, the control signals are generated in
sequence in cycles whereby only one transmitter is on at any one time and the
control means 11 can ignore any detection signals from any receivers other than the '
receiver associated with the transmitter which is turned on.

Another problem with infrared receivers is false detections due to ambient
light containing infrared rays. Such problem can be avoided by coding the control
signals. For example, as shown in the Fig. 6, a control signal 18b is formed of
three pulses spaced ‘within an "on" period. Thus, the transmitter 14 will generate
the beam 18 as three pulses of infrared light and the control 11 must receive a
pulsed detection signal from the receiver 15 having the same frequency to recognize
a valid detection signal. Control signals 21b, g‘Tb, 30b, 42b and 45b can be coded
in a similar manner. The control signal coding can be any known form of
frequency or pulse width modulation and each control signal can be coded
differently. Different coding could eliminate the cross talk problem.

Also, the spacing between the detector pairs 50 and the spacing between the
detector pairs 53 can be such that it is not necessary to turn on only one detector
pair at a time as shown with the control signals 18a, 21a, 27a, 30a, 422 and 45a.

For example, it may be possible to turn on all of the short range detector pairs 50 |

at one time as shown by the control signals 18b, 27b and 42b and to turn on all of
the long range detector pairs 53 at another time as shown by the control signals 21b,
30b and 45b. Other combinations are possible depending upon the required spacing
between active transmitters.

The detector assembly 46 can sequence from the left to the right or from the

right to the left depending upon the direction of operation of the door 17. If the
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In summary, the present invention is an apparamus for detecting objects
adjacent an elevator door comprising a first plurality of the short range detector
pairs 30 adapeed to be mouated in spaced apart relationship along the path of travel
16 of the elevator door 17 across the door opening 38, a second plurality of the long
range detector pairs 53 adapted to be mounted along the path of travel of the
elevator door, and the conwol means 11 connected to each of the short range
detector pairs 50 and each of the lodg range detector pairs 33. Each of the short
r#nge detector pairs 50 includes one of the short range beam transmiters 14, 25 and
40 for generating the relatively short range infrared beams 18, 27 and 42 toward the
path of travel 16 and one of the short range receivers 135, 26 and 41 for detecting
the reflection 31 of the short range beam from the facing surface 17b of the door
17 and genemdng the short range beam detection signal. Each of the long range
detector pairs 53 is positioned adjacent an assogiatcd one of the short range detector
pairs 50 and includes one of the long range beam transmicers 19, 28 and 43 for
generating the relatively long range infrared beams 21, 30 and 45 across the path
of travel 16 and one of the long range receivers 20, 29 and 44 for detecting the
reflection 23 of the long range beam from the object 22 near the door opening 38.
The control means 11 turns on the transmitters 14, 19, 25, 28, 40 and 43 (o
geoerate the beams 18, 21, 27, 30, 42 and 45 and responds to each short range
detection signal generated by the short range receivers 15, 26 and 41 during closing .
of the door 17 by turning off the associated one of the long range transmitters 19, |
25 and 40 and responds to termination of each of the short range detection signals
during opening of the door by tumning on the associated one of the long range
transmitters.
The control means 11 generates the plucality of control signals 18a, 21a,

. '273'3'303,'423 and 45a, each control signal turning on and off an associated one of
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beams. The housing 47 is provided for mounting the detector pairs 50 and 53

adjacent an upper edge of the door opening 38. The housing 47 includes the upper

wall 472 attached to the rear wall 47b, the pair of end caps 48 attached to opposite

ends of the upper wall 47a and the rear wall 47b and the transparent cover 49

releasably attached to the end caps 48, the upper wall 47a and the rear wall 47b

enclosing the detector pairs 50 and 53 in the housing 47.

In accordance with the provisions of the patent statutes, the present invention

has been described in what is considered to represent its preferred embodiment.

- However, it should be noted that the invention can be practiced otherwise than as

specifically illustrated and described without departing from its spirit or scope.
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WHAT IS CLAIMED IS:

1. An apparatus for reopening a closing door upon detecting an object

adjacent a door opening comprising:

a short range detector pair (50) adapted to be mounted along a path of travel
(16) of a door (17) across a door opening (38), said short range
detector pair (50) including a short range beam transmitter (14) for
generating a relatively short range infrared beam (18) toward the path
of travel (16) and a short range receiver (15) for detecting a

. reflection (31) of said short range beam (18) from a facing surface
(17b) of the door (17) and generating a short range beam detection
signal;

a‘'long range detector pair (33) adapted to be mounted adjacent said short

| range detector pair (50) along the path of travel (16) of the door (17)

' whereby the door (17) passes said short range detector pair (50) _
before passing said long range detector pair (53) as the door (17)
closes: the door opening (38), said long range detector pair (53)
including a long range beam transmitter (19) for gemerating a
relatively long range infrared beam (21) across the path of travel (16)
and a long range receiver (20) for detecting a reflection (23) of said
long range beam (21) from an otlaject (22) near the door opening (38)
and generating a long range beam detection signal; and

a control (11) connected to said short range detector pair (50) and said long
range detector pair (53) for turning on said transmitters (14,19} to
generate said beams (18,21), said control means (11) responding to
said long range beam detection signal generated bj' said long range

receiver (20) during closing of the door (17) by generating a reopen .-

signal to a door control (24) controlling movement of the door (17),
said control (11) responding to said short range beam detection signal
generated by said short range receiver (135) during closing of the door
(17) by disabling said long range detector pair (53) and responding

to termination of said short range beam detection signal generated by
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wherein said control neans (11) generates a plurality of coded cpftnol 1997
signals (18b, 21b, 27b, 30b, 42b, 45b) each tuiging on and of f an 4gssoci at éd 0ne
of said transmtters (14, 19, 25, 28, 40, 43) == 8. The apparatts————
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sai d coded control sign&tid sheBtrangebre2@ive O15) Afibing Sdpkning of B¢ Q&L Tl —
sequence. ‘

enabling said long range detector pair (53).

2. The apparams according to claim 1 wherein said control means (11)

disables said long range detector pair (53) by turning off a control signal (21a) and

enables said long range detector pair (53) by turning on said control signal (21a).
3. The apparatus according to claim 1 wherein said control means (11)

disables said long range detector pair (53) by ignoring said long range beam

detection signal and enables said long range detector pair (53) by responding to said
long range beam detector signal. '



9. The apparat us accordi ng
(50,53) includes at
beanms (18, 21, 27, 30, 42, 45).
- 4 wherein each said detector pair (50,53) includes at |ehst ?2§~ﬁﬁpﬁﬁﬂ
(52,55) for shaping and directing said gans (18, 21, 27, 30, 42745)".
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11. The apparatus according to clai m“4=tncl udi ng a housi hg—4F—Fof

nounting said detector pairs (50,53) adjacent an upper e

openi ng (38).

Hge of the door

An apparatus for detecting objects adjacent an elevator door to control

movement of the elevator door comprising:

a plurality of short rangé detector pairs (50) adapted to be mounted in

spaced apart relationship along a path of travel (16) of an elevator
doar (17) across a door opening (38), each said short range detector
pair (50) including a short range beam transmitter (14,25,40) for
generating a relatively short range infrared beam (18,27,42) toward
the path of travel (16) and a short range receiver (15,26,41) for

. detecting a reflection (31) of said short range beam (18,27,42) from
a facing surface (17b) of the door (17) and generating a short range

beam detection signal;

a plurality of long range detector pairs (53) adapted to be mounted along the

path of travel (16) of the elevator door (17), each said long range
detector pair (53) being positioned adjacent an associated one of said
short range detector pairs (50), each said long range detector pair
(53) including a long range beam transmitter (19,28,43) for
generating a relatively long range infrared beam (21,30,45) across
the path of travel (16) and a long range receiver (20,29,44) for
detecting a reflection (23) of sa§d long range beam (21,30,45) from
an object (22) near the door opening (38) and generating a long range
beam detection signal; and

a control means (11) connected to each of said short range detector pairs

(50) and each of said long range detector pairs (53) for turning on
said transmitters (14,19,25,28,40,43) to generate said beams
(18,21,27,30,42,45), said control means (11) responding to each said
long range beam detection signal generated by said long range
receivers (20,29,44) during closing of the door (17) for generating a
reopen signal to a door control (24) controlling movement of the door
(17), said control means (11) responding to each said short range
beam detection signal generated by said short range receivers
(15,26,41) during closing of the door (17) for disabling said

associated long range detector pair (53) and responding to termination



attached to said end caps (48), :
(47b) enclosing said detector pairs (50 in said housing (a7~~~

a pair of end caps (48} attaché&d fo opposite en

of each said short range beam detection signal generated by said short

range receivers (15,26,41) during opening of the door (17) for

enabling said associated long range detector pair (53).

5. The apparatus according to claim 4 wherein said control means (11)
generates a plurality of control signals (18a,21a,27a,30a,42a,452) each tumning on
and off an associatgd one of said transmitters (14,19,25,28,40,43).

6. _ The apparatus according to claim 5 wherein said control means (11)
cyclically generates said control signals (18a,212,27a,30a,42a,453) in a

predetermined sequence.

7. The apparatus according to claim 4 wherein said control means (11)

generates a plurality of coded control signals (18b,21b,27b,30b,42b,45b) each

turning on and off an associated one of said transmitters (14,19,25,28,40,43).

8. The apparatus according to claim 7 wherein said control means (11)
cyclically generaﬁes said coded control signals (18b,21b,27b,30b,42b,45b) in a
predetermined sequence,

#

9. The apparatus according to claim 4 wherein each said detector pair
(50,53) includes at least one shield (51,54) for shaping and directing said beams
(18,21,27,30,42 45).

10.  The apparatus according to claim 4 wherein each said detector pair
(50,53) includes at least one lens (52,55) for shaping and directing said beams
(18,21,27,30,42,45).

11.  The apparatus according to claim 4 including a housing (47) for
mounting said detector pairs (50,53) adjacent an upper edge of the door opening
(38).

. REPLACEMENT SHEET s accor o e o Gl e d 7] .
wherei n said housing (47) incl udég!m“ma“mmmmkﬂa) attHgg‘é&i:‘t‘:ﬁ_'_‘aa_ﬁr.ea‘r":.':'_—.

s of said upper

bfy

‘wal | (47a) and said rear wall (47b) and a transparent covef i(4®f r&letiSa
said upper wall (47a) and jsaid rear wall
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13. The apparatus according ta claim4 wherein said contl T
' o pair (53) by @EL%EE%% éQEFT

di sabl es said, associated Iono.ran,e det ect or
control signal (21a,30a e ﬂﬁm and enabl es sai d jagsoci ated | ong
range detector pair (53 i) il aid control signal ch JUL 1997
(21a, 30a, 45a, 21b, 30b, 45b). The apparatus agcdgrding to claimn
4 wherein said control neans (11) dlsabl i sai d associ at eq |'ong-ranye
detector -pair (53) by ignoring said | ong ge beam det ectji on si gnal and
enhabl es sai d associated | ong range detector pair (53) by responding to said

l'ong range beam detgct OrTid @pifratus according to claim 11 wherein said housing (47)
includes an upper wall (47a) attached to a rear wall (47b), a pair of end caps (48)
artached to opposite ends of said upper wall (472) and said rear wall (47b) and a

transparent cover (49) releasably atached to s2id end caps (48), said upper wall
(472} and said rear wall (47b) enclosing said detector pairs (50,53) in said housing
47).

13.  The apparatus according to claim 4 wherein said control means (11)
disables said associated long range detector pair (53) by turning off a contro! signal
(21a,30a,45a,21b,30b,45b) and enables said associated long range detector pair (53)
by turning on said control signal (212,30a,452,21b,30b,45b).

14.  The apparatus according to claim 4 wherein said control means (11)
disables said associated long range detector pair (53) by ignoring said long range
beam detection signal and enables said associated long range detector pair (53) by
responding to said Ic;ng range beam detector signal.




16 15.

An appar g an obj ect adj|REEhALAREN eS/at.or
dpor conpri sing: alma m“ﬁm“ m | udi ng an upper T’r (47a)
attached to a rear wa sa*pair of end caps 2 g rﬁgﬁl?tp

» opposite ends of sai d upper wal | (47a) and |s i Fear ‘wa i
(47b); a transparent cover (49) reé easably attached i-d—end—ehpp
(48), said upper wal | (47 and said rear Il (47b) closing

sai d housing (47);

a plurality of short range det or—parrs(50)

mounted in said haysi nGAd 4 adigdeenh Gt eleidh ect or
pai r (50) includi nhg a shor bzrtgﬁéefoﬁ detectmg ane%ﬁcrs ! ransmette%e(d%gi 25, 40)

for generati #gUPLISEEati vel y short range I nfrared beam

(18,27,42) toward
across a door ope
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a pair of end caps (48) artached to opposite ends of said upper wall (47a)
and said rear wall (47b);

a transparent cover (49) releasably attached to said end caps (48), said upper
wall (47a) and said rear wall (47b) closing said housing (47);

a plurality of short range detector pairs (50) mounted in said housing (47),

. each said short range detector pair (50) including a short range beam
transmitter (14,25,40) for generating a relatively short range infrared
beam (18,27,42) toward a path of travel (16) of an elevator door (17)
across a door opening (38) and a short range receiver (15,26,41) for
detecting a reflection (31) of said short range beam (I8,27,40) from
a facing surface (17b) of the door (17) and generating a short range
beam detection signal;

a plurality of long range detector pairs (53) mounted in said housing (47),
each said long range detector pair (53) being positioned between an
adjacent pair of said short range detector pairs (50) and including a
long range beam transmitter (19,28,43) for generating a relatively
long range infrared beam (21,3b,45) across the path of travel (16)
and a long range receiver (20,29,44) for detecting a reflection (23)
of said long range beam (21,30,45) from an object (22) near the door
opening (38); and

a control means (11) connected to each of said short range detector pairs
(50) and each of said long range detector pairs (53) for turning on
said transmitters (14,19,25,28,40,43) to generate said beams
(18,21,27,30,42,45), said control means (11) responding to each said
long range beam detection signal generated by said long range
receivers (20,29,44) during closing of the door (17) for generating a
reopen signal to a door control (24) controlling movement of the door
(17), said control means (11) responding to each said short range

beam detection signal generated by said short range receivers



detecting a reflection (31) of said short range beam (18, |ZEPALERENT SHEET

JT U o ulluc

" a facjng surface (17b) of the deor and generating a {she+t—ranrge
beam det ecti on signal; “ é “Mmt“““(ﬁ of | ong range dqt dct og 3@“@@%53)
- mounted in said housi ngt /fRsR)IRN EXRR IR R R each said | ong r_ang e r

pair (53) being positioned between an adj aceintj pair_of said
short range detector pairs (50) and includ’ng a | ong range
I L)

beamtransmtter (19, 28,43) for generating a relatively }-eRrg
range i nfrared beam (21, 3@, fd Vi cahls .
and a | ong range recei ve@g(é%}%?&gﬁéf%lp 8%%1’2%1{3@5%@?(&)' (g%{idcl)sﬁbl("%)smd

of said | ong range beam §2dcided fmg rhngerdecentovipaie (33) @8R Jespemiing foaemsitination
opening (38); and a_control_ neans i}ll) conpected to each of said

short range detector paiPkeach said short range beasy defection signalgensrated hyosai sharge
detector pairs (53) for | s Sal 1 L

(14, 19, 25, 28, 40, 43) to g{aa# ¢ Wecllrs (15,26,41) during Yyialdlg B8 e 'B6° (17) for
(18, 21, 27, 30, 42, 45), sai ¢habling s4itl assaiated(lddg rangs deteckongair ¢5¥Bach sai d

| ong range beam detection signal generated by said | ong range

16.  The apparatus according to claim 15 wherein each said short range
detector pair (50) has shields (51) positioned on opposite sides of said transmitter
(14,25,40) for shaping and directing said beam (18,27,42).

17.  The apparatus according to claim 15 wherein each said short range
detector pair (50) has a lens (52) positioned in front of said transmitter (14,25,40)
for shaping and directing said-beam (18,27,42).

18.  The apparatus accofding to claim 15 wherein each said long range
detector pair (53) has shields (54) positioned on opposite sides of said transmitter
(19,28,43) for shaping and directing said beam (21,30,45).

19.  The apparatus according to claim 15 wherein each said long range
detector pair (53) has a lens (55) positioned in front of said transmirter (19,28,43)
for shaping and directing said beam (21,30,45).

20.  The apparatus according to claim 15 wherein said control means (11)
generates a plurality of control signals (182,21a,272,30a,42a,452) each turning on
and off an associated one of said transmitters (14,19,25,28,40,43), said control
means (11) generating said control-signals (18a,21a,27a,30a,42a,453a) cyclically in
a predétermincd sequence.



.receivers (20,29,44) during closing of the door (17) for gen T o ——
reopen,signal to a door control (24) controlling novenent of @df@éﬁéf SH—tC

(17), said control neans (11) responding to each said short yahnge T
‘beam det ection signal generated by said short range receiverfs | 25 111 4097 |
17 (15, 26, 41) during cIoEi ng of the door (1f7)! for = =~ ™7 J
di sabling said associ at ed> ng range detector plai-f——653~)-~aﬂd~

responding to term N4k Ap ARRIER FOR REOPENING ELEVATOR DOORE—— . cecocoe

ABSTRACT OF THE DISCLOSURE

An apparatus for detecting an object adjacent an elevator door includes a

housing (47) mounted at an upper edge of a ¢car door opening (38) and in which are
mounted a plurality of short range detector pairs (50) and a plurality of long range
detector pairs (53). Each short range detector pair includes a transmitter (14,25,40)
for generating a relatively short rznge infrared beam (18,27,42) toward a path of
trave! (16) of an elevator door (17) across the door opening and a short range
receiver (15,26,41) for detecting a reflection (31) of the beam from a facing surface
(17%) of the door and generating 2 short range beam detection signal. Each long
range detector pair is positioned adjacent an associated one of the short range
detector pairs and includes a transmitter (19,28,43) for generzting a relatively long
range infrgred beam (21,30,45) across the path of travel and a receiver (20,29,44)
for detecting a reflection (23) of the beam from an object (22) near the door opening
and generating 2 long range beam detection signal. A control (11) is connected to
each detector pair for wming on the wansminers and for reopening the closing door
in response to the long range beam detection signal. The control responds to each
short range detection signal during closing of the door 10 giisable the associjated long
range transmitter and responds to termination of the short range detection signal
during opening of the door 1o enable the associated long range wransmitter to prevent

detection of the moving door by the long range receivers from reopening the door.

Fig. 1



~of each said short range beam detection signal generated by said sh
range receivers (15,26,41) during opening of the door (17)RéwﬁcE?J§;E§T SHEE”{
enabl ing said associ ated | ong range detector pair (53). plvadibsbeidghle & =% h
-appar atus according to claim15 wherein each said short rhanpe det egtgg pai
(50) has shields (51) positioned on opposite sides of said r Arfks itk 7
(14, 25,40) for shaping and directing said beam (18, 27, 42) 1Z
The apparatus according to claim15 whereif each said shoft range detector
pair (50) has a lens (52) positioned in front of said tradspitter

(14, 25,40) for shaping and directing said beam (18, 27, 42). 18.
The apparatus according to claim 15 V\herffl_'_rigachv]sai d Il ong range
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gdetector pair (53) has shields (54) positioned on opposite, SLdes_oLMsaLd~-~
transmi tter (19, 28,43) for shaping and directing said beam
The apparatus according to claim 15 wherein each said
detector pair (53) has a lens (55) positioned in front of da
(19, 28,43) for shaping and directing said beam (21, 30, 45) .

The apparatus according to claim15 wherein said control nga
generates a plurality of control signals %
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