WD 97/ 17520

PCT/ 1 L96/ 00142

DOOR CONTROL APPARATUS The present invention relates to safety
appara- tus which finds application, for exanple, in automatic door

apparatus and nachi ne tools.
I ous applications, such as el evators, buses and trains.

use in var-

Automati c doors are in w despr

Consi der at i orw0oofn17520 sonal safety require that doors not b&®CITEISO4AN
tthere is a danger that a person mi ght be inpacted thereby. Wil e not
conprom sing safety consider- ations, considerations of efficiency di

t hat doors

be cl osed as pronptly and qui ckly as possi bl e.

exi st various techniques and apparatus for sensing the absence of a
person and his accouter- nents within a predefined zone and consequen

operating

DOOR CONTROL APPARATUS

The present invention relates to safety appara-
tus which finds application, for example, in automatic
door apparatus and machine tools.

Automatic doors are in widespread use in var-
ious applications, such as elevators, buses and trains.
Considerations of personal safety require that doors not
be closed when there is a danger that a person might be
impacted thereby. While not compromising safety consider-
ations, Considerations of efficiency dictate that doors
be closed as promptly and quickly as possible.

There exist various techniques and apparatus
for sensing the absence of a person and his accouter-
ments within a predefined zone and consequently operating
an automatic door. U.S. Patents 4,029,176; 4,590,410;
4,779,240; 4,976,337; 5,001,557; 5.149,921; 5,276,391;
5,412,297; 5,420,430; RE 33,668 and RE 30,719 exenplify
the state of the art. U.S. Patent 5,412,297 employs a
tactile obstruction detector, while U.S. Patents
4,590,310 and 5,276,391 employ optical detectors. U.S.
Patent 2,826,753. which relates to object detection in a
confined environment and not to door opening or closing,
and U.S. Patents RE 30,719; 4,029,176 and 5,147,410
employ acoustic energy and are believed by applicant’ to
be the closest prior ert to the present invention. Other
distance and direction measuring apparatus is described
in U.S. Patents 5,467,072; 5,450,057 5,373.482;
5,341,344; 5,339,075; 5,337,289 and 5,319,.611.

The present invention seeks to provide a secure
and efficient door operating system which maximizes door
cloSing efficiency while minimizing the risk of injury to
users.

There 1is thus provided in accordance with =a
preferred embodiment of the present invention a door
control apparatus for vehicles including at least one
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an automatic door. U S. Patents 4,029,176; 4,590, 410; 4,779, 240;

4,976, 337, 5,001, 557; 5,149,921, 5,276,391;"
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tactile obstruction detector, while U. S. Pat ent s
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door opening or closing. and US. Patents RE 30,719; 4,029,176
enpl oy acoustic energy and are believed by applicant to
cl osest prior art to the present invention. O her distance and direction
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responsive at least to the absence of a region clear
output signal to cause opening of the door and responsive
at least to the presence of a region clear output signal
to cause closing of the door.

Furthermore in accordance with a preferred
embodiment of the present invention wherein the automatic
door opening and door closing apparatus is responsive at
least to the absence of a region clear output signal to
cause opening of the door and responsive at least to the
presence of the same region clear output signal to cause
closing of the door.

Additionally in accordance with a preferred
embodiment of the present invention wherein the automatic
door opening and door closing apparatus is responsive at
least to the absence of a first region clear output
signal in respect of a first region to cause opening of
the door and responsive at least to the presence of =a
second region clear output signal, different from the
first region clear output signal, in respect of a second
region different from the first region, to cause closing
of the door.

Furthermore in accordance with a preferred
enmbodiment of the present invention, the first and second
regions are mutually overlapping, mutually exclusive and
partially mutually overlapping.

There is also provided in accordance with a
preferred embodiment of the present invention @ safety
apparatus for preventing injurious engagement of machin-
ery with a user and clothing and accouterments thereof
within a predetermined volume including a sensor having
two modes of operation, a reference sensing mode of
operation for sensing the boundaries of the predetermined
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2 sensor viewing at |east one region in the vicinity of a door, |ogic
circuitry responsive to the at | east one sensor for providing at |east one
region clear output signal, automatic door opening and door closing
apparatus responsive at |least to the absence of a region clear output

signal to cauweovpeswong of the door and responsive at |east PE/ALReOMHILsence
of a region clear output signal to cause closing of the door.

Furthernore in accordance with a preferred enbodi nent of the present

I nventi on wherein the automati c door openi ng and door closing apparatus is
responsive at |east to the absence of a r8gion clear output signal to cause
openi ng of the door and responsive at |east to the presence of the sane
region clear ogdniie,Si @nal ahOefgagemed W Prageatibhensd®r .of operation

Addi tional | v ip,acoordange whih Gorsferedcobodi nent ohdhayegent

i nvention wherel’n the automatic door openi ng and door cl osin ébparatus i's
responsi ve at seepitermgntshshapeeh el tdfing ther predetgymined mep gndut
signal in respasitr@d1 aabbbShti€OFé¥pdnBiGRUEO ORCHUEY Dfod NhedO@enzoe

responsi ve at ineabsottht%ft Qgepregg

tion of the machinery when the presence of a user and

é§*é¥ J%eration for preventing opera-

clothing and accouterments thereof within the predeter-
mined volume could cause injurious engagement.

Additionally in accordance with a preferred
embodiment of the present invention, the sensor comprises
at least one ultrasonic transducer.

Furthermore in accordance with a preferred
enmbodiment of the present invention, the sensor is opera-
tive in the reference sensing mode of operation in the
absence of a user or operator within the predetermined
volume.

Additionally in accordance with a preferred
embodiment of the present invention wherein the sensor is
operative in the reference sensing mode of operation with
generally the same frequency as it is operative in said
engagenent prevention mode of operation.

Moreover in accordance with a preferred embodi-
ment of the present invention, the senscr is operative in
the reference sensing mode of operation with a fregquency
much less than it is operative in the engagement preven-
tion mode of operation.

Additionally in accordance with a preferred
embodiment of the present invention, the sensor comprises
at least two sensors viewing the predetermined volume and
together providing an output indication of the 1location
of objects within the predetermined volume in at 1least
two dimensions and wherein the control apparatus is
responsive to the output indication for preventing opera-
tion of said machinery when the presence of a user and
clothing and accouterments thereof at predetermined
locations within the predetermined volume could cause



second region clear output signal, different fromthe first region clear
out put signal, in respect of a second region different fromthe first
region, to cause closing of the door. Furthernore in accordance
with a preferred enbodi nrent of the present invention, the first and second
regions are nmutually overl apping, nutually exclusive and partially nutually
over | appi ng. There is also provided in accordance referred
enbodiﬁgntgo?"¥ﬂgﬂgpesent i nvention a safety apparatus for %?%95%?@%5

i nj urious engagenent of machin- ery with a user and cl othing and
accouternents thereof wthin a predeterm ned vol une including a sensor
having two nodes of operation, a referenge sensing node of operation for
sensing the boundaries of the predeterm ned WO 97/ 17520

PCT/1L96/ 00142 -
injurious engagement.

Still further in accordance with a preferred
embodiment of the present invention wherein the control
apparatus is operative to be non-responsive to predeter-
mined regions within an outer boundary of the predeter-
mined volume, corresponding to predetermined time do-
mains.

There is &also provided in accordance with a
preferred embodiment of the present invention a safety
apparatus for preventing injurious engagement of machin- '
ery with a user and clothing and accouterments thereof
within &8 predetermined volume including at least two
sensors viewing the predetermined volume and together
providing an output indication of the location of objects
within the predetermined voiume in at least two dimen-
sions, control apparatus responsive to the output indica-
tion for preventing operation of the machinery when the
presence of a user and clothing and accouterments thereof
at predetermined locations within the predetermined
volume could cause injurious engagement.

Additionally in accordance with a preferred
embodiment of the present invention, the at 1least two
sensors comprise at least two ultrasonic transducers.

Furthermore in accordance with a preferred
embodiment of the present invention, the control sappara-
tus excludes predetermined three-dimensional regions from
the predetermined volume corresponding to predetermined
combinations of different time domains of the at least
two sensors.

There 1is also provided in accordance with a
preferred embodiment of the present invention a door
operating system coumprising an automatically operable
door, a sensor for sensing the presence of an object
within a predetermined volume located at the door of the
vehicle and above steps leading to the door of the vehi-
cle from the outside thereof, and a - door controller



3 volume, and an engagenent prevention node of operation for sensing the
presence of a user and clothing and accouternents thereof within the

predet ermi ned vol une and control apparatus responsive to outputs fromthe
sensor in both of the nodes of operation for preventing opera- tion of

t he machi nery when the presence of a wuser and clothing and accouternents
t her eof wi t hiwowmerszpr edet er- mned vol une coul d cause i nj uMC33E96/00142

ehgagenent . Additionally in accordance with a preferred
enbodi ment of the present invention, the sensor conprises at |east one
ul trasoni c transducer. Furthernore in accordance wth a

preferred enbodi nent of the present inven®ion, the sensor is opera- tive in
the reference sensing node of operation in the absence of a user or
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ceived from ocoutside the predetermined volume.

In accordance with a preferred embodiment of
the present invention, the automatic door operating
system is mounted on a vehicle, such as a bus or train
and the predetermined volume is located at the steps
leading to the door from the outside thereof.

Further in accordance with a preferred embodi-
ment of the present invention, there is provided a vehi-
cle having a chassis, a body and propulsion apparatus,
the body including at least one door operating system
comprising an automatically operable door, a sensor for
sensing the presence of an object within a predetermined
volume located at the door of the vehicle and above
steps leading to the door of the vehicle from the outside
thereof, and a door controller operative at 1least par-
tially in response to an output from the sensor to actu-
ate the automatically operable door.

The present invention will be understood and
appreciated more fully from the following detailed de-
scription, taken in conjunction with the drawings in
which:

Fig. 1 is a simplified pictorial illustration
of a bus having an automatic door operating system con-
structed and operative in accordance with a preferred
embodiment of the present invention;

Fig. 2A is an illustration of an automatic door
operating system constructed and operative in accordance
with a preferred embodiment of the present invention and

employing a single sensor;



enbodi mrent of the present invention, the sensor conprises at |east two
sensors view ng the predeterm ned vol une and toget her providing an out put

i ndication of the location of objects within the predeterm ned volune in at
| east two dinensions and wherein the control apparatus is responsive
to the output indication for preventing opera- tion of said machi nery when

the presencegwfo7ésper and clothing and accouternents

t hpEphlsndk:

predeterm ned | ocations within the predeterm ned vol une coul d cause
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4 injurious engagenent. Still further in accordance with a
preferred enbodi ment of the present invegtion wherein the control apparatus

is operative to be non-responsive to predeter-

Fig. 2B is a sectional illustration taken along

the plane 2B designated in Fig. 2A;

Fig. 3A is an illustration of an automatic door

operating system constructed and operative in

accordance

with a preferred embodiment of the present invention and

employing two sensors;

Fig. 3B is a sectional illustration taken along

the plane 3B designated in Fig. 3A;

Fig. U4A is an illustration of an automatic door

operating system constructed and operative in

accordance

with a preferred embodiment of the present invention and

employing three sensors:

Fig. 4B is a sectional illustration taken along

the plane 4B designated in Fig. 44a;

Fig. 4C is a sectional illustration taken along

the plane 4C designated in Fig. 4A:
Fig. 5A 1is an illustration of

elevator door operating system constructed and

automatic
operative

in accordance with a preferred embodiment of the present

invention and employing plural sensors;

Fig. SB is a sectional illustration taken along

plane 5B - 5B of Fig. 54;

Fig. 6A is an illustration of an machine tool

safety system constructed and operative in

accordance

with a preferred embodiment of the present invention and

employing three sensors;

Fig. 6B is a sectional illustration taken along

plane 6B - 6B of Fig. 6A;

Fig. 6C is a sectional illustration taken along

plane 6C ~ 6C of Fig. 6A;

Fig. 7 is a simplified block diagram

illustra-

tion of circuitry employed in the apparatus of Fig. 1 in

the closing mode;
Fig. 8 is a simplified flow chart

operation of the apparatus of Fig. 7;

Fig. 9 is a simplified block diagram

illustrating

"illustra-



m ned regions within an outer boundary of the predeter- m ned vol une,
corresponding to predeterm ned tinme do- nains. There is al so
provi ded in accordance with a preferred enbodi ment of the present invention
a .safety apparatus for preventing injurious engagenent of nmachin- ery with
a user and clothing and accouternents thereof within a predeterm ned vol une
i ncl udi ng at |westntsa® sensors view ng the predeterm ned vol REITRPHPO142

t oaget her providing an output indication of the |ocation of objects within
the predeterm ned volunme in at |east two dinen- sions, control apparatus
responsive to the output indica- tion for preventing operation of the

machi nery when the presence of a user and Tl othing and accouternents
thereof at predetermned I|ocations wthin the pr edet er mi ned vol une
coul d cause injtdbhObe ENFAYEIMNlenployed in tWéldigp ditdlusy olfNFagSOr glance with
a preferred eandLnggngj é@g present invention, the at |east two sensors
conprise at |east P ul trasoni ¢ transducers. Furthernore in
accordance with a preferfigl dfbdd metinbnet dbagram dilustvetingenorehe-

control apparayibHSoeXeheldeseUiadet @enrogd ¢ pir ee- di nensi onal regions from

the predeterm ned vol une_gcorrespgndi n 0, predet erm,ned couobi nati ops_ of
different ti me domains of §he it qlsegsge%‘%f)%‘gns °rws.°harq: lﬂ“s%gf’enqs al so

provi ded i n aceerdanet the lpregntdher pdgorhbmi ok rithepfsafigsypr apparatysent i on
a door operati g tHstpreEMPrinSidnd ion ;auh@nati cal |y operabl e door, a sensor

for sensing the presenceppf anplegt uhLbLi A &Y 43S B5duYeLyEE,f Ocat ed
operation of a preferred embodiment of the present inven-

tion.

Reference is now made to Fig. 1, which illus~-
trates & vehicle, such as a bus 10, having a chasgis 12,
a body 14 and propulsion apparatus 16. The body 14 in-
cludes at least one door operating system. In accordance
with a preferred embodiment of the invention, the door
operation system is an automatic system, coamprising an
gsutomatically operable door 18, a sensor 20 for sensing
the presence of an object within a predetermined volume
22, also termed the "protected"” volume, in the vicinity
of the door, and a door controller 24 operative at least
partially in response to an output from the sensor 20 to
actuate the automatically operable door.

Alternatively, the door operation system may be
semi-automatic wherein the door controller 24 provides an
output indication to the driver, who, responsive thereto,
opens or closes the door,

In accordance with a preferred embodiment of
the invention, the predetermined volume 22 covers the
region of the door and above steps 26 leading to the
door 18 from the outside thereof and does not extend
outwardly thereof, thereby to avoid false detections of
objects or images beyond the steps.

Reference is now made to Figs. 2A and 2B, which
illustrate an automatic door operating system constructed
and operative in accordance with a preferred embodiment
of the present invention and employing a single sensor.



vehi cl e and above steps |leading to the door of the vehi- cle fromthe

out si de thereof, and a door controller WO 97/ 17520

PCT/ 1 L96/ 00142 5 operative at |east
partially in response to an output fromthe sensor to actuate the
automatical ly operabl e door. . In accordance with a preferred

embodi ment ofyJdIfrdapesent invention the sensor is an ul trasgefoGIsO" -

Al ternatively any other suitable type of sensor may be enpl oyed provi ded
that it is insensitive to inputs re- ceived fromoutside the predeterm ned
vol une. In accordance with a preferred enbodi nent of the present
invention, the automatic door operating gystemis nounted on a vehicle,
such as a bus or train

It ma§ be appreciated that the single sensor, indicated
by reference numeral 20, views all of the steps 26,

In accordance with a preferred embodiment of
the present invention, sensor 20 is an ultrasonic traﬂs-
ceiver or any other suitable sensor which transmits
energy into a volume and senses energy reflected there-
from. It is known to limit boundaries of the field of
view of such sensors by limiting the time duration over
which received reflected energy is taken into account, in
other words, by limiting the time window of reflected
energy from a volume thereby to define a desired protect-
ed volunme.

In accordance with a preferred embodiment of
the invention, not only the boundaries of the Ffield of
view of sensor 20 are limited, but alsoc the internal
configuration of the protected volume is defined by
suitably limiting the time window of reflected energy.

Referring now particularly to Fig. 2B, it can
be seen that if it is desired to eliminate energy reflec-
tions from the top facing surfaces of steps 26, it 1is
necessary to ignore energy reflections during certain
intervals of time within the time window. These intervals
correspond to predetermined radial distance outlines from
the sensor 20 and are indicated in Fig. 2B by reference
numerals 30.

The resulting outlines of the distances corre-
sponding to the intervals are thus seen to be curved.
Within each distance outline, a corresponding top surface
32 of a step 26 is schematically drawn to illustrate that
due to the curvature of the distance outlines, the thick-
ness thereof must be sufficient to enable the outline to
enclose the entire top surface 32 of the step.

Reference is now made to Figs. 3A and 3B, which
illustrate an automatic door operating system constructed
and operative in accordance with another preferred embod-
iment of the present invention and employing a pair of



and the predetermned volune is located at the steps leading to the
door fromthe outside thereof. Further in accordance with a
preferred enbodi - nent of the present invention. there is provided a vehi-
cl e having a chassis, a body and propul sion apparatus, the body i ncl uding
at | east one door operating system conprising an automatically operable
door, a sensowofan7®ensi ng t he presence of an object w thin BCTHEHMIE i ned
veol une | ocated at the door of the vehicle and above steps |l eading to the
door of the vehicle fromthe outside thereof, and a door controller
operative at least par- tially in response to an output fromthe sensor to
actu- ate the automatically operable door9 The present invention
wi || be understood and appreciated nore fully fromthe foll ow ng detail ed
cFi_e- _sgr! pti Ongsé:féﬂfﬂl gum _ﬁataj w_ﬁ.ctielrhlaw tﬂé ?@%r@&?%ggstmﬂt WHLBair of .

i g. is a si ified . pic ial jJlustratign of a bus having an automatic
door operatinggggﬁﬁﬁﬂnWﬁﬁﬁ-aiérﬁ%t%ﬂfaﬁﬁfqugﬁative in accordance with a
preferred enbodi nent of Inheapeesdance widiy jpopreferred emitidimex | ©fan
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operative in accordance with a Ipregtq{erregu«amg%rrgggsggs the i esent -

i nvention and EMBIANG 8 sPhghe sensor ;
mits energy into a volume and senses energy reflected
therefromn.

In accordance with a preferred embodiment of
the invention, the internal configuration of the protect-
ed volume is defined not only by suitably 1limiting the
time window of reflected energy but also by triangulation
in two dimensions by virtue of the time differences in
receipt of reflections by the individual sensors.

Referring now particularly to Fig. 3B, it can
be seen that if it is desired to eliminate energy reflec-
tions from the top facing surfaces of steps 26, it is not
necessary to ignore energy reflections during full inter-
vals of time within the time window, as in the embodiment
of Figs. 2A and 2B. Only portions of these intervals,
corresponding to the width and location of the top facing
surfaces of the steps 26 need be ignored. These portions
are determined by triangulation of the outputs of the two
sensors 40 and 42 and are indicated in Fig. 3B by refer-
ence numerals 50.

Within each distance outline corresponding to
an interval outline, a corresponding top surface 32 of a

_step 26 is schematically drawn to illustrate that the
location and width of the portion of the distance outline
which is ignored corresponds to the width and location of
the step and is determined by triangulation.

Reference is now made to Figs. 4A, 4B and 4cC,
which illustrate an automatic door operating system
constructed and operative in accordance with another
preferred embodiment of the present invention and employ-
ing three sensors 60, 62 and 64. It may be appreciated
that the three sensors view all of the steps 26.
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6 ' Fig. 2B is a sectional illustration taken along the plane 2B
designated in Fig. 2A Fig. 3Ais an illustration of an autonmatic
door operating system constructed and operative in accordance with a
preferred enbodi nent of the present invention and enploying two sensors;

Fig. 3B is gygefifssnal illustration taken along the plane Brfgsseeaated in
Fig. 3A Fig. 4Ais an illustration of an automatic door

operating system constructed and operative in accordance with a preferred
enbodi ment of the present invention and enploying three sensors;

Fig. 4B is a sectional illustration takeyp al ong the plane 4B designated in
Fig. 4A Fig. 4Cis a sectional illustration taken along the

pl ane 4C designated i n.[rlzl %cc%@dance with a%z%t‘e%eids %ﬂbUdligg}antci)Pn of an

autonmati c
the present invention, sensors 60, 62 and 64 are ultra-

sonic transceivers or any other suitable sensors which
transmits energy into a volume and sense energy reflected
therefrom.

In accordance with a preferred embodiment of
the invention, the internal configuration of the protect-
ed volume is defined not only by suitably 1limiting the
time window of reflected energy but also by triangulation
in three dimensions.

Referring now particularly to Figs. 4B and 4cC,
it can be seen that if it is desired to eliminate energy
reflections from the top facing surfaces of steps 26, it
is not necessary to ignore energy reflections during full
intervals of time within the time window, as in the
embodiment of Figs. 2A and 2B. Only portions of these
intervals, corresponding to the width, depth and location
of the top facing surfaces of the steps 26 need be
ignored. These portions are determined by triangulation
of the outputs of the three sensors 60, 62 and 64 and are
indicated in Fig. 4B by reference numerals 70 and in Fig.
4C by reference numerals 72.

Within each distance outline corresponding to
an interval outline, a corresponding top surface 32 of a
step 26 is schematically drawn to illustrate that the
location, depth and width of the portion of the distance
outline which is ignored corresponds to the depth, width
and location of the step and is determined by triangula-
tion in three dimensions.

Reference is now made to Figs. 5A and 5B, which
illustrate an automatic elevator door operating system
constructed and operative in accordance with another
preferred embodiment of the present invention and employ-
ing a pair of sensor 80 and 82, '

It may be appreciated that the pair of sgensors
view 8all of the threshold 84 on both sides of elevator



el evat or door operating system constructed and operative in accordance with
a preferred enbodi nent of the present invention and enpl oyi ng pl ural
sensors; Fig. 5B is a sectional illustration taken al ong plane 5B
-.5B of Fig. 5A Fig. 6Ais an illustration of an nachi ne tool
safety system constructed and operative in accordance with a preferred
enbodi nent of woneI/asesent i nvention and enpl oyi ng t hree sensBEHILI600142

Frg. 6B is a sectional illustration taken along plane 6B - 6B of Fig. 6A
Fig. 6Cis a sectional illustration taken along plane 6C - 6C of Fig. 6A
Fig. 7is a sinplified block diagramillustra- tion of circuitry enployed
in the apparatus of Fig. 1 in the cl osingldode; Fig. 8is a
sinplified flow chart illustrating operation of the apparatus of Fig. 7,

Fig. 9 is a siapbidi &b naci88deagwen ids usinfarce 89 of door 88 whose
energy are to be eliminated.

In accordance with a preferred embodiment of
the present invention, sensors 80 and 82 are ultrasonic
transceivers or any other suitable sensors which trans-
mit energy into a volume and senses energy reflected
therefron.

In accordance with a preferred embodiment of
the invention, the internal configuration of the protect-
ed volume is defined not only by suitably 1limiting the
time window of reflected energy but also by triangulation
in two dimensions. This enables the surface 89 of the
door 88 which is in the field of view of the sensors 80
and 82 to be ignored.

Referring now particularly to Fig. 5B, it can
be seen that if it is desired to eliminate energy reflec-
tions from the surface 89 of door 88, it is not necessary
to ignore energy reflection; during a full interval of
time within the time window, as in the embodiment of
Figs. 2A and-ZB. Only the portions of an interval, corre-
sponding to the location of surface 89 of door 88 need
be ignored. This portion is discriminated from the return
signal by triangulation of the outputs of the two sensors
80 and 82 and is indiceted in Fig. 5B by reference numer-
al 90. Reference numeral 90 labels a region between a
first position 92 of the door 89 and a second position 94
of the door 89.

Within the distance outline corresponding to a
time interval outline, side surface 89 of door 88 is
schematically drawn to illustrate that the location and
width of the portion of the distance outline which is
ignored corresponds to the width and location of the
surface 89 and is discriminated by triangulation.

Reference is now made to Figs. 6A, 6B and 6C,
which illustrate a machine tool safety system constructed
and operative in accordance with another preferred embod-
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7 tion of circuitry enployed in the apparatus of Figs. 4A - 4C and 6A -

6B; Fig. 10 is atimng diagramillustrating opera- tion of the
circuitry of Fig. 9; Fig. 11 is a detailed flow chart

Il lustrating part of the operating algorithmof the safety apparatus of the
present i nvegbl¢9Riszgnd : Fig. 12 is a general fl ow wiaiéen0142

Ll lustrating operation of a preferred enbodi nent of the present inven-
tion. Ref erence is now made to Fig. 1, which illus- trates a

vehi cl e, such as a bus 10, having a chassis 12, a body 14 and propul sion
apparatus 16. The body 14 in- cludes at heast one door operating system In
accordance with a preferred enbodi nent of the invention, the door operation

systemis an autqmati te risin a matical |y operabl e door
18, a sensor W'?Otor °§gn§|¥% Fﬁ%g%%slenn"ceé&o r;'an'zl’;c}gj e%?g%af%ﬁ at%ree
pr edet er mi necersiante 199, AP3oardr ¥ t He mswobecerEreGHl tafkk that tthe

vicinity of t¢wr&loosenaddsavilerraTDNEF &l lwdirkpdeoperagion atod eamticpartially .

in response t ut h or 20 to actuate the automatically
oper abl e dooré.)etaﬂ‘e% ap%t”&%?g%é\a??ve y, the door operation system may be.

sem - aut omati ¢ wher ei nIPheageorderss riithere Prefesypdcsemppdiment of
the present invention, sensors 100, 102 and 104 are

ultrasonic transceivers or any other suitable sensors
which transmits energy into a volume and sense energy
reflected therefrom.

In accordance with a preferred embodiment of
the invention, the internal configuration of the protect-
ed volume is defined not only by suitably 1limiting the
time window of reflected energy but also by triangulation
in three dimensions.

Referring now particularly to Figs. 6B and 6C,
it can be seen that if it is desired to eliminate energy
reflections from workpiece region 106 and from a work-
piece support 108, it is not necessary to ignore énergy
reflections during full intervals of time within the time
window, as in the embodiment of Figs. 2A and 2B. Only
portions of these intervals, corresponding to the width,
depth and location of the outer facing surfaces of the
region 106 and support 108 need be ignored. These por-
tions are determined by triangulation of the oﬁtputs of
the three sensors 100, 102 and 104 and are indicated in
Fig. 6B by reference numerals 110 and in Fig. 6C by
reference numerals 112.

Within each distance outline corresponding to
an interval cutline, corresponding surfaces 106 and 108
are schematically drawn to illustrate that the location,
depth and width of the portion of the distance outline
which is ignored corresponds to the depth, width and
location of the surfaces 106 and 108 and are determined
by triangulation in three dimensions.

Reference is now made to Fig. 7, which 1is a
simplified block diegram illustration of circuitry em-



output indication to the driver, who, responsive thereto, opens or closes

t he door. In accordance with a preferred enbodi nent of the

i nvention, the predeterm ned volune 22 covers the region of the door and
above steps 26 leading to the door 18 fromthe outside thereof and does not
extend outwardly thereof, thereby to avoid fal se detections of objects or

| mages beyondwanes/19520ps . Ref erence i s now nade to PFCTE9680142Nd
2B. which illustrate an automatic door operating system constructed and
operative in accordance with a preferred enbodlnent of the present

I nvention and enpl oying a single sensor. WD 97/ 17520

PCT/ 1 L96/ 00142 13 8 It may be appreciated that
t he single sensor, indicated

ployed in the automatic door operating system of Fig. 1.
An ultrasonic transmitter 150 transmits ultrasonic ener-
gy, typically having a frequency in excess of 20KHz into
the protected volume 22 (Fig 1). Reflected wultrasonic
energy from objects such as an object 151 within the
protected volume 22, is received at one or more detec-
tors 152, such as a model 400ER 250 of Prowave Company of
Taiwan, which typically is sensitive only to the frequen-
cy of the transmitter 150. The transmitter 150 and the
detector 152 may be embodied in an unitary transceiver.

Preferably at least one of the transmitters 150
and detectors 152 and possibly both of them are operative
within predetermined solid angles, thereby to limit false
detections which could result from reflections of ultra-
sonic energy from outside the desired predetermined
volume.

In accordance with a preferred embodiment of
the present invention, the arrangement of the transmit-
ters 150 and the detectors 152 may enable the circuitry
of FPFig. 7 to determine the location of the object by
triangulation.

" The output of detector 152 is supplied to an
analog amplifier 154, which may be embodied in 3 CLC505
chips. The output of the analog amplifier 154 is supplied
to a threshold comparator 156, such as an LM 119 chip,
which compares the output of detector 152 with a prede-
termined threshold. '

The output of comparator 156 is supplied to
detector logic circuitry 160 which defines a time window
following transmission of the ultrasonic energy by trans-
mitter 150, for receipt of reflected ultrasonic energy.
This time window corresponds to distance from the trans-
mitter and is operative to define the detection volume.
The detector logic circuitry 160 is preferably embodied
in an EPM 5160 chip commercially available from Altera of

San Jose, California.



by reference nuneral 20, views all of the steps 26.

| n accordance

with a preferred embodi ment of the present invention, sensor 20 is an
ultrasonic trans- ceiver or any other suitable sensor which transnmits
energy into a volunme and senses energy reflected there- from It is known
to limt boundaries of the field of view of such sensors by limting the

time durati onwg\efqrsydi ch received reflected energy is taken gogip ¥6?(ﬁi:&unt

in other words, by limting the time w ndow of reflected energy

vol une thereby to define a desired protect- ed vol une.

accordance with a preferred enbodi nent of the invention,

n

roma

ot onIy the_

boundaries of the field of view of sensor;)20 are limted, but also the
i nternal configuration of the protected volune is defined by suitably

limting the time w ndow of reflect

Re

ferring now

particularly to Fig. 28 "1’t°r€§r?“5§°gg§ﬁ Jtéétr‘?‘feﬁ"tesl &n&BPrEJTFRP el # i nat e
energy refl eccrygomb fqmltlhemtroéGﬁachi\gh akdacgdviidest e@psodfputt t&

neCﬁssarK to asa@ée%&nelr@acr %filr%ﬁ&wp&wrIm&,e;fga'tugehn}g
vmtlntetlrrevmn rvals, corres

di stance out| R8s ?r‘g'#i tarfee@gn RtV es &5 |"‘&é'rt"'86 i h3&t g. DT ey
reference nuntf@l s Jypically embofmedrialsLﬁtMmdmﬁth chiips ecémbdwc Bl aNCeS
corre- spondi gaiDaBie fir@tmemsabsogge thus seen to be curved. Wthin each

[valge pfe 1ime

eterm ned radi al

26 is

di stance outline, a cor ond n ace 32 of a ste _
schematically drawn to |’1° §Pf’§fgl{’?1§tféo%ei"tt§ §ﬁ§e5ufﬁ’é?u$‘é APLAAL i st ance
outlines, theirg cdlaterfaset gdrovitnlZQ. Hhes wivfeireiténg {otentdde tdiar-outline
to cuitry 170 may either provide a "CLEAR" door closing

actuation signal directly to door controller 24 {Fig. 1)

or alternatively provides a safety indication to an

operator who operates the door controller 24.

Reference is now made to Fig. 8, which 1illus-.

trates the operation of part of the circuitry of Fig. 7.
The functionality which will be described hereinbelow
with reference to Fig. B is typically carried out by

detection logic <circuitry 160 and/or micro-controller

162.

A burst of typically between 4 and 10 pulses of

ultrasonic energy is directed to the protected volume 22

(Fig. 1). Following a predetermined time delay, a re-

flected energy receipt time gate is opened for receipt of

echoes of ultrasonic energy reflected from the

volume 22.

protected

During the time that the reflected energy time

gate 1is open echoes reflected from inside the

protected

volume 22 are received. These echoes preferably include

echoes received from a predetermined reference target

within the protected volume 22, such as the stairs of a

bus, as well as echoes received from non-reference tar-

gets within the protected volume 22, such as persons or

their belongings within the protected volume.
The received echoes are stored and

lyzed.
Upon analysis, if all of the echo

then ana-

pulses re-

ceived are found to originate from a location

within a



encl ose the entire top surface 32 of the step. Ref erence i s now

made to Figs. 3A and 3B, which illustrate an automati c door operating
system constructed and operative in accordance with another preferred
enbod- inment of the present invention and enploying a pair of WO
97/ 17520 PCT/ 1 L9/ 00142

9 sensors 40woedn420 |t nay be appreciated that the pair of PEERS6ME42/i ew
all of the steps 26. In accordance with a preferred enbodi nent of

t he present invention, sensors 40 and 42 are ultrasonic transceivers or any
ot her suitable sensors which trans- mts energy into a volune and senses
energy reflected therefrom I n agcordance wwth a preferred

enbodi mrent of the invention, the internal configuration of the protect-

predetermined proximity to the reference target, the
protected volume is deemed to be clear and a "CLEAR"
signal is sent to the operator.

At this stage, a short duration pulse, typical-
ly of a duration of one microsecond, is transmitted into
the protected volume 22 in order to determine whether any
object is within the protected volume 22 but sufficiently
close to the transmitter 150 so as not to have been
detected by the longer pulses. If no echoes of the short
pulses are received within a predetermined time period
corresponding to the protected volume, an appropriate
"CLEAR" output is provided via interface 170 (Fig. 7) to
either an automatic door or an operator.

If not all of the echo pulses received are
found to originate from a location within a predetermined
proximity to the reference target, a contrary output is
provided which indicates that the doors are not to be
closed.

Reference is now made to Fig. 9, which 1is a
simplified block diagram illustration of circuitry em-
pPloyed in the automatic door operating system of Figs. H4A
- 4C. Three separate ultrasonic transducers 180, 182 and
184, each include an ultrasonic transmitter 186 which
transmits ultrasonic energy, typically having a frequency
in excess of 20KHz into the protected volume 22 (Fig 3A).
Reflected ultrasonic energy is received at three separate
detectors 188, each of which Forms part of one of trans-
ducers 180, 182 and 184. Detectors 188 may be any suit-
able detectors, such as a model 400ER 250 of Prowave
Company of Taiwan, which typically is sensitive only to
the frequency of the transmitter 186.

Preferably at least one of the transmitters 186
and detectors 188 and possibly both of them are operative
within predetermined solid angles, thereby to limit false
detections which could result from reflections of wultra-
sonic energy from outside the desired predetermined



ed volunme is defined not only by suitably Iimting the tinme w ndow of

refl ected energy but also by triangulation in two di nensions by virtue of
the tine differences in receipt of reflections by the individual sensors.
Referring now particularly to Fig. 3B, it can be seen that if it is desired
to elimnate energy reflec- tions fromthe top facing surfaces of steps 26,
it is not negRywRkMet 0 i gnore energy reflections during ful permbgimayal s of
time within the time window, as in the enbodi nent of Figs. 2A and 2B. Only
portions of these intervals, corresponding to the width and | ocation of the
top facing surfaces of the steps 26 need be ignored. These portions are
determ ned by triangul ation of the outpuyg of the two sensors 40 and 42 and

are indicated in Fig. 3B by refer- ence nunerals 50. Wthin each
di st ance outl‘;onle ceorrespondi ng to an interval outline, a corresponding top
surface 32 of a%"{e'p 26 is schematically drawn to illustrate that the

| ocation and wi dth of tIhe porerdsncsd with & prafecredt | emeoddneant | ©fi gnored

Correspf)nd_s ténd Ng rWsdinkt %ﬂdehﬁﬁ@ﬁj oghéafaztmgcsfheatasﬂ t®e giiﬁifgﬂﬁtg bﬁc
triangul ati on, erence . is made _t i S, ) n :
which il lustr%i% anlsasut"é‘r‘%:at;E |L8 g%g?c.%%resr a%\lgnén 2y st gﬁqf%o?%? r udc’trecd’igtrf&'

operative in etcdtigancd kot Aetipvring thefloceddoanbbdi et dfiadte Pwesent

i nvention and:eigigaMatiidg LR ERré&Sensi®dnst2 and 64. It may be

appreciated that the thgee ensors, ¥l dldord 188%a2L DSk O suppriea
to analog amplifiers 192, which may be embodied in 3
CLC505 chips. The output of each analog amplifier 192 is
supplied to a threshold comparator 194, such as an LM 119
chip, which compares the output of detector 186 with a
predetermined threshold.

The outputs of comparators 194 are supplied to
detector logic circuitry 200 which defines one or more
time windows following transmission of the ultrasonic
energy by transmitter 186, for receipt of reflected
ultrasonic energy. These time windows correspond to
distance from the transmitter and are operative to define’
the detection volume. The detector logic circuitry 200 is
preferably embodied in an EPM 5160 chip commercially
available from Altera of San Jose, California.

A microcontroller 202 receives an input from =a
crystal oscillator 204 which also provides an output to
detection logic circuitry 200, which is used for actuat-
ing a driver 206, which drives transmitters 186. Driver
206 is typically embodied in a MC 4452 chip, commercially
available from Motorola.

Microcontroller 202 interfaces with an operat-
ing interface circuit 208. The operating interface cir-
cuit 208 may either provide a "CLEAR" door closing
actuation signal directly to door controller 24 (Fig. 1)
or alternmatively provides a safety indication to an
operator who operates the door controller 24,

Reference 1is now made to Fig. 10 which is a
timing diagram illustrating operation of the circuitry of
Fig. 9. Synchronization pulses, supplied by detector
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10 In accordance with a preferred enbodi nent of the present

i nvention, sensors 60, 62 and 64 are ultra- sonic transceivers or any other
sui tabl e sensors which transmts energy into a volunme and sense energy
reflected therefrom I n accordance with a preferred enbodi nent of
the invention,wbbwiissd er nal configuration of the protect- edPe3ILIS00143
defined not only by suitably Iimting the time w ndow of reflected energy
but also by triangulation in three dinensions. Ref erri ng now
particularly to Figs. 4B and 4C, it can be seen that if it is desired to
elimnate energy reflections fromthe top #jaci ng surfaces of steps 26, it

i s not necessary to ignore energy reflections during full intervals of tine

Wit h' n the ting; PeRdeNy asid Rekpens@bedi aninmic Hirgs ddcabdorBrolldry

portions of thgag, éaqse the transducer driver 206 to cause the trans-
mitters 186 preferably in all three transducers 180, 182
and 184, to simultaneously transmit a burst of ultrasonic
energy pulses into the protected volume 22 (Fig. 1). The
bursts are typically of duration about 100 microseconds.

Following each burst, echoes received from the
protected volume 22 are received by detectors 188 of the
transducers 180, 182 and 184. The outputs of detectors
188 are only considered if they fall within a time window
defined by a gate interval generated by microcontroller
202. In the illustrated example of Fig. 10, the echoes of
the bursts are received at different times by different
detectors. Clearly the time of receipt by a given detec-
tor is a function of the distance of a target from that
detector. In such a way, time based triangulation {is
employed to determine the location of the target in the
protected volume.

Fig. 11 illustrates the operating algorithm of
the apparatus of Fig. 9 in eliminating consideration of
echoes received from defined volumes enclosing fixed
objects within the protected volume. The protected volume
is initially viewed by three sensors and the fixed ob-
jects therein are mapped. An excluded volume is then
defined which encloses each of the_mapped fixed objects.

During steady state operation of the apparatus,
echoes from both outside the protected voiume and from
the excluded volumes {(where an excluded volume is defined
as a legitimate region including background objects)
which enclose the fixed objects within the protected
volume are not considered. If and only if echoes are
received from within the protected volume but cutside the
excluded volumes is door closure prevented or a corre-
sponding action taken or avoided in another operational
context.

.It is a particular feature of the  present



i nterval s, corresponding to the width, depth and |ocation of the top facing
surfaces of the steps 26 need be ignored. These portions are determ ned by
triangul ation of the outputs of the three sensors 60, 62 and 64 and are
indicated in Fig. 4B by reference nunerals 70 and in Fig. 4C by reference

nuneral s 72. W thin each distance outline corresponding to an
interval out lid@y2geCOr respondi ng top surface 32 of a step géraDenoisaz
schematically drawn to illustrate that the |location, depth and wi dth of the

portion of the distance outline which is ignored corresponds to the depth,
wi dth and | ocation of the step and is determ ned by triangula- tion in

t hree di nensi ons. Reference isjgow made to Figs. 5A and 5B, which
illustrate an automatic el evator door operating system constructed and
operative in accaordanc L th another preferred enbodi ment of the present
iP\vention and SRR 39" ?H‘é’ka@’b i PP "g’ﬁsé’ §6°aREeENE {hvention f@"may be
appreci at ed theatuseide npgi Pndy Eensereveritdpgalclosing hef tdpashdiut &dson bot h
sides of el ewsdrOr sutomatic door opening without additional hardware.

Reference is now made to Fig. 12 which illustrates the
operation of the present invention.

As seen in Fig. 12, following initial configu-
ration of the system and definition of one or more pro-
tected volumes and excluded volumes therewithin, a vehi-
cle is operated selectably in a manual mode, wherein door
opening and closing is controlled exclusively by an
operator or in an automatic mode wherein at least one and
preferably both door opening and closing is automatically
controlled.

Door opening may be enabled by an operator when
he reaches a station or automatically by a sensor which
senses arrival at a station and stopping of the wvehicle.

" In the automatic mnode of operation, even after door
opening is enabled by the operator, the door will only be
opened when a target is located within a predetermined

_ protected volume but outside an excluded volume there-
within. In this case the target is normally part of a
passenger's body.

The same sensors and logic apparatus may be
employed for automatic door closing. When door closing is
enabled by an operator or by any other suitable automatic
or semiautomatic system, the door will only be closed
when a target is not located within a protected wvolume
but outside an excluded volume therewithin.

It is a particular feature of the present
invention that the protected volume for door opening need
not be identical with the protected volume for door
¢clesing, notwithstanding that the same hardware is em-
ployed. Selection of the protected volumes may be made by
suitable calibrations or instructions given to the detec-
tor circuitry or other circuitry in the system.

It will be appreciated by persons sgkilled in
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11 doors 86 and 88 as well as surface 89 of door 88 whose energy are to be
el i m nat ed. In accordance with a preferred enbodi nent of the
present invention, sensors 80 and 82 are ultrasonic transceivers or any

ot her suitable sensors which trans- mt energy into a volune and senses
ener gy refl ecwodmtser ef r om In accordance with a [FCELI6/03142
enbodi nent of the invention, the internal configuration of the protect- ed
volune is defined not only by suitably limting the tinme w ndow of

refl ected energy but also by triangulation in two dinensions. This enables
the surface 89 of the door 88 which is imt%he field of view of the sensors
80 and 82 to be ignored. Referring now particularly to Fig. 5B,
it can be seernkhabti that tise dReisead Lavehtomaie mnendyitell eg-whaons from

t he surface 8 of 988{1 ﬁ%‘dé 1&1 oghg?ﬁegﬁgrydéso%nlb%%or feCBEhBove.

reflections d |ng terv tinme wt he time w ndow, as
in the enbo&etbar tb? Frope ofp thed Prasenh| inventinn disodefdpednonhy erval ,
corre- spondi g the tbeims oapidworoafiowurface 89 of door 88 need be
ignored. This portion is discrimnated fromthe return signal by

triangul ation of the outputs of the two sensors



80 and 82 and is indicated in Fig. 5B by reference nuner-

nuneral 90 | abels a region between a first position 92 of t
second position 94 of the door 89. Wthin the dis

TR

corresponding to a tine interval outline, side surface 89 of door
schematically drawn to illustrate that the |location and w dth of the

portion of tRgodyfls@nce outline which is ignored correspond;mﬁﬁiiduﬁdy dth

and location of the surface 89 and is discrimnated by triangu

ation

Ref erence is now made to .Figs. 6A, 6B and 6C, which illustrate a machine
tool safety system constructed and operative in accordance w th anot her

preferred enbod- WO 97/ 17520 ,g
PCT/1L96/ 00142 : 12

CLAIMS

1. Door control apparatus for vehicles comprising:

at least one sensor viewing at least one region

in the vicinity of & door;

logic circuitry responsive to said at least one

sengsor for providing at least one region clear

signal;

ocoutput

automatic door opening and door closing appara-

tus responsive at least to the absence of =8 region clear

output signal to cause opening of said door and

respon-

sive at least to the presence of a region clear output
signal to cause closing of said door.

2. Door control apparatus according to claim 1 and
wherein said automatic door opening and door closing

apparatus is responsive at least to the absence of a

region clear output signal to cause opening of said door

and responsive at 1least to the presence of

the same

region clear output signal to cause closing of said door.

3. Door control apparatus according to claim 1 and

wherein said automatic door opening and door

closing

~apparatus is responsive at least to the absence of =&

first region clear output signal in respect of

a first

region to cause opening of said door and responsive at

least to the presence of a second region clear
signal, different from the first region clear

output
output

signal, in respect of a second region different from said

first region, to cause closing of said door.

4. Door control apparatus according to claim 3 and

wherein said first and second regions are mutually over~

lapping.

5. Door control apparatus according to claim 3 and



iment of the present invention and enploying three s
and 104. It may be appreciated that the three sensors view 3“““”%“ I" ""
wor kpi ece region 106 which defines a protected vol une. * C moos  x

accordance with a preferred enbodi nent of the present invention, sensors
100, 102 and 104 are wultrasonic transceivers or any other suitable sensors
which transm wo®Mes2y into a volune and sense energy refl REEAIVP42f r om
In accordance with a preferred enbodi nent of the invention, the internal
configuration of the protect- ed volune is defined not only by suitably
limting the tinme w ndow of reflected energy but also by triangulation in
t hr ee di nensi ons. Referring nowlparticularly to Figs. 6B and 6C
it can be seen that if it is desired to elimnate energy reflections from
wor kpi ece regwhRerddp sail friaEtcaandr kecinEaegivnppare #08ually i endiqi-
necessary to pgpere energy reflections during full intervals of tine
within the tine wndow, as in the enbodi nent of Figs. 2A and 2B. Only
port.ions of these intervals, corresponding to the width, depth and | ocation
of the outer &acing surfeaeegoatrboheaprgravusl @conrdifgpperéladis Nes@ be

I gnored. Thes ot ar, term trl at j of _ t.he .qut puts of
the three sen‘g%?géjlxbo,&?§2 é’gég?of'g%}e‘g?g’%‘l né‘ieggtgg i%pﬁgi g‘f“%%an}gy

ref erence nunByEpallyl ®v&fdePRiIREg. 6C by reference numerals 112.

Wthin each distance outline corresponding to an interval outline.

correspondi ng, surfaces sJaQ'@tQ”d ;anlagtq,sscr}%r;at E:Q@LLXtQﬁQV‘“ fn%uirlilo‘ﬂxsét rate

that the |ocation, i
engagement of machinery with a user and clothing and

accouterments thereof within &a predetermined volume
comprising:
a sensor having two modes of operation:
a reference sensing mode of operation for
sensing the boundaries of the predetermined volume; and
an engagement prevention mode of operation
for sensing the presence of a user and clothing and
accouterments thereof within the predetermined volune;
and
control apparatus responsive to outputs fronm
said sensor in both of said modes of operation for pre-
venting operation of said machinery when the presence of
a user and clothing and accouterments thereof within the
predetermined volume could cause injurious engagement.

8. Safety apparatus according to claim 7 and
wherein said sensor comprises at least one ultrasonic

transducer.

9. Safety apparatus according to either of claims
7 and 8 and wherein said sensor is operative in said
reference sensing mode of operation in the absence of a
user or operator within the predetermined volume.

10. Safety apparatus according to any of the pre-
ceding claims 7 - 9 and wherein said sensor is operative
in said reference sensing mode of operation with general-



depth and width of the portion of the distance outline whi

corresponds to the depth, width and |ocation of the surfacﬁ“lmmnﬂ“ MH“I
and are determ ned by triangulation in three di nensions.

Reference is now made to Fig. 7, which is a sinplified block d| agram

illustration of circuitry em WD 97/ 17520

PCT/ 1 L96/ 00144 97117520 13 pl oyed pcratbéoendst omati c
door operating systemof Fig. 1. An ultrasonic transmtter 150 transmts

ultrasonic ener- gy, typically having a frequency in excess of 20KHz into

the protected volune 22 (Fig 1). Reflected ultrasonic energy from

obj ects such as an object 151 within thggprotected volume 22, is received

at one or nore detec- tors 152, such as a nodel 400ER 250 of Prowave

Conpany of : .
ly the same frequency as it is operative in said engage-

ment prevention mode of operation.

11. Safety apparatus according to any of the pre-
ceding claims 7 - 10 and wherein said sensor is operative
in sgaid reference sensing mode of operation with a fre-
guency much less than it is operative in said engagement
prevention mode of operation.

12. Safety apparatus according to any of the preced-
ing c¢laims 7 - 11 and wherein said sensor comprises at
least two sensors viewing the predetermined volume and
together providing an output indication of the location
of objects within the predetermined wvolume in at least
two dimensions and wherein said control aepparatus is
responsive to said output indication for preventing
operation of said machinery when the pfesence of a user
and clothing and accouterments thereof at predetermined
locations within the predetermined volume could cause
injurious engagement.

13. Safety apparatus according to any of. the pre-
ceding claims 7 -~ 12 and wherein said control apparatus
is operative to be non responsive to predetermined re-
gions within an outer boundary of said predetermined
volume, corresponding to predetermined time domains.

13, Safety apparatus for preventing injurious
engagement of wmachinery with & user and clothing and
accouterments thereof within =a predetermined volume
comprising:

at least two sensors viewing the predetermined
volume and together providing an output indication of the
location of objects within the predetermined voiume in at
least two dimensions;

control apparatus responsive to said output



Tai wan, which typically is sensitive only to the frequen- ¢
transmtter 150. The transmtter 150 and the detector 152 ﬂﬂhﬁﬂ@“ﬁmﬂlm
in an unitary transceiver. Preferably at least o it (i i
transmtters 150 and detectors 152 and possibly both of them are operative
within predetermined solid angles, thereby to limt false detections which
could result fwosr8%0 ections of ultra- sonic energy from ouPSTES6/0pI42
desired predeterm ned vol une. In accordance with a preferred
enbodi mrent of the present invention, the arrangenent of the transmt- ters
150 and the detectors 152 nmay enable the circuitry of Fig. 7 to determ ne
the location of the object by triangul ati éa. The out put of
detector 152 is supplied to an analog anplifier 154, which may be enbodi ed

in 3 CLC505 chigsicalbionoutput pretéret Biplop@ratpbinf ber 4844 | wddiipleirgd 0 a
t hreshol d corlrg‘%;éa}‘t Or“‘?g}“g%gfﬁgea&a@ rlJa%chgthhmbcha P cgﬁltte e out put

of detector W th term ned thresho out put of
conpar at or 156m§ntssyerealt oafet Reedtergdinedci Legrtionacovifhiich 48R nes a
time wi ndow f op3& te@niibaas FokthoNc®ild hauslet EAFAPE 6us NSk gAgdBLHY.ANS-
mtter 150, for receipt of reflected ultrasonic energy. This tine w ndow
corresponds to distance fromthe trans- mtter and is operative to define
the detection ¥l une. TRefgévecepparaific @cceyiirg 160 ¢kaim efldr along
enbodi ed i n anwiziMinl6@athi ptCDEBERE Civd Idenadvais| abhprisoOnadiaisz oftwsan

Jose, Callforrﬁfkrasonic transducers.'

16. Safety apparatus according to claim 14 or claim
15 and wherein said control apparatus excludes predeter-
mined three-dimensional regions from said predetermined
volume corresponding to predetermined combinations of

different time domains of said at least two sensors.

17. An automatic door operating system for a vehi-
cle comprising an sutomatically operable door, a sensor
for sensing the presence of an object within a predeter-
mined volume located at the door of the vehicle and above
steps leading to the door of the vehicle from the outside
thereof, and a door controller operative at least par-
tially in response to an output from the sensor to actu-
ate the automatically operable door.

18. Apparatus according to claim 17 and wherein the

sensor is an ultrasonic sensor.

19, Apparatus according to claim 17 or claim 18 and
wherein said sensor is insensitive to inputs received
from outside the predetermined volume.

20. A vehicle having a chassis, a body and propul-
sion apparatus, the body including at least one automat-
ic door operating system comprising an automatically
operable door, a sensor for sensing the presence of an
object within a predetermined volume located at the door
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14 A mcrocontroller 162 receives an input fronﬂ}ﬂ’ﬂ“ﬂ“iw“uuy |II|
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oscillator 166 which also provides an output to detection _
160, which is used for actuat- ing a driver 168, which drives transnmtter
150. Driver 168 is typically embodied in a MC 4452 chip, comrercially

avai | abl e frowophehe! a. M crocontrol ler 162 interdqaessatiden an
operat- ing interface circuit 170. The operating interface cir- cuitry 170

may either provide a "CLEAR' door closing actuation signal directly to door
controller 24 (Fig. 1) or alternatively provides a safety indication to an
operator who operates the door controlleryR4. Ref erence i s now
made to Fig. 8, which illus-

of thé vehicle and above steps leading to the door of
the vehicle from the outside thereof, and a door control-
ler operative at least partially in response to an output
from the sensor to actuate the automatically operable
door.

21. Apparatus according to claim 20 and wherein the

sensor is an ultrasonic sensor.

22. Apparatus according to claim 20 or claim 21 and
wherein said sensor is insensitive to inputs received
from outside the predetermined volume.

23. An automatic door operating system comprising
an automatically operable door, a single sensor for
sensing the presence of an object within a plurality of
disconnected volumes 1located at the door, and a door
controller operative at least partially in response to an
output from the sensor to actuate the automatically
operable door.

24, An elevator having a cab arranged for motion
along a travel path and comprising an automatic door
operating system. inciluding an automatically operable
door, a sensor for sensing an automatically operable
door, a single sensor for sensing the presence of an
object within a plurality of disconnected volumes located
at the door, and a door controller operative at least
partially in response to an output from the sensor to
actuate the automatically operable door.

25. A vehicle having a chassis, a body and propul-
-sion apparatus, the body including an automatic door
operating system including an automatically operable
door, a sensor for sensing an automatically operable
door, a single sensor for sensing the presence of an



trates the operation of part of the circuitry of Fig. 7. T
which wll be described hereinbelowwith reference to Fig. ﬂl[m w Hﬂ! ml
carried out by detection logic circuitry 160 and/ or mcro-controlLers

A burst of typically between 4 and 10 pul ses of ultrasonic energy is
directed to the protected volune 22 (Fig. 1). Follow ng a predeterm ned
time del ay, aw@9rf7sacted energy receipt time gate i s openedPEHILISBYE? pt  of
echoes of ultrasonic energy reflected fromthe protected vol une 22.

During the tinme that the reflected energy tine gate is open echoes
reflected frominside the protected volune 22 are received. These echoes
preferably include echoes received from a2predeterm ned reference target
within the protected volume 22, such as the stairs of a bus, as well as

echoes recei ved%jfewma@ﬂ:ae&eﬁmmr nfgaascwhwwea he> IRl Gbod v¥al ume

22, such as persons or their n S Wt t he Protect ed vo

The recei ved eec%oepz‘ ear 8° gf‘m%’b‘? dﬁﬂfgﬁogﬁ§°i%ﬁe%p rative atUprﬁ a8hal ysi s,
if all of the reoitdaddlysednr eresrinss tar @nf gukput of xon dileat @efsom atbocat i on
within a actuate the automatically operable door.

26. A véhicle including a chassis, a drive train,
at least one door and door control apparatus comprising:

at least one sensor viewing at least one region
in the vicinity of a door;

logic circuitry responsive to said at least one
sensor for providing at least one region clear output
signal;

automatic door opening and door closing appara-
tus responsive at least to the absence of a region clear
output signal to cause opening of said door and respon-
sive at least to the presence of a region clear output

signal to cause closing of said door.

27. A vehicle according to claim 26 and wherein
said automatic door opening and door closing apparatus is
responsive at least to the absence of a region clear
output signal to cause opening of said door and respon-
sive at least to the presence of the same region clear

output signal to cause closing of said door.

28. A vehicle according to claim 26 and wherein said
automatic door opening and door <closing apparatus 1is
responsive at least to the absence of a first region
clear output signal in respect of a first region to cause
opening of said door and responsive at least to the
presence of a second region clear output signal, differ-
ent from the first region clear output signal, in respect
of a second region different from said first region, to

cause closing of said door.

29. A vehicle according to claim 28 and wherein
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15 pr eqet ermned proximty to the refer ence tar get MMIH"IH ll “ I"I

volune is deened to be clear and a "CLEAR' signal is se

At this stage, a short duration pulse, typical- |y of a duratlon of one
m crosecond, is transmtted into the protected volume 22 in order to
det'erm ne y object is within the protected vol unscrirbidorsz

.o 7 .
sufficiently cl'ose to the transmtter 150 so as not to have been detected
by the | onger pulses. If no echoes of the short pulses are received within
a predetermned tinme period corresponding to the protected volume, an
appropriate "CLEAR' output is provided WYg interface 170 (Fig. 7) to either
an automatic door or an operator. If not all of the echo pul ses
received are found ‘to originate froma |ocation Wléhl n a redeterm ned
proxinmty toSBhg FEFeY se5Pgat T Bl bt 35E PURIEIIY PYep BBPH‘%' whi ch
indicates that the doors are not to be cl osed. Ref erence is now
made to Fig. 3§, whichyiendcilemakbbi&fnd! @k 113008Mahk! WELFSEH Ol £

circuitr ent
y first and second regions are mutually exclusive.

31. A vehicle according to claim 28 and wherein said
first and second regions are partially mutually overlap-
ping.



pl oyed in the automatic door operating systemof Figs. 4A - 4C. Three
separate ultrasonic transducers 180. 182 and 184, each include an
ultrasonic transmtter 186 which transmits ultrasonic energy, typically
having a frequency in excess of 20KHz into the protected volunme 22 (Fig
4A). Reflected ultrasonic energy is received at three separate detectors
188, each of wwmerh7$20rns part of one of trans- ducers 180, 1BAAAG001&,
Det ectors 188 may be any suit- able detectors, such as a nodel 400ER 250 of
Prowave Conpany of Taiwan, which typiﬁﬁbly Is sensitive only to the
frequency of the transmtter 186. Preferably at |east one of the
transmtters 186 and detectors 188 and possibly both of them are operative
within predetermined solid angles, thereby to limt false detections which
could result fromreflections of ultra- sonic energy from outside the

desired predeterm ned WO 97&445<0
PCT/ 1196/ 00142 g

7/ “‘ &
2y
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FIG.



16 vol une. I n accordance with a preferred enbodi ment of the
present invention, the arrangenent of the transmt- ters 186 and the
detectors 186 nay enable the circuitry of Fig. 9 to determ ne the |ocation
of the object by triangulation in three dinensions. The out puts
of detectors 186 are each supplied to analog anplifiers 192, which nmay be
enbodi ed i n 3wogZafsaochi ps. The out put of each anal og anpl i fPEHILIGH142s
supplied to a threshold conparator 194, such as an LM 119 chip, which
conpares the output of detector 186 wpy{p a predeterm ned threshol d.
The outputs of conparators 194 are supplied to detector logic circuitry 200
whi ch defines one or nore tinme w ndows follow ng transm ssion of the
ultrasonic energy by transmtter 186. for receipt of reflected ultrasonic
energy. These tinme w ndows correspond to distance fromthe transmtter
and are operative to define the detection volune. The detector logic
circuitry 200 is preferably enbodied in an EPM 5160 chip commercially
avail able fromAltera of San Jose. Cali ch'G a. r2£6 A mcrocontroller
ifTTrato 4 whi ch

202 receives an input from tal os al so provides an
output to detection logic LircoNyuy 5 | I s used for actuat- ing a
driver 206, which drives fransmttheys 186. Driver s typically ﬁpbodied
in a MC 4452 chip, commeycially availakle from Mtorol a.

24 20
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M crocontrol ler 202 interfaces with an operat- ing interface circuit 208.
The operating interface cir- cuit 208 may either provide a "CLEAR'
door closing actuation signal directly to door controller 24 (Fig. 1) or
alternatively provides a safety indication to an operator who operates the

door controller 24. Ref erence is now made to Fig. 10 which is a
timng di agr awoisrhesserati ng operation of the circuitry of FiR§1/1496/00142
Synchroni zati on pul ses, supplied by detector WO 97/ 17520

PCT/ 1 L96/ 00142 3/19 17 circuitry in response

to an input from mcrocontroller 202, cause the transducer driver 206 to
cause the trans- mtters 186 preferably in all three transducers 180. 182

20

FIG. 2B




and 184, to sinultaneously transmt a burst of ultrasonic energy pul ses
into the protected volunme 22 (Fig. 1). The bursts are typically of duration
about 100 m croseconds. Fol | owi ng each burst, echoes received
fromthe protected volunme 22 are received by detectors 188 of the
transducers 180, 182 and 184. The outputs of detectors 188 are only

consi dered i fwiodwprfaal | wWithin a time wi ndow defined by a gaRE@/ALAVI4,|
generated by mcrocontroller 202. In the illustrated exanple of Fig. 10,

t he echoes of the bursts are received4?q9different times by different
detectors. Clearly the tine of receipt’by a given detec- tor is a function
of the distance of a target fromthat detector. In such a way, tine based
triangulation is enployed to deternmne the |ocation of the target in the
prot ected vol une. | Fig. 11 illustrates the operating al gorithm of
the apparatus of Fig. 9 in elimnating consideration of echoes received
from defined volunes enclosing fixed objects within the protected vol une.
The protected volunme is initially viewFa(B¥ tﬁsﬁe sensors and the fixed ob-

jects therein are mapped. AA—§ ded volunme is then defined which encl oses
each of the mapped fixed opjects Durj ng steady state operation
of the apparatus, echoes §rom bot h~Nqut si de the protected vol unme and dr(nn
t he excluded vol unes (whgre an excluded _volune is defined~as_a Legitlimte
regi on includi ng backgrgund objects) whitk enclose the fixed oprects wthin
the protected vol une aye not consideded. 1f>aqQd only if echoes are received

fromwithin the protected volune but (otd £de t e excl uded vol unes i s d?br
cl osur e prevenfee—et—a—eo
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spondi ng action taken or avoi ded in another operational

It is a particular feature of the present

PCT/ 1 L96/ 00142
apparatus of the present

18

cont ext .
WO 97/ 17520
i nvention that the

i nvention can be used not only for preventing

cl osing of doors but also for automatic door opening w thout additional

har dwar e. Refwoemt?20 s now nade to Fig. 12 which illustrat ePCTALS@BEZAt | on

following initial

of the present invention. As seen in Fig. 12,
configu- ration of the system and def'?igion of one or nore pro- tected
vol unes and excl uded volunmes therewith n, a vehi- cle is operated

sel ectably in a manual node. wherein door
40 42
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opening and closing is controlled exclusively by an operator or in an
automati c node wherein at | east one and preferably both door opening and
closing is automatically controll ed. Door openi ng nay be enabl ed
by an operator when he reaches a station or automatically by a sensor which
senses arrival at a station and stopping of the vehicle. In the automatic
nmode of oper aW®@97/1788en after door opening is enabled by thePEHUPAPYAZ t he
door will only be opened when a target is |located within a predeterm ned
protected vol une but outside an excludﬁﬂuyolune there- within. In this case
the target is normally part of a passeffger's body. The sane
sensors and | ogi ¢ apparatus nmay be enployed for automatic door cl osing.
-When door closing is enabled by an operator or by any other suitable
automatic or sem automatic system the door will only be closed when a
target is not located within a protected vol une but outside an excl uded

vol ume t herewi t hin. 1t is a part!&}@a_r fgf ure of the present

i nvention that the protected volune for door opening need not be identical
with the protected vol une f |_osi ng,
hardware is em ployed. Sefecti
suitable calibrations or ynstructi
other circuitry in the system
skilled in

notwi t hst andi ng that the sane
d volunes may be made by
given to the - tor cichdry or

It will be appreci d per sons
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19 the art that the present invention is not limted by what has been

PCT/ 1L96/ 00142

particularly shown and descri bed herei nabove. Rather the scope of the
present invention is defined only by the clainms which follow

97/ 17520 PCT/ 1 L96/ 00142
} WO 97/17520 PCT/IL96/00142
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20 1. Door control apparatus for vehicles conprising:

at | east one sensor viewing at |east one region in the vicinity of a door;
logic circuitry responsive to said at | east one sensor for providing at
|.east one region clear output signal; aut omati ¢ door opening and
door closing appara- tus responsive at |east to the absence of a region

cl ear output woemweis2zé o cause openi ng of said door and respoPCTALOOHZ | east
to the presence of a region clear output signal to cause closing of said
door. 2. Door control-apparaﬂﬁ@gaccording to claim1 and wherein
said automati c door opening and door closing apparatus is responsive at

| east to the absence of a region clear output signal to cause openi ng of
sai d door and responsive at |least to the presence of the sanme region clear
out put signal to cause closing of said door. 3. Door contro
apparatus according to claim1l and

60,64 ! 62

FIG. 4C

T

72




wherein said automati c door opening and door closing apparatus is
responsive at least to the absence of a first region clear output signal in
respect of a first region to cause opening of said door and responsive at

| east to the presence of -a second region clear output signal, different
fromthe first region clear output signal, in respect of a second region

di fferent fromwcswids®dirst region, to cause closing of said dBolILI6AG}42

Door control apparatus according to claim3 and wherein said first and
second regions are nutually over- Iapgymg. 5 Door contro

apparatus according to claim3 and “D 97/ 17520
PCT/ 1 L96/ 00142

FIG. 5A
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21 wherein said first and second regions are mutually exclu- sive. 6.
Door control apparatus according to claim3 and wherein said first and
second regions are partially mutually overl appi ng. 7. Saf ety
apparatus for preventing i njurious engagenent of machinery with a user
and clothing and accouternents thereof wthin a predeterm ned volune
conprising: wo9%17520 a sensor having two nodes of operati orFCT/IL96/00142

a reference sensing node of operation for sensing the boundaries of the

predet erm ned vol une; and 10/192n engagenent prevention node of
operation for sensing the presence of é %ser and cl ot hing and accouternents
thereof within the predeterm ned vol une; and control apparatus

responsive to outputs fromsaid sensor in both of said nodes of operation
for pre- venting operation of said machinery when the presence of a user
and cl othing and accouternents thereof within the predeterm ned vol une
coul d cause injurious engagenent.

801

FIG. 5B

L— 89




8. Safety apparatus according to claim 7 and wherein said
sensor conprises at |east one ultrasonic transducer. 9. Saf ety
apparatus according to either of clainms 7 and 8 and wherein said sensor is
operative in said reference sensing node of operation in the absence of a
user or operator within the predeterm ned vol une. 10. Safety

appar atus accowalemgsmo any of the pre- ceding clains 7 - 9 BEHIMYEM4ET n
said sensor is operative in said reference sensing node of operation with
general - WO 97/ 17520 11/19

PCT/ 1 L96/ 00142

FIG. 6A
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22 ly the same frequency as it is operative in said engage-
prevention node of operation

ment
. 11. Saf ety
of the pre- ceding clains 7 -

appar atus according to any
10 and wherein said sensor

is operative in
sai d reference sensing node of operation with a fre- quency nuch | ess than
it is operative in said engagenent prevention node of operation 12.

Saf ety appar am@?74eg826r ding to any of the preced

i ng cl ai ns PCT/IL6/0034%]
wherein said sensor conprises at |east two sensors view ng the
pr edet er mi ned vol une and toget her prq9/¢gng an output indication of the
| ocation of objects wthin the predetermned volune in at |east two
di mensi ons and wherein said control apparatus is responsive to said out put
indication for preventing operation i

of said machi nery when the presence of
a user and clothing and accouternents thereof at predeterm ned | ocations

within the predetermned vol une coul d cause i njurious engagenent .
Safety apparatus according to any of

13.
+he—p+re-—ceding clains 7 - 12 and
wherein said control apparatus is opefative to Qe non responsive to
predeterm ned re- 102\
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gions within an outer boundary of said predetermnined volune. corresponding
to predeterm ned tine domains. 14. Saf ety apparatus for
preventing injurious engagenent of machinery with a user and clothing and
accouternments thereof wthin a predetermned volume conprising:

at | east two sensors view ng the predeterm ned vol une and toget her

provi di ng an wagnes20 ndi cati on of the | ocation of objects v»i'%ﬂi"ﬁ"ﬁ’?‘?é‘z

pr edet erm ned volune in at | east two di nmensions; control apparatus
responsi ve to sai d out put 1\@7137/ 17520
PCT/ 1 L96/ 00142 23

100,104

FIG. 6C
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i ndi cation for preventing operation of said machinery when the presence of
a user and clothing and accouter- nents thereof at predeterm ned |ocations

within the predeterni ned volunme coul d cause injurious engagenent. 15.
Safety apparatus according.to claim 14 and wherein said at |east two
sensors conprise at |least two ultrasonic transducers. 16. Saf ety

appar at us accovapmyszoo cl aim 14 or claim 15 and wherein sai d PESMEI6EP142
appar atus excl udes predeter- mned three-di nensional regions fromsaid
predet ermi ned vol une corresponding to predeterm ned conbi nati ons of
different tinme dommins of said at |eddi/18wo sensors. 17. An

automati c door operating systemfor a vehi- cle conprising an
automatically operabl e door, a sensor for sensing the presence of an object

within a predeter- mned yalune |ocated at t door of the vehicle and -
above steps |leading to thg doof of the vehicte fromthe outside ther eofg
and a door controller operat@a at | east pari tfal g |(r] resgonge-tojan
output fromthe sensor to . ate the auto Gy gperan! @@or. é
. A . . o — >
Appar atus according to @ 4l _and wherein thgl &2 S .=
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sensor is an ultrasonic sensor. 19. Appar atus according to claim 17
or claim18 and wherein said sensor is insensitive to inputs received from
out side the predeterm ned vol une. 20. A vehicle having a chassis, a
body and propul- sion apparatus, the body including-at |east one autonat-
i c door operating system conprising an automatically operable door, a

sensor for seqwdfrile presence of an object within a predet BeHLAEIR| une

| ocated at the door WO 97/ 17520
PCT/1L96/ 00142 15/19 24
[ TRANGMIT BURST | FIG. 8
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of the vehicle and above steps leading to the door of the vehicle fromthe

outside thereof, and a door control- ler operative at |east partially in
response to an output fromthe sensor to actuate the autonmatically operable
door . 21. Appar atus according to claim20 and wherein the sensor is
an ultrasoni c sensor. 22. Apparatus according to claim20 or claim
21 and wher ei wossids2eensor is insensitive to inputs recei vedPEFUAOUEZI de
the predeterm ned vol une. 23. An automatic door operating system
conprising an automatically operable ﬂ)?qg, a single sensor for sensing the
presence of an object within a plurali¥y-of disco od at
the door, anfd a door controller operatilve at|least partially || n respdnge to
an output frpmthe sensor to actuate the autpmatically opegabl e door. 24.
An el evator| hawrlg a@fap arranged forl @mt{on along a traver path gnd
conpri sing ah audfq £ Hoor operating %/5 em i ncluding an o
automatically opgr g_e > fu 3 enstrg—an—att-orret cagy
oper.abl e == a O o
"‘——I = &
S o= > =
o 4 £5 S
a O
|22 8 = A o
A53 - S
< | == =
RSB
S o
™~
\
oz >
S E
=3 U i
=fa] S5 B S
o (2’4 (2
S S S
o = < =
o =t
(=] = =2, g - % ~r %
b &= S -l a || a
5| 2 A4 U3|°(3|73
8 o ¥ L O \\ 8 Uo
=
= [ [ § ;
8
8 S
N 3
Y ] =3
© =2
8 o
>
22
go
F- . .
o, a a
= = =
J 3
Y 5’ 5
3 S
© ‘ w
\ & o \ °.2
m +. [n " L (g \n. o N’ .l. [a h 18
Ld o Lt o L o=
. IE S = = = S
HENE 2 M8 Aul=
— = 5 S P8 i
La. g = 2 g s e 2 g =)
S




door, a single sensor for sensing the presence of an object within a
plurality of disconnected volunes |ocated at the door, and a door
controller operative at least partially in response to an output fromthe
sensor to actuate the autonatically operabl e door. 25. A vehicle
having a chassis, a body and propul- sion apparatus, the body including an
aut omati ¢ doowoograrsi ng system i ncl udi ng an automatical |y offeVi8¢@01#oor, a
sensor for sensing an automatically operable door, a single sensor for
sensing the presence of an 97/ 17520

PCT/ | L96/ 00142 7 25
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object within a plurality of disconnected volunmes |ocated at the door,
a door controller operative at |least partially in response to an out put

fromthe sensor to actuate the automatically operabl e door. 26.
vehicle including a chassis. a drive train, at |east one door and door
control apparatus conpri sing: at | east one sensor view ng at
| east one regmmewrisdhe vicinity of a door; | ogi ¢ BEFHE6/HA142

responsive to said at |east one sensor for providing at

cl ear output signal;

appara- tus responsive at

| east one region
autonathg/ﬂpor openi ng and door cl osing
| east to the dbsence of a region clear output

signal to cause opening of said door and respon- sive at |east to the
presence of a region clear output signal to cause closing of said door.
27. A vehicle according to claim?26 and wherein said automatic
door openi ng and door cl osing apparatus IS respon5|ve at least to the

absence of a region clear out

respon- sive at least to the Qgg?éaﬁgggfﬁ l#) cl ear out put
signal to cause closing of said d

claim 26 and wher er—n—sa-t-d—a:ut-mmh-c_dnn:—'eq;m:nfg'—'an‘d'ddor‘C‘I'O'STrTg‘appar at us

i's

vehlcle according to
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responsi ve at |east to the absence of a first region clear output signal in
respect of a first region to cause openi ng of said door and responsive at

| east to the presence of a second region clear output signal, differ- ent
fromthe first region clear output signal, in respect of a second region
different fromsaid first region, to cause closing of said door. 29.

A vehicle awmemi7sy to claim28 and wherein W\BCOTLI6/PGIAD)

- PCT/1L96/ 00142 26 said first and second

regions are nutually overl appi ng. 19/19
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. ¥NO cover LETTER
30. A vehicl e accor ing to claim28 and wherein said first and second

regions are nutually excl usive. 31. ~ A vehicle accordin
and wherein said first and second regions are partially nutua

pi.ng.
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(54) Tile: DOOR CONTROL APPARATUS
{57) Abstract

A door control apparatus for vehicles includes at least
one sensor (60, 62, 64) viewing at least one region (22) in the
vicinity of a door (18), logic circuitry responsive to said at
Ieast one sensor (60, 62, 64) for providing at least one region-
clear output signal, and automatic door opening and closing
apparatus (24) responsive at least to the absence of said at
least one region-clear output signal to cause opening of said
door (18) and responsive at least to the presence of said at least
one region-clear signal to cause closing of said door (18).




