1 CAPACI TI VE MOTI ON SENSCR SW TCH FOR DETECTI NG
ENTRY/ EXI T REQUESTS ON AN AUTOVATI C DOOR PANEL FI ELD
OF THE I NVENTION This invention relates to a notion
sensor switch, and nore particularly to capacitive
noti on sensor swtch for exanple for detecting
entry/exit requests on an alutormti c door. BACKGROUND
OF THE I NVENTI ON Switches for detecting entry/exit
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automatic door. The tactile press switches are often
nmount ed near the center of the door opening for

conveni ence of the user requesting to open the door.
However, in such conventional sw tches, each tactile
FigkD OF THEINYNENTIONI y capable to detect notion for
entry/exit requests on the side of the door that the
tactile press switch is nounted. For this reason at
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be mounted on an each outsi de d ipsjde surface of
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anaRedmatR @SS switch nounted on the outside surface of
the door in particular is nore prone to vandalism

BACKGROUND OF THE INVENTION

Switches for detecting entry/exit requests are commonly arranged on automatic
doors. Such switches include tactile press switches that are typically mounted on
moving door panels of the automatic door. The tactile press switches are often
mounted near the center of the door opening for convenience of the user
requesting fo open the door. However, in such conventional switches, each
tactile press switch is only capable to detect motion for entry/exit requests on the
side of the door that the tactile press switch is mounted. For this reason at least
one tactile press switch is usually required to be mounted on an each outside
and inside surface of the door. With such conventional configurations, the tactile
press switch mounted on the outside surface of the door in particular is more

prone to vandalism.

As conventional design requires tactile press switches to be mounted on both
sides of the automatic door, the tactile press switches are typically battery
powered and are configured with an RF wireless transmitter housed within
housing of each tactile press switch. However, there are many doors such RF
based tactile press switches that are not suitable because the doors have a

relatively small gap between a moving door panel and a fixed door panel. For



As conventional design requires tactile press swtches
to be nounted on both sides of the automatic door, the
tactile press switches are typically battery powered
and are configured with an RF wireless transmtter
housed wi t hi n housi ng of each tactile press swtch.
However, there are many dogrs such RF based tactile
press switches that are not suitable because the doors
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3 SUMVARY An enbodi nment of the invention provides a

capacitive sensor switch for installation on a surface

of a panel of electric field penetratable materi al,

the sensor switch conprising an el ectrode and a return

ground arranged to project an electric field through

an electric field penetrataple material, and for

i ndicating a response to a disturbance in the

' ed electric field in accordance to a
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penetratable material. The additional electrode comprises a plurality of

electrodes that may form an array of electrodes. A response may be indicated if
a predetermined number of the electrodes, for example more than half of the
electrodes, in the plurality detect a disturbance above a predetermined threshold.

The material of the electrode may any conductive material such as copper, silver,



BRI EF DESCRI PTI ON OF THE DRAW NGS | n order that

enbodi nents of the invention may be fully and nore
clearly understood by way of non-limtative exanple
fromthe foll ow ng description taken in conjunction
with the acconpanying draw ngs in which |ike reference
nuneral s designate simlar pr corresponding el ements,
regl ons and portions, and in which: glass or simlar,
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fieldl | ustrati ng an enbodi nent of the |nvent| on where a
sensor switch is nounted on a single side of a door
panel and detects entry/exit requests made fromthe

Br\gEP%Eﬁﬂﬁ’ﬁbNtbﬁﬂﬂ?b sFIG 3 is a schematic

lagram il lustrating an enbo |rrent of the invention
where a sensor svvitch is mounted on a single side of a

G888y BRSSP, B B Beary

un@emtdoduielap 65nblﬁlh@it.h\%?éxaihf)rba’f(ﬁﬁ&h@fcﬁchﬁngidésmbﬂ@»n taken
fram each side of the door panel; FIG

I'S
in eMRRioncvit 6 365PMPPEYINGA PGS 0 il FeSrsmce umerals
debiBHERISAlar M Hofre8o RN EIPHS TobBnE BRA'IRAIGHS, Bnd i dhien:

panel ects entry/exit requests
glm@esmmtammmasarm@sopaqmme door panel having
el ectrode configurations to project different electric
fields fromeach side of the door panel;
FIG. 1 is a schematic diagram illustrating an embodiment of the invention where

a sensor switch is mounted on a single side of a door panel and detects

entry/exit requests made from both sides of the door panel;

FIG. 2 is a schematic diagram illustrating an embodiment of the invention where
a sensor switch is mounted on a single side of a door panel and detects
entry/exit requests made from the other side of the door panel;

FIG. 3 is a schematic diagram illustrating an embodiment of the invention where
a sensor switch is mounted on a single side of a door panel and detects
entry/exit requests made from both sides of the door panel having electrode

configurations to project different electric fields from each side of the door panel;

FIG. 4 is a schematic diagram illustrating an embodiment of the invention where
a sensor switch is mounted on a single side of a door panel and detects
entry/exit requests made from both sides of the door panel having electrode

configurations to project different electric fields from each side of the door panel;



5 FIG 5is a schematic diagramillustrating an array
of electrodes in accordance wth an enbodi nent of the
invention; FIG 6A-C are schematic di agrams
illustrating an enbodi nrent of the invention nounted on
a door panel in accordance with an enbodi nent of the
invention; and FIG 7A-C arg block circuit diagrans
for enbodi nents of the invention. DETAI LED DESCRI PTI ON
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witb rancensbatdisinentofdbe driveatidmor panel 20 and detects
entry/exit requests nade from both sides of the door
panel . The sensor switch 10 utilizes capacitive
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enbodi nent. The sensor switch 10 conprises a housing
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and6, conponents 18 such as battery or regul ator 116,
capacitive sensing circuitry 112 and wired or wreless
circuitry 118, as shown with reference to FIG 7A The
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material such as silver, gold, alumnum alloys or the
switch 10 is mounted on the gl ass

ILi ke.
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board 26 may be flexible or rigid. The printed circuit
board 26 may be nounted in any position suitable
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116] EaMditVe $d%iN®TRRLES 118 4 RirBBY%r wireless circuitry 118, as
shown with reference to FIG. 7A. The printed circuit board may be formed with
any conductive material such as copper or other conductive material such as
silver, gold, aluminum, alloys or the like. The sensor switch 10 is mounted on the
glass door 20, with suitable adhesive. The printed circuit board 26 may be
flexible or rigid. The printed circuit board 26 may be mounted in any position

suitable within the housing 12.

The components 18, shown in more detail in circuit block diagram 110 of FIG.
7A, capacitive sensing circuitry 112 drives the electrode 14 to project an electric
field 22,24 or electromagnetic field, which arcs to the return ground 16. The
capacitive sensing circuitry 112 senses the level of the electric field. When an
object such as a hand approaches sensor switch 10, the object disturbs the

electric field 22,24. The capacitive sensing circuitry 112 compares the rate and



6 |l evel of disturbance, to a pre-determ ned threshold,
as shown as reference capacitance 114 in FIG 7A An
out put 120 transmi ssion via conponents wired or
wireless circuitry 118 as shown as signal 98 is sent
to the door operator or nechanism 108, as shown in
FIG 6A-6C for activation the door, should the rate
and | evel of disturbance be higher than the
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The housing 12 may be of any non-conductive material, and need not to be of
any particular dimension or shape but sufficient to be able to house the printed

circuit board 26 and components 18.

The electric field 22 is denser than electric field 24. The threshold may be set to
activate in response to detection of any sized object such as hand or other object

blocking the path of electric field 22. Electric field 24 being less dense, is



7 relatively difficult to create a disturbance higher
than the pre-determ ned threshold. By changing the
t hreshol d, the sensing di stance nay be adj usted.
Simlarly, having the electrode and return ground of
the size of the desired object to be detected such as
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return ground is wider than nost door gap fillers 104
such as door gaskets, brushes, door franme, and the
like. This allows for the threshold for detection to
be set for w der objects such as a hand, three
fingers, four fingers and the like. This configuration
reduces fal se detection when the sensor, nounted on
t he novi ng door panel, passes door gaskets, brushes or
frame at close proximty. Enbodi ments of the invention
relate to entry/exit request notion sensor swtches



9 FIG 1 shows a single electrode 14 enbodi nent for
detecting a hand or object on both sides of the gl ass
door. Although other nethods of utilizing capacitive
sensor for detection through the glass door are
contenplated in other enbodinents, it wll be
appreci ated by those skillegd in the art that nmultiple
el ectrodes or single electrode, with or without a
swtch, tactile press or others, may al so be
i mpl emented to provide a switch, which may service
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may extend jn |ncreaS|ng arcs and reduce in
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to gﬂ@n@y]@gg rageest sepgor switch which employs capacitive sensing for the
detection of an object such as a hand, a palm or an object that is similar having
similar dielectric properties. However, it will be appreciated that the sensor
switch 10 may be arranged and configured to detect any desired object or
objects smaller or bigger in size. Upon detection, the sensor may send an output
120 via wired or wireless transmission to the door operator for activation of the

door.



The switch or button 52 may be a tactile press,
menbrane press switch, or the like, to service
requests on the side of the door the switch is
nmounted. Switch or button 52 may be conprised of

mul tiple switches. O her conductive objects, multiple
el ectrodes, el ectrode of dighferent size, or the like
may replace the single large el ectrode 14 shown forned
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with the other electric field projecting fromthe
ot her respective el ectrodes. The sensor switch 60
conpri ses the housing 12 which houses the necessary
printed circuit board 26, conmponents 18 as shown in
circuit block diagram 140 of FIG 7C, such as battery
or regulator 116, capacitive sensing circuitry 112 and
wired or wireless circuitry 118, as shown in FIG 7C
The circuitry 140 may additionally conprise input
detection data from N and Q nunbers 142 of el ectrodes



12 the circuitry 140 shown in FIG 7C required are

simlar to that required in the enbodi nent shown in

FIG 3, and includes additional inputs received from

detection of disturbed electric fields by the

addi ti onal electrodes 74(n). Capacitive sensing

circuitry drives the multiphe el ectrodes
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FIG 5 shows an array 90 of el ectrodes 94(n) that may
be N-nunber of el ectrodes by Q nunber of el ectrodes.
In FIG 5 the NxQ array of electrodes is a 6x6 array.
The array may be any nunber of el ectrodes, and the

el ectrodes nmay be any shape or form such as square,
random round or the |ike. 4Arrangenent of the array
may be in any formation. The return ground plate 96 is
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15 CLAIMS: 1. A capacitive sensor switch for
installation on a surface of a panel of electric field
penetratable nmaterial, the sensor switch conprising: a
first electrode and a second el ectrode, and a first
return ground and a second return ground arranged to
project an electric field tarough an electric field
penetratable material, and circuitry for indicating a

ther Eﬁ&ﬂW%boslﬁmm it FI@aﬁeerehB:ré@%r@fsﬂh%‘ftt@dtha{ ?é‘ddﬂe@ in the
I n accordance to a predeterm ned threshol whe

errdvpdlr@%rﬁt shyven dn ftike 3i msd inalyden caddiionad I@wtéétﬁeéaégd from
defiEHEE! 8 iyl DABGAC RAE. hOC RS CERIFGTE NERlotrodes 74(n).

e sensor al ned
Capheitiese sehding fcircsrtryadrﬂvaethendulﬁblac&ledd&janmm hen),74(4t..n) to

o 88 SR LA, M i b S .
reép%%ﬁ\ﬂé?? eTHcEMPEEhO SachRICRRE hsPighfrcuititsendeslthe level of

targ 3. The sensor switch of claim1 of 2 wherein
the ﬂ@cﬂrnprf@!d 767 3 sespretively c tWhere apmpjedisueh pga hang or the like

apBoaengs E&ﬁél%r”ivﬂ{cﬂ %ﬁ@%ﬁ nﬁifﬁgﬁf% ’éltﬁ&dofttﬂ[aee?&q il fields

are arrange ore dcet ood fal
62det dbei cmnn[mfnwltg d8; sa;ismavuvegsmsmgabirantryil map soopard dme aate
ancrjJ ?é]v%i 8¥ distuf? i:?ér?c%n {04 ph pre- & errln?ntedntﬂreshof’%ir. 9% ttr'amsmissicnn of output
144, via components 18 wired or wireless, is sent to the door operator for
activation of the door, should the rate and level of disturbance be higher than the
pre-determined threshold. By changing the threshold, the sensing distance may

be adjusted.

As there are multiple electrodes 14(1...n),74(1...n) when a hand or object
approaches, not all the electric field 62,72 may be disturbed sufficiently, i.e. not
all of the multiple electrodes 14(1...n),74(1...n) having detection. By setting a
threshold of the number of detection of the mulliple electrodes
14{1...n),74(1...n), reduces false detection from objects whose width is smaller
than a hand. The glass door 20, may be of any non-conductive material and of a
dielectric similar to glass. Electric field 82 may pass through the glass door 20,
with little loss. Allowing for detection of hand or object on the opposite side of the
glass door 20. The multiple electrodes 14(1...n),74(1...n) are formed from
copper of the printed circuit board, which may be hatched or poured on one
tayer. The return ground 16,76, is laid beneath and surrounding the multiple
electrodes 14(1...n),74(1...n), stretching for the whole length of the printed circuit
board 26. This allows only projection of electric field to through the glass door
20, and not allowing the electric fields 62,72 of the multiple electrodes

14(1...n),74(1...n) from interfering each other.



4. The sensor switch of any one of clains 1 to 3
further conprising a housing for housing the first and
second el ectrode and the first and second return
ground. 5. The sensor switch of claim4 wherein the
housing is fixed to the electric field penetratable
mat eri al panel by an adhesijge or nechani cal nounting.
6. The sensor switch according to any one of the

FoPTRCHGHHBSe &F flultratidie ra@pﬁrétb@ 76l8€ Béﬁvﬁigf ﬁe@hést on the S|de it is
penetratable material of the gane I s glass.
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ject rdc fi n,accordance with a
#ﬁ)ﬁ’% ﬁ%ﬁo lrﬁjle %8%6 £he reference capacitive
circuitry. 16 8. The sensor switch according to any

one of the clains further conprising a transm ssion
Thadwusings 12 mavabe ef eny mnegrndustiye magerial, and need not to be of

any particular dimension or shape but sufficient to be available to house the

printed circuit board 26 and components 18.

FIG. 5 shows an array 90 of electrodes 94(n) that may be N-number of
electrodes by Q-number of electrodes. In FIG. 5 the NxQ array of electrodes is a
6x6 array. The array may be any number of electrodes, and the electrodes may
be any shape or form such as square, random, round or the like. Arrangement of
the array may be in any formation. The return ground plate 96 is arranged with a
space 98(n) between the return ground plate 96 and each electrode 98(n). The
space between the return ground plate 96 and each electrode 98(n) may be any

distance sufficient to produce an electric field.

In an embodiment of the array of electrodes, detection decision is by counting the
number of electrodes triggered and comparing it with a pre-set threshold. For
example the pre-set threshold may be any number, such as half of the number of
electrodes. In FIG. 5 there are 36 electrodes shown. The pre-set threshold in
this embodiment may be for example 18 electrodes. If more than 18 electrodes
detect motion, i.e. the electric fields are disturbed by a certain threshold, the
output is to activate the automatic door mechanism. Having a threshold of
number of electrodes reduces the chance of false detection due to random
objects not intended to trigger a exit/entry request. For example, water droplets
or a gap filler 104 as shown in FIG. 6A-C, such as the door frame, gasket,
brushes, and the like which may be in close proximity fo the sensor switch 10.

The number of electrodes selected to be a threshold is chosen such that it is not



9. The sensor switch of claim8 wherein the

transm ssion nodule is arranged for wrel ess

transm ssion. 10. The sensor switch of claim7 wherein
the sensor switch is for indicating an entry/exit
request to open/close an automatic door. 11. The
sensor switch of claim7 whlgrein the sensor switch is
for indicating an entry/exit request to open/close an

Ilke\i\}#mdtér HoPIOYF gé@ﬂneﬁaﬁgg%emgcmm%%éﬁ B tﬁffesﬁblal dtnrber of

erein the sensof swtchis i ndi cati ng
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falsedstectiowt e to tbrb @d:m prodiinitytte itiee dommquMrue#wppdﬂgon S
a batter%f(e 15. The sensor switch of claim 11l wherein

framge OpBiRd®suppl y is AC mai ns.

It will be appreciated that a single motion sensor switch that may service the
entry/exit request from both sides of the glass door such that a tactile press
switch would not be required to be mounted on one side of the door panel such
as the outside, reducing the vulnerability to vandalism. Moreover, it is more
convenient to install one switch rather than ftwo. Also, there would be
advantages in terms of cost and usage on doors with small gap between the
moving 20 and fixed 102 door panel as shown in FIG. 6A-C.

The present invention may be embodied in other specific forms without departing
from the scope or essential characteristics thereof. The embodiments are,
therefore, to be considered in all aspects as illustrative and not restrictive, the
scope of the invention being indicated by the appended claims and ali changes
which come within the meaning and range of equivalency of the claims are,
therefore, to be embraced therein. While embodiments of the invention have
been described and illustrated, it will be understood by those skilled in the
technology concerned that many variations or modifications in details of design

or construction may be made without departing from the present invention.



16. The sensor switch of any one of the preceding
clainms wherein the first and the second el ectrode
conprises a plurality of el¥®trodes. 17. The sensor of
claim 15 wherein the plurality of electrodes form an
array of electrodes. 18. The sensor swi tch of any of
c‘t‘HM%recedi ng clains further conprising a shield
between the first electrode and the second el ectrode
or between the Iurall&¥iof the el ectrodes to s rate

£ he A E2ARCEVR GoRICE SMRPL I InStaH8ton & B KPS ¢ RATLO! Slectic

resn%&tpéf@traia%@tmat@ﬂﬁl thb%enstieswittAeompRghgch of any of
the precedin ai s wherein the ad(%tlonal electric
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el edc lefd renefratels rgatsrigl; ’e"&‘i @‘60%%@‘9" FisAIIRGR resPepss fo2
fi el fkt@BREd ALA pRjeBRdELEbatic field in accordance to a predetermined

threshold, when at least one of the first and the second elecirodes detects a
disturbance above the predetermined threshold.

The sensor switch as claimed in claim 1 wherein the first and second
electrode and the first and second return ground and the predetermined
threshold are arranged to detect and indicate a response to a hand of a
person or other intended target.

The sensor switch of claim 1 or 2 wherein the first and second electrode and
the first and second return ground and the predetermined threshold are
arranged to reduce the likelihood of false detection of objects having a
smaller dimension than a hand of a person or other infended target.

The sensor switch of any one of claims 1 to 3 further comprising a housing for

housing the first and second electrode and the first and second return ground.

The sensor switch of claim 4 wherein the housing is fixed to the electric field

penetratable material panel by an adhesive or mechanical mounting.

The sensor switch according to any one of the preceding claims wherein the

electric field penetratable material of the panel is glass.

The sensor switch according to any one of the preceding claims wherein the
circuitry comprises capacitive sensing circuitry and reference capacitive
circuitry for indicating a response to a disturbance in the projected electric
field in accordance with a predetermined threshold of the reference capacitive

circuitry.



21. The sensor switch according to any one of clains
19 to 20 wherein the first and the second el ectrode
conprises a plurality of elctrodes. 22. The sensor
switch according to claim21 wherein the plurality of

el ectrodes are forned into an array of electrodes,
8. The Herfehporsiitel Reerreing &e ARy PP ef "B? fladms gyth Q@Wlsmgrﬁ

t he tednsMigsionmERIIPfor SBRshftRahé raspopgdsi ng circuitry
and reference capacitive circuitry for each the

plurality of electrodes for indicating a response to a

9.di stiHehR66r dwitch %ﬁcl@fnPB HeRsIn Heafdrishfissidrehédul® s arranged for
accordance with a predeterm ned threshold of the

r ef SYIEIRSS WERBRISSIAe circuitry. 24. The sensor switch
of claim23 wherein the el ectrodes and the return

grounds and the predeterm ned threshold are arran
G0 rld@reasenwitch PEF'P%&W“@#’Q"F thessenget vdich ghfopindigs %Q:?%

havidgryxit FRjuesl toGpBRIRISE Bintdutimaiched of a person or
ot her intended target. 25. The sensor switch of any

one of clains 19 to 24 wherein the response is

111 ndigRtRAsbT swileh & EBRN 7 WMeleiR the gé‘hs@ﬂ eﬁ'ﬁich RS ifditating an

plurality detect a di sturbance above the predetern ned
t hr eyt remglestiqorepislose aﬁ\ﬂuiwtﬁw'ﬁ‘?ﬁw one of the
preceding claims wherein the material of the electrode
is copper, silver, gold, alumnum or alloys thereof
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circui boar d

13. The sensor switch of any one of the preceding claims further comprising a
power supply.
14, The sensor switch of claim 11 wherein the power supply is a battery.

15.  The sensor switch of claim 11 wherein the power supply is AC mains.

16. The sensor switch of any one of the preceding claims wherein the first and

the second electrode comprises a plurality of electrodes.

17. The sensor of claim 15 wherein the plurality of electrodes form an array of

electrodes.

18. The sensor switch of any of the preceding claims further comprising a shield
between the first electrode and the second electrode or between the plurality
of the electrodes to separate the resulting electric fields projected from the

respective electrodes.

19. The sensor switch of any of the preceding ciaims wherein the additional
electric field is projected through the electric field penetratable material.



28. The sensor switch of any one of the preceding
clainms wherein the electrode is formed fromthe
housi ng which is of a condubtive material. 29. The
sensor switch of any one of the precedi ng clains

further conprisin tch f tect

20 s HPussiog DY REaRY Ghib Precefis diirgs wharery B aditgna
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conprising: 18 a nechanismfor noving the panel; a

sensor switch according to any one of clains 1 to 29
21 untRCePBort $W8tch 28Edrding N any one of claims 19 to 20 wherein the first

and the second electrode comprises a plurality of electrodes.

22. The sensor switch according to claim 21 wherein the plurality of electrodes

are formed into an array of electrodes.

23. The sensor switch according to claim 21 or 22 wherein the circuitry comprises
capacitive sensing circuitry and reference capacitive circuitry for each the
plurality of electrodes for indicating a response to a disturbance in the
projected electric field in accordance with a predetermined threshold of the

reference capacitive circuitry.

24, The sensor switch of claim 23 wherein the electrodes and the return grounds
and the predetermined threshold are arranged to reduce the likelihood of
false detection of objects having a smaller dimension than a hand of a person
or cther intended target.

25. The sensor switch of any one of claims 19 to 24 wherein the response is
indicated if more than half of the electrodes in the plurality detect a

disturbance above the predetermined threshold.

26. The sensor switch of any one of the preceding claims wherein the material of

the electrode is copper, silver, gold, aluminum, or alloys thereof.

27. The sensor switch of any one of the preceding claims where the electrode is

formed on a printed circuit board.

28. The sensor switch of any one of the preceding claims wherein the electrode is

formed from the housing which is of a conductive material.

29. The sensor switch of any one of the preceding claims further comprising a

switch for detecting the disturbance of the electric fieid.

30. A system for detecting a request to move a panel, the system comprising:



31.

a controller responsive to a signal fromthe sensor
swtch for controlling the nmechanismfor noving the
panel . 31.A nethod for deté®ing a request for
entry/exit of an automatic door, conprising: arranging

an el ectrode and a return%l%_round to forma capacitive
senSoPehANSHIF 9y tee PRkl el ectric field through a
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a di sturbance of the electric field; and indicating a

si grf@f upon sensing a di sturbance above a
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of the electric field by the arrangenent of the
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A method for detecting a request for entry/exit of an automatic door,
comprising:

arranging an electrode and a return ground to form a capacitive sensor switch
to project an electric field through a panel of electric field penetratable
material;

sensing a disturbance of the electric field; and

indicating a signal upon sensing a disturbance above a predetermined
threshold determined by the projection of the electric field by the arrangement
of the electrode and the return ground.



