|  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 autonmatic door. BACKGROUND
OF THE I NVENTI ON Switches for detecting entry/exit
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automatic door. The tactile press switches are often

mount 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
FIELBsQF JHE NMVENTKN Yy 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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aﬁ?\%,lnlagcdeg),ess switch mounted on the outside surface
door in particular is nore prone to vandalism

As conventional design requires tactile press swtches

t \des of the automatic door,
Bé‘ﬁ‘é@a@ﬁﬁﬁﬁr@ﬁ%%@ﬁ are typically battery
povvered and are configured with an RF wi rel ess
tter housed within housing of each tactile
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requesting to 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 swiiches 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



to be reduced to fit within the gap between the noving
and fixed panel. Attenpts have been nmade to reduce the
mechani cal profile of RF tactile press swtches, for
exanpl e by using snaller batteries. However, snaller
batteries results in shorter |life of the swtch and
requi res frequent replacenept which is inconvenient.
Anot her tactile press switch may have an infrared
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other materials such as glass, unlike RF based

tactile press switches. Siml ar| y, wWith such infrared
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door fromwhich side the sensor is nounted. There is a
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receiver. Additionally, the door must be transparent with such infrared based

tactile press switches.

There is a need for a motion sensor switch that addresses or alleviates the
problems associated with the conventional tactile press switches. There is a
- need for a motion sensor switch that is mounted on a single surface of a door
panel and configurable to detect entry/exit requests from the other side of the
door from which side the sensor is mounted. There is a need to provide a motion

sensor switch that is cost and energy efficient.



3 SUMVARY An enbodi ment of the invention provides a
capacitive sensor switch for installation on a
surface of a panel of electric field penetratable
material, the sensor switch conprising an el ectrode
and a return ground arranged to project an electric
field through an electric field penetratable materi al,
and for indicating a respohse to a disturbance in the

' ed electric field in accordance to a
nggrm ned threshold. In an enbodi nent the _
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The sensor switch may further conprise a transm ssion
nodul e for transmtting the response, and nay be
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dijogtrie Rrapeytigs.r theessenseoapit¢hs@ay furkitrriconyiiae adransmisgien
e £ AT o SSRUNE, SRR, BB Bighof i
trapbmissiane Theesahsos syitd) may de fot indmaghg bhentlesit request to
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entl/fegit FelRst RGPdnP@oseak hutortdticyviAiow. The sensor switch may
indicate an entry/exit request to open/close an automatic gate. The sensor
switch may comprise a power supply, such as a battery or AC mains. The
electrode may comprise a plurality of electrodes, wherein the plurality of
electrodes may form an array of electrodes. The sensor switch may further
comprise an additional electrode and an additional ground return for projecting
an additional electric field, wherein the additional electric field is projected
through the electric field penetratable material and/or away from the electric field
_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,



el ectrodes that may forman array of electrodes. A
response may be indicated if a predeterm ned nunber
of the electrodes, for exanple nore than half of the
el ectrodes, in the plurality detect a disturbance
above a predetermi ned threshold. The material of the
el ectrode nmay any conductive material such as copper,
silver, 4 gold, alumnum ﬁlloys thereof, or the
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figgpodi ments of the invention may be fully and nore
clearly wunderstood by way of non-limtative exanple
fromthe foll owi ng description taken in conjunction
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regions and portions, and in which: glass or simlar,

tr%{;gpar ent or opaque. FIG 1 .is a schenmatic diagram
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ot her side of the door panel; FIG 3 is a schematic

diagramillustrating an enbodi ment of the invention
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schematic diagramillustrating an enbodi nent of the

L.nyention where. a sensor switch is. noupt Qn a .
FIGT o & St Gackd i siunt sherabsdrer of helfvéhtion where
a sensor switch is mounied 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;



entry/exit requests made from both sides of the door
panel having electrode configurations to project
different electric fields fromeach side of the door
panel; 5 FIG 5 is a schematic diagramillustrating
an array of electrodes in accordance wth an

enbodi nent of the invention_, FIG 6A-C are schematic
di agranms illustrating an emBodi ment of the invention
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DETAI LED DESCRI PTI ON An enbodi nent of the invention is

shown in FIG 1 which illustrates a sensor switch 10
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and detects entry/e reques m bot h si
mofnted eorde atoop @kl inThecasdarsosr withi src Bmbaimeni |of les invention;
ancoapacitive sensi ng based on single electrode 14 design

I'n this enbodinment. The sensor switch 10 conprises a

housi ng 12 whi ch houses the necessary printed circuit

oard_ 26, conponents 18 such as battery or. regul ator
F'?ﬁg, - AFakliopK Gcuidiagragscior embediments ohihe inrerdanor

wireless circuitry 118, as shown with reference to

FIG 7A. The printed circuit board may be forned with
Dﬁﬁ&'%BEmR}ETmerial such as copper or other

conductive material such as silver, gold, alum num

alloys or the Iike. The sensor switch 10 is nounted on
Ari embodinat ofobe idlentiontib showiralnl EiGudhediste illustigtes a sensor

rinted circuit board 26, be | exi bl e or rigid.
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conponents 18, shown in nore detail in circuit bl ock )
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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



obj ect such as a hand approaches sensor switch 10, the
object disturbs the electric field 22,24. The
capacitive sensing circuitry 112 conpares the rate and
6 |evel of disturbance, to a pre-determ ned

t hreshol d, as shown as reference capacitance 114 in
FIG 7A. An output 120 trangm ssion via conponents
wired or wireless circuitry 118 as shown as signal 98
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able to house the prlnted
han or object on the opposite side of the glass door 20. It will be appreciated
that the electric field penetratable material may take a variety of forms such as a
panel, pane, sheet or the like, and may be part of a door, window, gate and the

like.

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



circuit board 26 and conponents 18. The electric field
22 is denser than electric field 24. The threshold may
be set to activate in response to detection of any
si zed obj ect such as hand or other object bl ocking
the path of electric field 22. Electric field 24 being
| ess dense, is 7 relativel¥ difficult to create a
di st urbance hi gher than the pre-determ ned threshold.
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a distance from the electrode 14 to ensure the desired electric field 22,24 to be
projected. This arrangement and distance between the electrode and the return
ground 16 allows for the desired projection of electric field. In this embodiment
the electric field is projected to both sides of the printed circuit board 26. In an
“embodiment the electrode and retum ground and the distances between are
chosen based on the size of the intended object to detect and/or the size of the
objects that may cause a false detection such as a hand or larger than the size of
the gap fillers to prevent false detection. The return ground 16, may be laid
~ beneath the electrode 14 and may stretch for the whole length of the printed
gircuit board 26. This allows projection of electric field to only through the glass
door 20,



the electric field is projected to both sides of the
printed circuit board 26. In an enbodi nent the

el ectrode and return ground and the di stances between
are chosen based on the size of the intended object
to detect and/or the size of the objects that may
cause a fal se detection such as a hand or | arger than
the size of the gap filler§ to prevent false
detection. The return ground 16, may be laid beneath
the el ectrode 14 and may stretch for the whole | ength

TRE sefi8orP bpBafsh v\ﬁﬂhr Quélh?lgo%rrge %fea Tenéétrd@el 9H§ return ground,

projection of electric to only through the glass
fotived fran the prinded aircuit hgaed.al bis ownﬂgusatwnnlgl eodtaangk energy

o580, T8RS RS S B POl ome

semerggyTheef‘rfajc@rltye m}; tf;eﬁélécirifcrf{étl]@ 258? mtpmg m%!?melgrdénse small
r a eat a 0 e detection an e

argh 3% 8&'?(5@? o @ SBIUFR graund| 1§ z@etpgt?qrb'éaﬁwg depéndant

orf ﬁﬂhéiHeV Ql Hatﬁ?ﬁﬁ@tgé&ﬁ's'plaéﬁd:ﬁ fheqsath f 15l 8ehLMalt bréL) and

the return groun tection 1s nore dependant on
le&méﬁn@"rda@t ipaniectieleplriscel the prraedciothingashpeas ler dipor. hén an
53555 bt Bl B FRTR YA Bl W dogp g frs
1(mrsuobrﬁmdbmeg$keihebmishe$ rduthe fiande, et ihe likg.oThid dllsws for the

th door ers . 104 such as or .
Bl AR B PR ) SRt el 8% fngers
foad fulyds 201 theeliket NTRBhGr gliftltioA e8GRl dBRcHEH WHh the
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pr oxi mty Enbodi nents of the invention relate to
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example sliding, rotating, swinging doors and the like. Embodiments are directed
- to an entry/exit request sensor 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.



applied to a nunber of different configurations of
doors, w ndows, gates, etc., for exanple sliding,
rotating, swinging doors and the |ike. Enbodi nents are
directed to an entry/exit request sensor switch which
enpl oys capacitive sensing for the detection of an
obj ect such as a hand, a pahmor an object that is
simlar having simlar dielectric properties.
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in intensity, affected by the dielectric properties of the material that it is passing
through. When an object approaches the sensor, the electric field may be
disturbed. The level and rate of the disturbance may be compared with a pre-

determined threshold to determine detection.

In an embodiment, the entry/exit request switch may comprise a press switch or
button 52 as shown in FIG. 2. In other embodiments multiple switches may be
provided. The sensor switch 50 of FIG. 2 operates in a manner similar to sensor
- switch 10 of FIG. 1, in the detection of a hand or object through the glass door.



el ectrode, both through the glass door, or any
non-conductive material with simlar dielectric
properties or electric field penetratable naterial,
and through the housing that enbodi es the sensor,
returning to the return ground of the electrode. The
projected electric field may extend in increasing arcs
and reduce in intensity, affected by the dielectric
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threshold. The sensor switch 50 comprises the housing 12 which houses the
necessary printed circuit board 26 and components 18 as shown in circuit block
diagram 130 of FIG. 7B. The components 18 may include battery or regulator
116, capacitive sensing circuitry 112 and wired or wireless circuitry 118. The
circuitry 130 may additionally comprise push button 134, decision entry/exit 132,
front/rear/front and rear selection 136 modules to provide output 138 from the

‘wire/wireless circuitry 118 to the automatic door mechanism.

FIG. 3 illustrates a schematic diagram of sensor switch 60 of an embodiment.

The entry/exit request sensor switch 60 utilizes a multiple electrode 14(n)



capacitive sensing circuitry senses the level of the
electric field. Wien a hand or object approaches, the
electric field 22,24 is disturbed. The conponents 18
of the capacitive sensing circuitry conpare the rate
and | evel of disturbance, to a pre-determ ned
threshold. A transm ssion, yja wired or wreless
conmponents 18, nay be sent to the door operator
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A sensor switch 70 in accordance with an embodiment is shown in FIG. 4 is
‘similar to sensor switch 60 shown in FIG. 3. Sensor switch 70, although how
- each embodiment utilizes capacitive sensing in the detection of a hand or object
~through the glass door, is slightly different. Sensor switch 70 comprises two
'_array of electrodes 14(n), 74(n). Electrodes 14(n) are arranged with return
ground 16 to project an electric field 62 through the glass panel as discussed
with respect to FIG. 3. Electrodes 74(n) are arranged with return ground 78 to
- project an electric field 72 away from the glass panel 20. The components 18 of



60 conprises the housing 12 which houses the necessary
printed circuit board 26, conponents 18 as shown in

circuit block diagram 140 of FIG 7C, such as battery
or regulator 116, capacitive sensing circuitry 112 and
wired or wreless circuitry 118, as shown in FIG 7C

The circuitry 140 may additjpnally conmprise input
detection data from N and Q nhunbers 142 of el ectrodes
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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
~layer. 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 efectric 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.



approaches sensor switch 70, the object may disturb
either of the electric fields 62,72. The conponents
18, capacitive sensing circuitry, may conpare the rate
and | evel of disturbance, to a pre-determn ned
threshold. A transm ssion of output 144, via
conponents 18 wired or wirelgss, is sent to the door
operator for activation of the door, should the rate
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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. |f 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 to the sensor switch 10.

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



sensor switch 50 with reference to FIG 2. The housing
12 may be of any non-conductive material, and need not
to be of any particular dinmension or shape but
sufficient to be available to house the printed
circuit board 26 and conponents 18. FIG 5 shows an
array 90 of el ectrodes 94( nf4that may be N nunber of
el ectrodes by Q nunber of electrodes. In FIG 5 the
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el ectrodes. This configuration ensures that the sensor
swtch is less prone to false detection due to the
close proximty to the door gasket, brushes, door
frame, or the like. It will be appreciated that a
single notion sensor switch that may service the
entry/exit request from botky sides of the glass door
such that a tactile press sw tch would not be
CLAIMBred to be nounted on one side of the door pane
such as the outside, reducing the vulnerability to
vandal i sm Mbreover, it is nore convenient to i nstal
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invention. 15 CLAIMS: 1. A capacitive sensor switch
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pr oj ected electric field in accordance to a
pr edet ermi ned t hreshol d.
4. The sensor switch of any one of claims 1 to 3 further comprising a

housing for housing the electrode and the return ground.

5. The sensor switch of claim 4 wherein the housing is fixed to the electric
field penetratable material panel by an adhesive or mechanical
mounting.

6. The sensor switch according to any one of the preceding claims

wherein the electric field penetratable material of the panel is glass.

7. 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



2. The sensor switch as clainmed in claim1 wherein the
el ectrode and the return ground and the predeterm ned
threshold are arranged to detect and indicate a
response to a hand of a person or other intended
target. 3. The sensor switch of claim1l or 2 wherein
the el ectrode and the returyg ground and the
predeterm ned threshold are arranged to reduce the
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smal | er di nension than a hand of a person or other

i nt endyeshald et thegeferencecapesitive gireuitly.of any one of
claims 1 to 3 further conprising a housing for
housi ng the el ectrode and the return ground. 5. The
s@nsor Thesensor siviich acoordingtte raay onefof theoclainmgfurttief | xed
to the electric, field. penetratable material panel by
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swi tch according to any one of the preceding clains
wherein the electric field penetratable material of
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capacitive circuitry for indicating a response to a
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a transm ssion nodule for transmtting the response.
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the sensor switch is for indicating an entry/exit
request to open/close an autonmatic door. 11. The

sthsorTresdansbr switeH aff claim Magiesdin tHdsersenswitcts i fbEiMdicating
for indi ce%tin)g .
: an entry/exit request to open/close an automatic gate.

1_3. 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

electrode comprises a plurality of electrodes.

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



an entry/exit request to open/close an automatic

w ndow. 12. The sensor switch of claim7 wherein the
sensor switch is for indicating an entry/exit request
to open/close an automatic gate. 13. The sensor switch
of any one of the preceding clains further conprising
a power supply. 14. The sengpor switch of claim1l
wherein the power supply is a battery. 15. The sensor
swigt ch e ' ' - '
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separate the resulting electric fields projected from
the respective el ectrode and additional electrode. 20.
TRBe. sehbosersor seftclobf clhim 18 hdhendinties addibenaidilictricoad is

electric.fie i S rojected throu he electric
field B’&W&E‘?‘Ja‘?‘a%lg@ the Alecig f?e‘%i??”%‘ﬂ%aé'eﬁ%tﬁ@w tch of
claim18 wherein the additional electric field is
ﬁé?jected away fromthe electric field penetratable

eri ope sensor sick ahddaim idmherein thaoadditienal sleghis figldis
of cl aj ' it I trode
corpr Rk ey thotIRe Bledic el BERtty BEmabis, O
switch according to claim22 wherein the plurality of

oL e By Sl ST S BB o B RS

Ci r cuiddditional electrode comprises a plurality of electrodes.

23.  The sensor switch according to claim 22 wherein the plurality of
electrodes form an array of electrodes.

24,  The sensor switch according to claim 22 or 23 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.

 25.  The sensor switch of claim 24 wherein the additional electrode and the
' 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 intended target.



conprises capacitive sensing circuitry and reference
capacitive circuitry for each the plurality of

el ectrodes for indicating a response to a disturbance
in the projected electric field in accordance with a
predeterm ned threshold of the reference capacitive
circuitry. 25. The sensor sygtch of claim24 wherein
the additional electrode and the return ground and
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the likelihood of false detection of objects having

smal | efs Bfiatesiionora than halfiedihe efectodssris die gfuraintwéetect a
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of clains response is indicated
if nore than half of the electrodes in the plurallty

detect di st urbance above redet er

* R andita sehsir SuiEn EaBopne of terreding CBieS Bheraip the
pr ecediragertdl af e adbRioRchs bbﬁ)err@ﬂv@f" Id, dlurhif@m, or alfoys
el ectrode i s copper, silver, gold, um num or al | oys

t her eofere®. The sensor switch of any one of the
precedi ng clainms where the electrode is forned on a
printed circuit board. 29. The sensor switch of any
oR8. of Th&gemsoe swiicngf ahnoms oftherpeecedimpclamhewhemdbei s
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preceding clains further conprising a switch for

det ectjng the di sturpance of the electric field.
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a sensor swtch according to any one of clains 1
mounted on the panel; and a controller responsive to

a3(§| gnﬁe gér&'& %&ﬁc%@n%ée%f‘ tﬁg pfré)ée nognttzlgf?ns fuﬁﬂer

comprising a switch for detecting the disturbance of the electric field.

-31. A system for detecting a request to move a panel, the system
comprising:
a mechanism for moving the panel;
a sensor switch according to any one of claims 1 to 30 mounted on the
panel; and
a controller responsive to a signal from the sensor switch for controlling
the mechanism for moving the panel.

32. 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



t he mechani sm for noving the panel. 32. A nethod for
detecting a request for entry/exit of an automatic
door, conprising: arranging an electrode and a return
ground to forma capacitive sensor switch to project
an electric field through a panel of electric field
penetratable material; sensighg a di sturbance of the
electric field; and 19 indicating a signal upon
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detern1ned the projection of the electric

t he ﬁ&erram%w the praiecine ofibe elestricdield by the

gr ounOlr::lrramgezment of the electrode and the return ground.



