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(54) GLASS REMOVAL SENSOR FOR DETECTING REMOVAL OF A PANE FROM A WINDOW OR 
DOOR

(57) The present disclosure relates to a glass remov-
al sensor for detecting removal of a glass unit having a
glass pane and optionally a glass frame, in a window or
a door, said glass removal sensor comprising: a sensor
assembly comprising a capacitive sensor; a first conduc-
tive area in connection with the capacitive sensor; and a
second conductive area; at least a first conductive ele-
ment connected, directly or indirectly, between the first
conductive area of the sensor assembly, the second con-
ductive area and the glass unit of the window or door
such that when the glass unit is removed from a sash of
the window or door it causes a change of capacitance in
the first conductive relative to the second conductive area
of the sensor assembly, wherein the sensor assembly is
configured to detect the removal of the glass unit from

the sash as the change of capacitance detected by the
capacitive sensor. The disclosure further relates to a win-
dow or door comprising; a sash; a glass unit comprising
a glass pane and optionally a glass frame holding the
glass pane; wherein the glass unit is mounted in the sash;
and a glass removal sensor for detecting removal of the
glass unit from the sash, the glass removal sensor com-
prising: a sensor assembly comprising a capacitive sen-
sor; a first conductive area in connection with the capac-
itive sensor; and a second conductive area; at least a
first conductive element connected, directly or indirectly,
between the first conductive area of the sensor assembly,
the second conductive area of the sensor assembly and
the glass unit of the window.
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Description

[0001] The present disclosure relates to a glass remov-
al sensor for detecting removal of a glass pane, such as
a framed glass pane, in a window or a door. The sensor
may be configured for sensing removal of the glass pane
without breaking the glass.

Background of invention

[0002] A burglar breaking in to a building may gain ac-
cess to the building in various ways. The windows of a
building are naturally a vulnerable area and needs to be
protected by an alarm system such that a beak-in is de-
tected. Alarm systems today may detect if a window is
open or closed and give off an alarm if the window is
opened when it should be closed. This may be achieved
by a sensor at the window. An alarm system may further
be configured for detecting breaking or shattering of a
window in the building. Such detectors work either by
sensing the shock or vibrations from breaking glass or
by detecting specific frequencies characterizing the
sound of breaking glass using a microphone.
[0003] While such sensors do provide good capabili-
ties of detecting a break-in, they do not cover all possible
methods used by burglars. One method not covered by
such systems is the removal of the entire window glass,
either the glass pane or the glass pane with its frame,
without breaking it. In this method, the glass pane, op-
tionally the glass pane and its frame, may be pry opened
and removed from the sash of the window. Since the
window remains closed, the alarm is not set off. Conven-
tional glass break detectors and magnetic sensor for de-
tecting if a window is opened will not detect this type of
break-in.

Summary of invention

[0004] It is an aim of the present disclosure to provide
equipment that prevents burglars from entering a building
by removing only the glass pane, or the glass pane with
frame, from a window or a door without setting off an
alarm of an alarm system. This is provided by the present
disclosure relating to a glass removal sensor for detecting
removal of a glass unit in a window or a door.
[0005] In a first embodiment the glass removal sensor
for detecting removal of a glass unit having a glass pane
and optionally a glass frame, in a window, comprises:

- a sensor assembly comprising a capacitive sensor;
a first conductive area in connection with the capac-
itive sensor; and a second conductive area;

- at least a first conductive element arranged, directly
or indirectly, between the first conductive area of the
sensor assembly, the second conductive area of the
sensor assembly and the glass unit of the window
or door such that when the glass unit is removed
from a sash of the window or door it causes a change

of capacitance in the first conductive area relative to
the second conductive area of the sensor assembly,

wherein the sensor assembly is configured to detect the
removal of the glass unit from the sash as the change of
capacitance detected by the capacitive sensor. Prefera-
bly, the glass removal sensor is a wireless glass removal
sensor in the sense that it is battery-powered and not
using wired electricity.
[0006] The inventors have realized that the sensor as-
sembly, preferably a sensor assembly having a thin
shape, with an additional capacitive sensor arrangement,
can be used to detect the removal of the glass unit from
the sash. The sensor assembly may thereby be config-
ured to detect a change of state of the capacitive sensor
in response to an externally generated change in capac-
itance between the first conductive area and a reference
point of the sensor assembly. The skilled person would
recognize that the capacitive sensor can be implemented
in different embodiments. For example, the sensor may
be configured to sense an externally generated change
in capacitance value between the first conductive area
and a second conductive area. This may be achieved in
several configurations, as will be demonstrated in the
present disclosure. The definitions of the terms ’glass
unit’ (i.e. glass pane with or without glass frame), ’sash’
(i.e. the glass unit and an additional frame, usually the
frame of the movable part of a window, or equivalently
the outer portion of a door), ’jamb’ (head jamb/side jamb/)
and ’sill’ may be useful for the interpretation of the claimed
physical arrangements and functioning of the present
glass removal sensor and window.
[0007] The sensor assembly may be a thin, such as
thinner than 5 mm, and elongated, assembly. The sensor
assembly can be mounted for example on or in the sash
of the window or on a door holding a glass pane, i.e. for
example on the outside of the movable part of a window,
or in the movable part of the door assembly. For example,
the sensor assembly can be mounted on the sash using
an adhesive film. The first conductive area and/or a sec-
ond conductive area of the sensor assembly can then be
connected, directly or indirectly, to the glass unit, which
is a part of the window or door that sometimes can be
replaced and sometimes also removed by introducers to
break into a building. One advantage of the presently
disclosed glass removal sensor is that the glass unit still
can be replaced relatively easily. Only the wire or con-
ductive element that is attached to the glass unit needs
to be re-attached.
[0008] In one embodiment the first conductive element
is arranged between the sensor assembly and the glass
unit. The first conductive element may comprise a first
wire having first and second wire-end conductive areas.
The first wire-end conductive area may be arranged ad-
jacent to the corresponding first conductive area of the
sensor assembly. The second wire-end conductive area
may be located in the other end of the conductive element
towards the glass unit, as shown in fig. 2, adjacent to a
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second conductive element in the form of for example a
piece of foil. The second wire may comprise a third wire-
end conductive area towards a corresponding second
conductive area of the sensor assembly, which may be
connected to a ground plane or other reference level.
The wire may further comprise a fourth wire-end conduc-
tive area in the other end towards the glass unit adjacent
to a second conductive element in the form of for example
a piece of foil. Fig. 2 shows such an embodiment. The
wires may extend for example through a hole in the sash.
When the glass unit is in a correctly mounted position in
the sash, a glass unit conductive element may be ar-
ranged to make a resistive or capacitive short-circuit be-
tween the two parallel wires. Removing the entire glass
unit from the correctly mounted position will break the
short-circuit, thereby also changing the capacitive value
at the capacitive sensor.
[0009] In a second embodiment, the first conductive
element is arranged between the sensor assembly
(which is mounted on the sash) and the glass unit. The
conductive element makes a resistive or capacitive short
circuit between the capacitive sensor and the ground
plane or the second conductive area. If the conductive
element is removed or broken the short circuit between
the capacitive sensor and ground is removed, which
causes a change in capacitance measured by the capac-
itive sensor. If the conductive element is mounted on the
glass unit, for example by means of a mechanical wire,
in such a way that it is pulled away from the capacitive
sensor or such that the connectivity is broken when the
glass unit is removed from its correct position, it will break
the short-circuit, thereby also changing the capacitive
value at the capacitive sensor. This embodiment is
shown in fig. 4.
[0010] The present disclosure further relates to a win-
dow and to a door, said window or door comprising;

- a sash (or outer portion in the case of a door);
- a glass unit comprising a glass pane and a glass

frame holding the glass pane;

wherein the glass unit is mounted in the sash/outer por-
tion; and

- a glass removal sensor for detecting removal of the
glass unit from the sash/outer portion, the glass re-
moval sensor comprising:

+ a sensor assembly comprising a capacitive
sensor; a first conductive area in connection with
the capacitive sensor; and a second conductive
area;
+ at least a first conductive element connected,
directly or indirectly, between the first conduc-
tive area of the sensor assembly, the second
conductive area of the sensor assembly and the
glass unit of the window/door.

The window/door may comprise any embodiment of the
presently disclosed glass removal sensor. The win-
dow/door may thereby be sold and delivered as a com-
plete unit, wherein the sensor assembly may for example
be integrated into the sash of the window or, equivalently,
the outer portion of the door.
A door/window may also be sold and delivered as a se-
curity-prepared door/window where the conductive ele-
ment and glass unit metal foil may be pre-mounted and
marking may indicate where the sensor assembly should
be placed.
[0011] The glass removal sensor may be referred to
as a window sensor assembly or a door sensor assembly.
The glass removal sensor is suitable both for windows
that can be opened and windows of the type that cannot
be opened, which have a replaceable glass unit, option-
ally in a frame.

Definitions

[0012] ’Conductive’ in capacitive sensing generally re-
fers to any material capable of propagating an external
change of capacitance. A capacitive sensor may be ar-
ranged such that an external object approaching it will
increase the capacitance between a sensor node or con-
ductive area and a reference point, such as a ground
node or a secondary node/area.
[0013] The term ’capacitive connection’ is used for a
connection between two or more conductive elements
separated by an insulator, where the capacitance be-
tween the elements is changed due to changes of the
insulation layer such as changed size or insulation ma-
terial characteristics. A change in distance between the
elements may also change the capacitance between the
elements.

Window/door parts

[0014] A ’glass unit’ is referred to as a sheet of glass
(glass pane), which optionally has a frame holding the
glass pane. A glass unit may also be a framed or un-
framed double-pane or triple-pane glass unit. An exam-
ple of a ’glass unit’ can be found in fig. 9. In the example
the glass pane 3 and its frame 4 constitute the glass unit,
which may be replaced.
[0015] A ’sash’ of a window, as used in the present
disclosure, is the frame of the part of the window that
opens and closes. An example is shown in fig. 9, where
the ’sash’ (8) holds the ’glass unit’ (4 and 3) The type of
burglary that is prevented by the presently disclosed win-
dow sensor is the separation of the ’glass unit’ from the
’sash’. The ’sash’ is typically the part of the movable part
of the window that has a handle (28). A door may be
constructed equivalently to a window in the sense that it
has an outer portion (corresponding to the ’sash’ of a
window) holding a glass unit.
[0016] A window typically further comprises a fixed
frame or framework firmly attached to a wall in a fixed
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position. In the example of fig. 9 the fixed frame has a
’head jamb’26, two ’side jambs’ 25 and a ’sill’ 27.
[0017] The presently disclosed glass removal sensor
can be used both for windows and doors having a glass
unit. Where the description refers to a window specifical-
ly, the skilled person will also acknowledge that the tech-
nology can be applied to a door.

Description of drawings

[0018]

Fig. 1 shows a first embodiment of the presently dis-
closed glass removal sensor with a glass unit and
part of a sash.
Fig. 2 shows the first embodiment of the presently
disclosed glass removal sensor with a glass unit.
Fig. 3 shows a second embodiment of the presently
disclosed glass removal sensor with a glass unit and
part of a sash.
Fig. 4 shows the second embodiment of the pres-
ently disclosed glass removal sensor with a glass
unit.
Figs. 5A-B show an example of a printed circuit
board of an embodiment of the sensor assembly.
Fig. 6 shows an example of a bottom side of the
sensor assembly in the form of a printed circuit board
of an elongated sensor assembly.
Fig. 7 shows the components of an exemplary glass
removal sensor having a sensor assembly and a
conductive element connected to a glass unit.
Fig. 8 shows the components of another exemplary
glass removal sensor having a sensor assembly and
a conductive element connected to a glass unit.
Fig. 9 shows an example of a window having a glass
unit comprising a pane and a frame. A sensor as-
sembly can be seen on the bottom side of the sash
of the window.

Detailed description of the invention

[0019] The present disclosure relates to a glass remov-
al sensor for detecting removal of a glass unit from the
sash of a window or a corresponding door frame. The
glass removal sensor comprises a sensor assembly hav-
ing a capacitive sensor and at least a first conductive
element connected, directly or indirectly, between the
first conductive area of the sensor assembly and the
glass unit such that removal of the glass unit from the
sash causes a change of capacitance that can be meas-
ured by the capacitive sensor. The sensor assembly
comprises a capacitive sensor and at least a first con-
ductive area in connection with the capacitive sensor.
[0020] Capacitance describes how the space between
two conductors affects an electric field between them. If
two conductive plates are placed close to each other and
a voltage is applied, an electric field will be generated
between the plates. In a capacitive sensor, a surface of

the probe corresponds to one of the plates, whereas an
external plate or object corresponds to the second plate.
When the distance between the two plates is changed,
a capacitance change will occur. When this change ex-
ceeds a predetermined value, the capacitive sensor gen-
erates a signal.
[0021] Several embodiments and configurations of the
presently disclosed glass removal sensor may be envis-
aged. In one embodiment, the glass removal sensor fur-
ther comprises at least a first wire attached, directly or
indirectly, between the first conductive element and the
glass unit of the window/door such that when the glass
unit is removed from a sash of the window it causes a
change of capacitance detected by the capacitive sensor.
Examples and embodiments of arrangements allowing
the capacitive sensor to detect the removal of the glass
unit from the sash are described in detail, including one
embodiment in which the first conductive wire and a par-
allel second conductive wire having wire-end conductive
areas in both end are arranged between the sensor as-
sembly and a second conductive element attached to the
glass unit, and another embodiment in which the wire is
used to pull the first conductive element away from a
position adjacent to the sensor assembly when the glass
unit is removed from the sash. In one arrangement, the
sensor assembly is a very thin assembly, such as having
a maximum height of less than 5 mm, which is mounted
on a surface of the sash. The thin design of the sensor
assembly may allow the sensor assembly to be posi-
tioned between the sash and the fixed frame of the win-
dow when the window is closed. Alternatively, the sensor
assembly can be placed in a groove of the sash or even
inside the sash. If the sash is hollow and possibly filled
with an insulating material, a cavity can be formed in the
sash by removing the insulation so that the sensor as-
sembly can be positioned inside the sash. In any of the
above placements, the sensor assembly can be hidden
from potential intruders and may not be easily removed.
In addition, the sensor assembly is protected from envi-
ronmental exposure like sunshine and precipitation. The
first conductive element may be capacitively connected
to the first and second conductive area of the sensor
assembly. The first conductive element may comprise
two conducting wires with a conductive area in each of
the four ends. By placing the conductive element correct-
ly between the sensor assembly and a metal foil, the first
and the second capacitive area in the sensor assembly
will be capacitively short circuited.
[0022] In a second embodiment the first conductive el-
ement may be a single conductive area that capacitively
short circuits the first and the second capacitive area in
the sensor assembly.
[0023] The first conductive element may be a first piece
of foil, such as a metal foil, such as aluminum foil, or
copper foil, or steel foil, or gold foil or metal tape, exem-
plified in fig. 3 and 4. The first conductive element may
be arranged to cover the first conductive area and the
second conductive area of the sensor assembly at least
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partly when the sensor assembly is placed in its position
against the sash. The first conductive element may be
adapted to be mounted between the sensor assembly
and the sash. Preferably, the first conductive element is
not attached to the sensor assembly, but may be attach-
able to the sash. In case the sensor assembly is posi-
tioned in a groove of the sash, the first conductive ele-
ment may accordingly be positioned in the same groove.
[0024] In this embodiment, the first conductive element
will typically be further connected to an arrangement at
or adjacent to the glass unit, which will create the change
of capacitance. The glass removal sensor may therefore
further comprise a second conductive element attacha-
ble to the glass unit. An example of such a second con-
ductive element (10) is shown in fig. 2 in the form of a
metal foil. The second conductive element may be a
piece of foil, such as a metal foil, such as aluminum foil,
or copper foil, or steel foil, or gold foil or metal tape. The
first and second conductive areas may be connected us-
ing the first wire and a parallel second wire and a second
conductive element connecting the first and second
wires.
[0025] In a second embodiment, the first wire may by
any wire and not necessarily a conducting wire. The first
wire may be attached to the glass unit, optionally attached
to an attachment element which is attached to the glass
unit, and configured such that when the glass unit is re-
moved from the sash, the first wire pulls the first conduc-
tive element away from the first conductive area. For ex-
ample, the first conductive element may be pulled
through a hole in the sash. The capacitive sensor will
detect a change in the measured capacitive value as a
consequence of the first conductive element being re-
moved from the conductive area.
[0026] The sensor assembly, which preferably is an
elongated and thin sensor assembly, may further com-
prise:

- a microprocessor configured to detect the detect the
change of capacitance;

- an antenna system for transmitting a signal indica-
tion if the window/door glass is removed from the
window/door (or replaced), or transmitting a signal
as long as the window/door glass is not removed
from the window/door;

- a wireless transceiver/transmitter configured to re-
ceive a signal from the microprocessor identifying
the change of capacitance; and

- a power source for providing electric power to the
glass removal sensor.

[0027] The microprocessor may be any kind of
processing unit implemented in a circuit configured to:
detect one or more changes of state of the capacitive
sensor and optionally other sensors.
[0028] In order to fit inside narrow elongated voids and
cavities the maximum height/thickness of the sensor as-
sembly should be kept to a minimum, i.e. preferably less

than 5 mm, more preferably less than 4.5 mm, yet more
preferably less than 4 mm, or less than 3.5 mm, even
more preferably less than 3 mm, yet more preferably less
than 2.5 mm, even more preferably less than 2 mm, pos-
sibly less than 1.5 mm or less than 1 mm.
[0029] The power source may be an ultrathin battery
having a thickness below 2.0 mm, preferably less than
1.0 mm, even more preferably less than 0.5 mm. In order
to have a certain minimum battery life, the battery may
be flat, thin and elongated. This may result in the sensor
assembly having a minimum length of 100 mm.
[0030] The sensor assembly may have at least a first
conductive area separated from the ground plane by a
first insulation layer, preferably wherein the first insulation
layer is integrated in the bottom side of the sensor as-
sembly, and/or wherein the second conductive area is
separated from the ground plane by a second insulation
barrier. Preferably, the first and second conductive areas
are arranged in the same PCB layer, which is typically
an outer layer, arranged towards the first conductive el-
ement. The first and second conductive areas may there-
by form two parallel capacitors with one or several metal
foils positioned at the areas. A piece of tape, coating or
layer of enamel paint may serve as an insulation layer
between the first and second conductive areas and the
metal foil(s). The first and the second conductive areas
may be part of a PCB, wherein the PCB may constitute
the bottom side of the sensor assembly. Fig. 5A shows
an embodiment of an elongated sensor assembly with
double conductive areas on the bottom side connected
to a first capacitive sensor, a ground plane and a third
conductive area connected to a second capacitive sen-
sor. The assembly may have one or several conductive
areas connected to a capacitive sensor. The capacitive
sensor referred to is configured to detect changes in re-
sponse to an externally generated change in conductivity
between two or more conductive areas, wherein one area
may be connected to the capacitive sensor and the other
conductive area is connected to ground or another ref-
erence.
[0031] The sensor assembly may be further configured
for detecting if the window is open or closed. The sensor
assembly may therefore further comprise at least one
sensor switch, such as a magnetically activated reed
switch, configured to detect a given state and a change
of state between the given state and at least one other
state. The at least one sensor switch may be configured
to detect whether a window or door is open or closed.
[0032] The arrangements of the first conductive ele-
ment, and/or the second conductive element in relation
to the sensor assembly and the glass unit may be used
to detect the removal of the glass unit from the sash. In
one embodiment, the capacitance between the first con-
ductive area and a reference point of the sensor assem-
bly changes due to a broken electrical contact between
for example the two wires of the first conductive element.
The change of capacitance could also be a change
caused by a broken electrical or capacitive contact be-
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tween the first and/or second or due to a change in dis-
tance between the first conductive element and the first
conductive area, or due to a change in relative position
of the first and second conductive elements. The change
of capacitance registered by the capacitive sensor may
also be caused by breaking the first wire and/or the sec-
ond wire when the glass unit is removed from the sash.
[0033] As would be appreciated by the skilled person,
the conductive element(s) and wire(s) may take a number
of shapes and may be made of different materials. The
first and/or second may be electrically and/or magneti-
cally conductive elements. The elements can be imple-
mented in the form of conductive paint. For example, a
layer of conductive paint can be applied to the glass unit
and a corresponding layer of paint on the sash. A con-
ductive paint is easy to apply. If a wire is used, an end
of the wire can be painted or positioned in the wet paint
and when the paint has dried, the wire is firmly connected
to the paint and there is a conductive connection between
the paint and the end of the wire. The first and/or second
conductive elements may alternatively be configured for
attachment to the sash of the window using an adhesive,
or Velcro, or single-sided tape, or double-sided tape, or
glue.
[0034] The first and/or second conductive element
may be mounted on a piece of foam, preferably wherein
the foam has an adhesive side, such that the foam is
located between the conductive element and the sash.
The thickness of the foam may be less than 10 mm, pref-
erably less than 5 mm, more preferably less than 3 mm,
even more preferably less than 1 mm.
[0035] The first and second wires may be made of elec-
trically conductive material, such as copper, or steel, or
brass, or aluminum, or gold. In arrangements where the
wire(s) are only used to pull for example the first conduc-
tive element away from the conductive area of the sensor
assembly when the glass unit is removed, the wire(s) do
not necessarily have to be conductive.
[0036] The first and/or second wire(s) can also be a
metal pin or nail, optionally with a pointed end. Such a
metal pin can protrude from the rear side of the sensor
assembly. If the spacer of a double-pane or a triple-pane
is partly made of metal, the metal pin can be arranged
to extend through the case to come in close proximity of
the spacer as a capacitive element.
[0037] The present disclosure further relates to a win-
dow comprising;

- a sash;
- a glass unit comprising a glass pane and optionally

a glass frame holding the glass pane;

wherein the glass unit is mounted in the sash; and

- a glass removal sensor for detecting removal of the
glass unit from the sash, the glass removal sensor
comprising:

+ a sensor assembly comprising a capacitive
sensor; a first conductive area in connection with
the capacitive sensor; and a second conductive
area;
+ at least a first conductive element connected,
directly or indirectly, between the first conduc-
tive area of the sensor assembly, the second
conductive area of the sensor assembly and the
glass unit of the window.

[0038] The present disclosure further relates to a door
comprising;

- an outer portion;
- a glass unit comprising a glass pane and optionally

a glass frame holding the glass pane;

wherein the glass unit is mounted in the outer portion; and

- a glass removal sensor for detecting removal of the
glass unit from the outer portion, the glass removal
sensor comprising:

+ a sensor assembly comprising a capacitive
sensor; a first conductive area in connection with
the capacitive sensor; and a second conductive
area in connection with a capacitive sensor ref-
erence level, such as the ground plane;
+ at least a first conductive element connected,
directly or indirectly, between the first conduc-
tive area of the sensor assembly, the second
conductive area of the sensor assembly and the
glass unit of the door.

[0039] The glass removal sensor may be any embod-
iment of the presently disclosed glass removal sensor,
comprising any embodiment of the presently disclosed
sensor assembly. The window or door may further com-
prise a fixed frame or framework, which can be mounted
in the window opening of a building, for example a frame
as shown in fig. 9. The window may thereby be sold and
delivered as a complete unit, wherein the sensor assem-
bly may for example be integrated into the sash. The
glass removal sensor may serve both as a wireless alarm
of the type that indicates whether the window is opened
or closed and an alarm indicating when the glass unit is
removed from the sash.
[0040] The sash may have a through hole or a slot,
through which a first and/or second wire of the glass re-
moval sensor can be inserted to connect the sensor as-
sembly and the glass unit. The window may be of any
type that has a sash holding a glass unit as defined in
the present disclosure. Types of windows include an
awning window, a casement window, a double hung win-
dow, a gliding window, a double hung window, and single
hung window. The glass removal sensor can be installed
in any of these window types. The window can also be
of the type that cannot be opened, still having a replace-
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able glass unit in a frame.

Detailed description of the drawings

[0041] The invention will in the following be described
in greater detail with reference to the accompanying
drawings. The drawings are exemplary and are intended
to illustrate some of the features of the presently dis-
closed glass removal sensor and are not to be construed
as limiting to the presently disclosed invention.
[0042] Fig. 1 shows a first embodiment of the presently
disclosed glass removal sensor (1) with a glass unit (2)
and sash (8). The glass unit (2) has a pane (3) and a
glass frame (4). The sash (8) is shown as two pieces,
which are, however, part of the same sash (8). Two dif-
ferent views of the sash (8) are shown to illustrate how
the sensor assembly (5) may be located on one side, in
this case the side on the opposite side of the glass unit
(2), whereas the second conductive element (10) is at-
tached to the glass unit (2). In the example the sensor
assembly (5) is placed such that the capacitive sensor
(16), or at least the first conductive area (6) (preferably
there are two conductive areas (6, 11)) is located adja-
cent to the first and third wire-end conducting areas (14,
15) of the first conductive element (7). A major part of
the visible side of the sensor assembly may be ground,
which is typically separated from the first conductive area
(6) by means of for example a minimum distance or a
barrier. The ground may constitute the second conduc-
tive area (11), as shown in the figure. The first conductive
area (6) may be positioned against one of the two wire-
end conductive areas (14, 15), and the second conduc-
tive area (11) may be positioned against the second wire-
end conductive area (15). Conductive first and second
wires (12, 13) extend through a hole (9) in the sash (8).
The wires may be attached to two different conductive
areas, a first conductive area (6) and a second conductive
area (11) (which may be ground as shown in fig. 1), of
the sensor assembly. The wires are connected to a sec-
ond conductive element (10) in the form of a foil (10) with
second and fourth wire-end conducting areas (14, 15)
mounted on the sash (8) on the side facing the glass unit
(2). Removal of the glass unit (2) from the sash (8) causes
a change of capacitive load, which is sensed by the ca-
pacitive sensor (16).
[0043] Fig. 2 shows the first embodiment of the pres-
ently disclosed glass removal sensor with a glass unit
(2). In this embodiment the first conductive element (7)
is arranged between the sensor assembly and the glass
unit (5). The first conductive element comprises a first
wire (12) having first and second wire-end conductive
areas (14). The first wire-end conductive area (14) is ar-
ranged towards the corresponding first conductive area
(6) of the sensor assembly. The second wire-end con-
ductive area (14) is arranged towards the second con-
ductive element (10). The second wire (13) comprises a
third wire-end conductive area (15) towards a corre-
sponding second conductive area (11) of the sensor as-

sembly, which is connected to ground. The wire further
comprises a fourth wire-end conductive area (15) in the
other end towards the glass unit (15), the area located
towards the second conductive element (10).
[0044] Fig. 3 shows a second embodiment of the pres-
ently disclosed glass removal sensor (1) with a glass unit
(2) and sash (8). The glass unit (2) has a pane (3) and a
glass frame (4). In the example the sensor assembly (5)
is placed such that the conductive area (6), and the
ground area, which may be the second conductive area
(11), are located towards the first conductive element (7)
in the form a foil. In the example the foil is not attached
to the sash (8). A wire (12) is attached to the first con-
ductive element (7) through a hole (9) in the sash (8).
The opposite end of the wire (12) is attached to an at-
tachment element (15) in the form of a foil, which is at-
tached to the frame (4) of the glass unit (2). The wire may
be attached to the glass unit (2) in any suitable way, using
any suitable attachment element. Removal of the glass
unit (2) from the sash (8) causes the wire to pull the first
conductive element (7) through the hole (9). When the
first conductive element (7) is pulled away from the con-
ductive area (6), it causes a change of capacitive load,
which is sensed by the capacitive sensor (16). The first
conductive element (7) covers at least a part of the first
conductive area (6) and at least a part of the second
conductive area (11).
[0045] Fig. 4 shows the second embodiment of the
presently disclosed glass removal sensor with a glass
unit (2). The first conductive element (7) is arranged be-
tween the sensor assembly and the glass unit (2). The
conductive element (7) makes a resistive or capacitive
short circuit between the first conductive area (6) and the
second conductive area (11). If the conductive element
(7) is removed or broken the connection between the
capacitive sensor and ground is removed, which causes
a change in capacitance measured by the capacitive sen-
sor. The conductive element (7) is connected to the glass
unit (2) by means of a physical wire (12).
[0046] Fig. 5A shows an embodiment of an elongated
sensor assembly (5) with a first conductive area (6) and
a ground plane (18) on the bottom side of the assembly.
In the example the sensor assembly further comprises
additional conductive areas (6’). The assembly compris-
es a capacitive sensor (16). The assembly has two longer
edges (19). Fig. 5B is a side view of the elongated sensor
assembly (5). The elongated sensor assembly has a
thickness h. It can be seen that the conductive areas (6)
are part of a PCB (20) which constitutes the bottom side
(20) in this embodiment.
[0047] Fig. 6 shows an example bottom side in the form
of a printed circuit board of an elongated sensor assem-
bly. The bottom side (backside) of the printed circuit
board has a first conductive area (6) in the form of a
rectangular area. A first rectangular isolation barrier (17)
separates the first conductive area (6) from the ground
plane (18). The capacitive sensor (16) is placed on the
top side of the PCB and is not visible in fig. 6. In the
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example the sensor assembly further comprises addi-
tional conductive areas (6’), which may or may not be
used as part of the glass removal sensor.
[0048] Fig. 7 shows the components of an exemplary
glass removal sensor (1) having a sensor assembly (5)
and a conductive element (7) connected to a glass unit
(2) through a second conductive element (10) in the form
of a metal foil. The conductive element comprises two
parallel conductive wires (12, 13) The sensor assembly
comprises an antenna system (22), a microprocessor
(21), a wireless transmitter (23) (typically a wireless
transceiver) and a power source (24). The skilled person
will recognize that there are a number of options for im-
plementing wireless communication, including for exam-
ple transmitter/receiver/transceiver configured to com-
municate wirelessly using for example Z-Wave, ZigBee,
Bluetooth, or Bluetooth Low Energy (BLE) based com-
munication protocols. Fig. 8 shows the components of
another exemplary glass removal sensor (1) having a
sensor assembly (5) and a conductive element (7) con-
nected to a glass unit (2).
[0049] Fig. 9 shows an example of a window compris-
ing a pane (3) and a frame (4) together forming a glass
unit (3 and 4). A sensor assembly (5) can be seen on the
bottom side of the sash (8) of the window. The sensor
assembly (5) is not visible when the window is closed.
The rest of the glass removal sensor (1), i.e. further con-
ductive elements are not visible in fig. 6. The sash (8)
has a handle (28) for opening and closing the window.

Figure references

[0050]

1 - glass removal sensor
2 - glass unit
3 - glass pane
4 - glass frame
5 - sensor assembly
6 - first conductive area (of sensor assembly)
7 - first conductive element (in the example having
two wires (12, 13))
8 - sash
9 - through-hole/slot in the sash
10 - second conductive element
11 - second conductive area (of sensor assembly)
12 - first wire
13 - second wire
14 - first and second wire-end conducting areas (as-
sociated with first wire)
15 - third and fourth wire-end conducting areas (as-
sociated with second wire)
16 - capacitive sensor
17 - isolation barrier
18 - ground plane
19 - long edge
20 - PCB / bottom side
21 - microprocessor

22 - antenna system
23 - wireless transmitter/transceiver
24 - power source
25 - side jambs
26 - head jamb
27 - sill
28 - handle
29 - attachment element (for attachment to the glass
unit)

Further details

[0051]

1. A glass removal sensor for detecting removal of
a glass unit having a glass pane and optionally a
glass frame, in a window or a door, said glass re-
moval sensor comprising:

- a sensor assembly comprising a capacitive sen-
sor; a first conductive area in connection with
the capacitive sensor; and a second conductive
area;

- at least a first conductive element connected,
directly or indirectly, between the first conduc-
tive area of the sensor assembly, the second
conductive area of the sensor assembly and the
glass unit of the window or door such that when
the glass unit is removed from a sash of the win-
dow or door it causes a change of capacitance
in the first conductive area relative to the second
conductive area of the sensor assembly,

wherein the sensor assembly is configured to detect
the removal of the glass unit from the sash of the
window or door as the change of capacitance de-
tected by the capacitive sensor.

2. The glass removal sensor according to item 1,
wherein the second conductive area is connected to
ground or to a reference point of the sensor assem-
bly.

3. The glass removal sensor according to any of the
preceding items, further comprising at least a first
wire attachable, directly or indirectly, between the
first conductive element and the glass unit of the win-
dow or door such that when the glass unit is removed
from the sash it causes a change of capacitance in
the first conductive area.

4. The glass removal sensor according to any of the
preceding items, wherein the first conductive ele-
ment is a first piece of foil, such as a metal foil, such
as aluminum foil, or copper foil, or steel foil, or gold
foil or metal tape.

5. The glass removal sensor according to any of the
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preceding items, wherein the first conductive ele-
ment is arranged to cover the first conductive area
and the second conductive area of the sensor as-
sembly.

6. The glass removal sensor according to any of the
preceding items, wherein the first conductive ele-
ment is attachable to the sash.

7. The glass removal sensor according to any of the
preceding items, wherein the sensor assembly has
a maximum height of less than 5 mm.

8. The glass removal sensor according to any of the
preceding items, wherein the sensor assembly is
configured to detect a change of state of the capac-
itive sensor in response to an externally generated
change in capacitance between the first conductive
area and a ground plane of the sensor assembly or
between the first conductive area and a second con-
ductive area of the sensor assembly.

9. The glass removal sensor according to any of the
preceding items, wherein the sensor assembly is
adapted to be mounted on an outside or inside of
the sash.

10. The glass removal sensor according to items 1
and 9, wherein the first conductive element is adapt-
ed to be mounted between the sensor assembly and
the sash.

11. The glass removal sensor according to any of
the preceding items, further comprising a second
conductive element attachable to the glass unit.

12. The glass removal sensor according to item 11,
wherein the second conductive element is a second
piece of foil, such as a metal foil, such as aluminum
foil, or copper foil, or steel foil, or gold foil or metal
tape.

13. The glass removal sensor according to item 11,
wherein the first conductive element comprises a first
wire and a parallel second wire.

14. The glass removal sensor according to any of
items 11-13, wherein the first wire comprises a first
wire-end conductive area towards the first conduc-
tive area of the sensor assembly, and wherein the
first wire comprises a second wire-end conductive
area towards the glass unit.

15. The glass removal sensor according to any of
items 11-14, wherein the second wire comprises a
third wire-end conductive area towards the second
conductive area of the sensor assembly, and where-
in the second wire comprises a fourth wire-end con-

ductive area towards the glass unit.

16. The glass removal sensor according to item 15,
wherein the second conductive element is arranged
in close proximity but not attached to the second and
fourth wire-end conductive areas.

17. The glass removal sensor according to any of
the preceding items, wherein the first wire is attached
to the glass unit, optionally attached to an attachment
element attached to the glass unit and configured
such that when the glass unit is removed from the
sash, the first conductive element is pulled away
from the first conductive area and the second con-
ductive area.

18. The glass removal sensor according to item 17,
wherein the first conductive element is arranged on,
and at least partly covering, the first conductive area
and the second conductive area.

19. The glass removal sensor according to any of
the preceding items, further comprising:

- a microprocessor configured to detect the detect
the change of capacitance;

- an antenna system for transmitting a signal in-
dication that the glass unit is removed if the glass
pane is removed from the sash, or transmitting
a signal as long as the glass unit is not removed
from the sash;

- a wireless transmitter configured to receive a
signal from the microprocessor identifying the
change of capacitance; and

- a power source for providing electric power to
the glass removal sensor.

20. The glass removal sensor according to any of
the preceding items, wherein the ground plane and
the first conductive area are part of a PCB, wherein
the PCB constitutes the bottom side of the sensor
assembly.

21. The glass removal sensor according to any of
the preceding items, wherein the capacitance of the
first conductive element changes due to a broken
electrical or capacitive contact between the first wire
and second wire, or due to a broken electrical or
capacitive contact between the first and second con-
ductive area.

22. The glass removal sensor according to any of
the preceding items, wherein the first and/or second
conductive elements is/are electrically and/or mag-
netically conductive element(s).

23. The glass removal sensor according to any of
the preceding items, wherein the first and/or second
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conductive elements is/are (a) conductive paint.

24. The glass removal sensor according to item 13,
wherein the first and second wires are made of elec-
trically conductive material, such as copper, or steel,
or brass, or aluminum, or gold.

25. The glass removal sensor according to any of
the preceding items, wherein the first and/or second
conductive element is configured for attachment to
the sash using an adhesive, or Velcro, or single-sid-
ed tape, or double-sided tape, glue, nail, screw, or
staple, or by casting the the first and/or second con-
ductive element into the sash.

26. The glass removal sensor according to any of
the preceding items, wherein the window is an open-
able window and wherein the sensor assembly is
further configured for detecting if the window is open
or closed.

27. A window comprising;

- a sash;
- a glass unit comprising a glass pane and option-

ally a glass frame holding the glass pane;

wherein the glass unit is mounted in the sash; and

- a glass removal sensor for detecting removal of
the glass unit from the sash, the glass removal
sensor comprising:

+ a sensor assembly comprising a capaci-
tive sensor; a first conductive area in con-
nection with the capacitive sensor; and a
second conductive area;
+ at least a first conductive element connect-
ed, directly or indirectly, between the first
conductive area of the sensor assembly, the
second conductive area of the sensor as-
sembly and the glass unit of the window.

28. The window according to item 27, wherein the
glass removal sensor is the glass removal sensor
according to any of items 1-26.

29. The window according to any of items 27-28,
wherein the sensor assembly is mounted in the sash
or on the sash, such in a groove or indentation in the
sash.

30. The window according to any of items 27-29,
wherein the sash has a through hole or a slot for
receiving a first and/or second wire of the glass re-
moval sensor connecting the sensor assembly and
the glass unit.

31. The window according to any of items 27-30,
wherein the first and/or second is mounted on a piece
of foam, preferably wherein the foam has an adhe-
sive side, such that the foam is located between the
conductive element and the sash.

32. The window according to item 31, wherein the
thickness of the foam is less than 10 mm, preferably
less than 5 mm, more preferably less than 3 mm,
even more preferably less than 1 mm.

33. A door comprising;

- an outer portion;
- a glass unit comprising a glass pane and option-

ally a glass frame holding the glass pane;

wherein the glass unit is mounted in the outer portion;
and

- a glass removal sensor for detecting removal of
the glass unit from the outer portion, the glass
removal sensor comprising:

+ a sensor assembly comprising a capaci-
tive sensor; a first conductive area in con-
nection with the capacitive sensor; and a
second conductive area;
+ at least a first conductive element connect-
ed, directly or indirectly, between the first
conductive area of the sensor assembly, the
second conductive area of the sensor as-
sembly and the glass unit of the door.

34. Use of a glass removal sensor according to any
of items 1-26 for detecting removal of a glass unit in
a window or a door.

35. Use according to item 34, wherein the window
is a window according to any of items 27-32 and/or
wherein the door is a door according to item 33.

36. A window or door comprising;

- a sash;
- a glass unit comprising a glass pane and option-

ally a glass frame holding the glass pane;

wherein the glass unit is mounted in the sash; and

- at least a first conductive element comprising a
first wire and a parallel second wire connected
to a second conductive element attached to the
glass unit, wherein the first wire has a first wire-
end area arranged on the outside of the sash,
and the second wire has a third wire-end area
arranged on the outside of the sash
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wherein the sash has an indication for a placement
of a sensor assembly according to any of items 1-26,
such that a first capacitive area and a second capac-
itive area of the sensor assembly coincide with the
first wire-end area and the second wire-end area,
or

- at least a first conductive element arranged on
the outside of the sash;

- a first wire attached to the first conductive ele-
ment and the glass unit,

wherein the sash has an indication for a placement
of a sensor assembly according to any of items 1-26,
such that a first capacitive area and a second capac-
itive area are at least partly covered by the first con-
ductive element.

Claims

1. A glass removal sensor for detecting removal of a
glass unit having a glass pane and optionally a glass
frame, in a window or a door, said glass removal
sensor comprising:

- a sensor assembly comprising a capacitive
sensor; a first conductive area in connection with
the capacitive sensor; and a second conductive
area;
- at least a first conductive element connected,
directly or indirectly, between the first conduc-
tive area of the sensor assembly, the second
conductive area of the sensor assembly and the
glass unit of the window or door such that when
the glass unit is removed from a sash of the win-
dow or door it causes a change of capacitance
in the first conductive area relative to the second
conductive area of the sensor assembly,

wherein the sensor assembly is configured to detect
the removal of the glass unit from the sash of the
window or door as the change of capacitance de-
tected by the capacitive sensor.

2. The glass removal sensor according to claim 1,
wherein the second conductive area is connected to
ground or to a reference point of the sensor assem-
bly.

3. The glass removal sensor according to any of the
preceding claims, further comprising at least a first
wire attachable, directly or indirectly, between the
first conductive element and the glass unit of the win-
dow or door such that when the glass unit is removed
from the sash it causes a change of capacitance in
the first conductive area.

4. The glass removal sensor according to any of the
preceding claims, wherein the first conductive ele-
ment is a first piece of foil, such as a metal foil, such
as aluminum foil, or copper foil, or steel foil, or gold
foil or metal tape.

5. The glass removal sensor according to any of the
preceding claims, wherein the first conductive ele-
ment is arranged to cover the first conductive area
and the second conductive area of the sensor as-
sembly.

6. The glass removal sensor according to any of the
preceding claims, wherein the sensor assembly has
a maximum height of less than 5 mm.

7. The glass removal sensor according to any of the
preceding claims, further comprising a second con-
ductive element attachable to the glass unit.

8. The glass removal sensor according to any of the
preceding claims, wherein the first conductive ele-
ment comprises a first wire and a parallel second
wire.

9. The glass removal sensor according to any of claims
8, wherein the first wire comprises a first wire-end
conductive area towards the first conductive area of
the sensor assembly, and wherein the first wire com-
prises a second wire-end conductive area towards
the glass unit.

10. The glass removal sensor according to any of claims
8-9, wherein the second wire comprises a third wire-
end conductive area towards the second conductive
area of the sensor assembly, and wherein the sec-
ond wire comprises a fourth wire-end conductive ar-
ea towards the glass unit.

11. The glass removal sensor according to any of the
preceding claims, wherein the first wire is attached
to the glass unit, optionally attached to an attachment
element attached to the glass unit and configured
such that when the glass unit is removed from the
sash, the first conductive element is pulled away
from the first conductive area and the second con-
ductive area.

12. The glass removal sensor according to any of the
preceding claims, wherein the ground plane and the
first conductive area are part of a PCB, wherein the
PCB constitutes the bottom side of the sensor as-
sembly.

13. A window comprising;

- a sash;
- a glass unit comprising a glass pane and op-
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tionally a glass frame holding the glass pane;

wherein the glass unit is mounted in the sash; and

- a glass removal sensor for detecting removal
of the glass unit from the sash, the glass removal
sensor comprising:

+ a sensor assembly comprising a capaci-
tive sensor; a first conductive area in con-
nection with the capacitive sensor; and a
second conductive area;
+ at least a first conductive element connect-
ed, directly or indirectly, between the first
conductive area of the sensor assembly, the
second conductive area of the sensor as-
sembly and the glass unit of the window.

14. A door comprising;

- an outer portion;
- a glass unit comprising a glass pane and op-
tionally a glass frame holding the glass pane;

wherein the glass unit is mounted in the outer portion;
and

- a glass removal sensor for detecting removal
of the glass unit from the outer portion, the glass
removal sensor comprising:

+ a sensor assembly comprising a capaci-
tive sensor; a first conductive area in con-
nection with the capacitive sensor; and a
second conductive area;
+ at least a first conductive element connect-
ed, directly or indirectly, between the first
conductive area of the sensor assembly, the
second conductive area of the sensor as-
sembly and the glass unit of the door.

15. A window or door comprising;

- a sash;
- a glass unit comprising a glass pane and op-
tionally a glass frame holding the glass pane;

wherein the glass unit is mounted in the sash; and

- at least a first conductive element comprising
a first wire and a parallel second wire connected
to a second conductive element attached to the
glass unit, wherein the first wire has a first wire-
end area arranged on the outside of the sash,
and the second wire has a third wire-end area
arranged on the outside of the sash

wherein the sash has an indication for a placement

of a sensor assembly according to any of claims
1-12, such that a first capacitive area and a second
capacitive area of the sensor assembly coincide with
the first wire-end area and the second wire-end area,
or

- at least a first conductive element arranged on
the outside of the sash;
- a first wire attached to the first conductive el-
ement and the glass unit,

wherein the sash has an indication for a placement
of a sensor assembly according to any of claims
1-12, such that a first capacitive area and a second
capacitive area are at least partly covered by the first
conductive element.
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