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(57) Abstract: A wireless dual technology displacement sensor ("displacement sensor system") and method are disclosed. The dis-
placement sensor system includes an analyzing sensor for determining a range to a measuring point and a trigger sensor for activating
the analyzing sensor. The trigger sensor is an accelerometer or an optical proximity sensor (OPS), in examples. The analyzing sensor is
preferably a time of flight range sensor. When installed as part of a door system having a door and door frame, for example, the trigger
sensor detects movement of the door, and activates the analyzing sensor in response. The analyzing sensor then determines the range
to the measuring point, such as the door frame. This two sensor system can be thus used to prevent the high current consumption of
existing displacement sensor systems.
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WIRELESS DUAL TECHNOLOGY DISPLACEMENT SENSOR

RELATED APPLICATIONS
(0001]  This application claims the benefit under 35 USC 119(e) of U.S. Provisional
Application No. 62/503,567, filed on May 9, 2017, which is incorporated herein by

reference in its entirety.

BACKGROUND OF THE INVENTION

[0002]  Magnetic displacement sensor systems are a common subsystem in many
intrusion systems, and in security systems more generally. Most often, these magnetic
displacement sensor systems are used to detect whether doors or windows are ajar or
secured. More generally, however, magnetic displacement sensor systems can be used in
other applications that require proximity and/or end position sensing, or moving part

position sensing.

[0003]  In these intrusion/security systems, the magnetic displacement sensor systems
are typically monitored by a system control panel via a network. In this way, the control

panel can monitor whether doors or windows are ajar or secured, for example.

[0004]  The magnetic displacement sensor systems have traditionally included magnets
and reed switches. In a window, for example, the magnets are usually installed on the
moving parts, such as on the window sashes. The reed switches, in turn, are usually
installed on stationary parts of the window that are adjacent to the moving parts, such as
on/within the window frame. When the magnets are brought into proximity of the reed
switches, the contacts of switches are closed and the switches become conductive. The
control panels then monitor for changes in the conductivity of the reed switches to

determine whether the windows have opened.

[0005]  Reed switch-based magnetic displacement sensor systems often require
maintenance. The reed switches themselves can break. The magnets on the moving parts
can also move such that there may be insufficient magnetic field at the switch to close the
switch. This can occur when a reed switch is installed at an entry/exit door that receives
significant foot traffic, for example. As the door is repeatedly opened and closed, the
magnets often move over time, possibly causing the switch to fail even when the door is
completely closed. Such movement can also result in intermittent failure. The magnetic

field at the switch may be just sufficient to close the switch, but may become insufficient to
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close the switch if the switch or the door is merely bumped. Attenuation in the magnetic
field due to movement of the magnets can thereby result in transient operation of the reed

switch.

[0006]  Another issue associated with reed switch-based magnetic displacement sensor
systems is the distance between the reed switch and the magnets, also known as the gap.
Security personnel seek to minimize the gap, as a larger gap is a loophole in security and
can lead to potential false alarms. While more sensitive reed switches can be used to
minimize the gap, these more sensitive devices are more costly, and magnetic displacement
sensor systems using the more sensitive reed switches also require stronger magnets, which
increases the size and cost of the magnets. The larger magnets required also have aesthetic
concerns for applications such as fine furniture cabinets, jewelry display cases, and use in
art museums, in examples. At the same time, installers prefer a larger gap for easier

installation.

(00071  The gap is also adversely affected by the proximity of ferromagnetic materials
to the reed switches and magnets. For example, a reed switch-based magnetic displacement
sensor system deployed at a metal door requires spacers made of electrically insulating
material (e.g. plastic) to "lift" the magnets and reed switches away from the metal door and
door frame surfaces, which makes installation harder. Because a would-be thief could in
theory remove the spacer from the door without security personnel detecting a tampering
event upon the reed switch itself, the spacer must be outfitted with a back tamper. This can

be a challenge for mechanical design and increase the product cost.

[0008]  Yet another issue associated with reed switch-based magnetic displacement
sensor systems is the presence of magnetic fields. Strong magnetic fields not only
adversely affect operation of these systems, but could also be used to defeat them. In some
magnetic displacement sensor systems, a strong permanent magnet placed and held near a
reed switch in a door frame could cause the reed switch to maintain its normal "door
closed" state, allowing an intruder to open the door without triggering an alarm, in one

example.
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SUMMARY OF THE INVENTION
[0009]  Instead of using magnetic displacement sensor systems to detect open
doors/windows, a range measuring sensor could be used. Such devices consume relative

large amounts of power, however.

[0010]  Aspects of the present invention leverage the understanding that many range
measuring sensors consume too much power. This power consumption makes these range
measuring sensors inappropriate for use in displacement sensor systems and especially
battery operated ones, for example. In such systems, battery life should ideally be counted

in years.

[0011]  As aresult, a displacement sensor system is proposed that preferably
incorporates two sensors. A first of the sensors functions as a trigger. This trigger sensor
wakes the displacement sensor system from a low power mode so that a second sensor can
be activated to detect range. This dual sensor system can be thus used to prevent the
continuous high current consumption of existing magnetometer-based displacement sensor

systems, in one example.

(00121  In one example, the first sensor is a trigger sensor that is used to detect real door
or asset movement or other possible causes, which is realized by an optical proximity
sensor (OPS) or accelerometer, in examples. An OPS typically emits an electromagnetic
field or a beam of electromagnetic radiation (e.g. infrared) towards a target surface. In one
example, the beam is a pulsed signal. The beam impinges on the target surface and is
reflected back to the OPS, and changes in the waveform of the reflected beam are
measured to determine proximity to the target surface. In one example, an amplitude of the

reflected beam is measured and compared to a reference value.

(0013]  In the proposed displacement sensor system, the OPS trigger sensor is used to
detect movement/determine an indication of movement of a door relative to a door frame,
for example. Upon detecting movement/determining an indication of movement, the

trigger sensor activates the second sensor.

(00141  The second sensor is an analyzing sensor that is used to then measure range. In
one example, the analyzing sensor is a VL6180X sold by STMicroelectronics. This sensor
measures absolute distance independent of target reflectance by measuring the time that

light transmitted by the sensor takes to travel to the nearest object and reflect back to the
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sensor (Time-of-Flight). The VL6180X includes an infrared (IR) emitter, a range sensor,

and an ambient light sensor.

(0015]  The proposed displacement sensor system also overcomes the issues associated
with gap, proximity to ferromagnetic materials, and exposure to magnetic fields of reed
switch-based magnetic displacement sensor systems. The displacement sensor system does
not use magnets nor relies on magnetic fields for operation, so issues associated with gap
and proximity to ferromagnetic materials are eliminated. As a result, no spacers during
installation of the proposed displacement sensor system are required, saving on mechanical
design, installation time and cost. The optical proximity sensor (OPS) and the range
analyzing sensor are also not affected by magnetic fields. This is because the sensors use
beams of light (e.g. LED laser light, infrared light) which are not affected by magnetic
fields. Because the proposed displacement sensor system uses beams of light to determine
motion and range, the displacement sensor system is also a wireless displacement sensor

system.

[0016]  Based on its range measuring analyzing sensor, which measures the range to a
moving object (asset, door frame and/or door), the proposed displacement sensor system
determines a state (e.g. open or closed) of an asset or door. The displacement sensor
system determines the state according to thresholds that are learned by the displacement
sensor system during a learning procedure. The learning procedure is executed upon initial
startup and/or reset of the system and can be periodically executed over time to recalibrate

the system to compensate for some small mechanical changes.

(00171  The range measuring analyzing sensor is preferably located on a printed circuit
board (PCB) and is oriented to a reference surface, such as a door frame, for example. An
IR light emitting diode (LED) of the analyzing sensor emits light to the door frame or other
surface and the analyzing sensor will measure the distance between itself and the door
frame/other surface. This distance should be within some range that was learned after
power up and/or as part of a periodic calibration of the range. For example, if the measured
distance has increased beyond an allowed range, that will indicate that the door is open.
However, if the distance is within range of the value associated with the initial position of

the door or calibrated position of the door, that will indicate that the door is again closed.

[0018]  Any attempt to block this analyzing sensor by any masking object can be

detected and reported. A masking object such as paper placed in the light path of the
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analyzing sensor, for example, will reduce the range detected by the analyzing sensor, as
compared to the value associated with the initial or calibrated position. Thus, defeating
attempts can be identified and reported to a control panel and then to a central station, in

examples.

[0019]  Theoretically, it can be possible to fool the analyzing sensor and/or the trigger
sensor by replicating the exact distance or range calculated by the analyzing sensor or by
replicating the reflection pattern received by the trigger sensor. As a result, in one
embodiment, both the trigger sensor and the analyzing sensor are monitored to detect

possible spoofing of sensors and related attempts to defeat the system.

[0020]  The preferred range measuring analyzing sensor is a VL6180X of ST
Microelectronics or other similar short range sensor. Such a sensor allows absolute
distance to be measured independent of target reflectance, rejects the visible light and
provides optical cross talk compensation for cover glass. The analyzing sensor should be

able to measure range starting from at least 1 centimeter (cm).

[0021]  In general, according to one aspect, the invention features a displacement sensor
system. The system comprises an analyzing sensor for determining a range to a measuring

point and a trigger sensor for activating the analyzing sensor.

[0022]  Preferably, the analyzing sensor is angled relative to the plane of a surface to
which the sensor system is mounted. In one example, the analyzing sensor is angled
between 25 and 100 degrees relative to the plane of the surface to which the sensor system

is mounted.

(00231  Typically, the analyzing sensor is a time of flight range sensor, and the trigger
sensor is an optical proximity sensor. Alternatively, the trigger sensor can be an

accelerometer.

(00241  The sensor system is typically installed upon an object that is adjacent to the
measuring point, and the trigger sensor activates the analyzing sensor in response to

detecting movement relative to the measuring point.

[0025]  In one example, the sensor system includes a housing that contains the
analyzing sensor and the trigger sensor. The housing also contains a battery that provides a

source of input power for the sensor system.
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[0026]  In another example, the sensor system is installed in a door system, specifically

installed on the door as a battery powered system.

[0027]  In general, according to another aspect, the invention features a method of
operation for a displacement sensor system. The method includes an analyzing sensor
determining a range to a measuring point, and a trigger sensor activating the analyzing

sensor.

[0028]  Additionally and/or alternatively, the trigger sensor activates the analyzing
sensor in response to the trigger sensor transmitting light upon the measuring point,
determining a DC signal average of reflected light from the measuring point, the reflected
light being received in response to the transmitted light, and determining that the DC signal
average has exceeded either a lower alarm threshold value or a higher alarm threshold

value maintained by the sensor system.

[0029]  The above and other features of the invention including various novel details of
construction and combinations of parts, and other advantages, will now be more
particularly described with reference to the accompanying drawings and pointed out in the
claims. It will be understood that the particular method and device embodying the
invention are shown by way of illustration and not as a limitation of the invention. The
principles and features of this invention may be employed in various and numerous

embodiments without departing from the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]  In the accompanying drawings, reference characters refer to the same parts
throughout the different views. The drawings are not necessarily to scale; emphasis has

instead been placed upon illustrating the principles of the invention. Of the drawings:

(0031]  Fig. 1is atop plan view showing the displacement sensor system mounted to a

door of a door system, via a mounting bracket of the displacement sensor system;
[0032]  Fig. 2 is a cross sectional view of the displacement sensor system in Fig. 1;

[0033]  Fig. 3 is a schematic diagram showing the relationship between a DC Work
Window, a DC Stability window, and a DC Alarm Window used by a calibration process

of the sensor system for calibrating the trigger sensor, when the trigger sensor is an OPS;

[0034]  Fig. 4 is a state diagram for the displacement sensor system;
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(0035]  Fig. 5is a flow diagram showing a range analyzing sensor learning process; and

[0036]  Fig. 61s a flow diagram showing a method of initial configuration for an optical

proximity sensor used as the trigger sensor, according to an embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
(0037]  The invention now will be described more fully hereinafter with reference to
the accompanying drawings, in which illustrative embodiments of the invention are shown.
This invention may, however, be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the

scope of the invention to those skilled in the art.

[0038]  As used herein, the term "and/or" includes any and all combinations of one or
more of the associated listed items. Further, the singular forms and the articles "a", "an"
and "the" are intended to include the plural forms as well, unless expressly stated
otherwise. It will be further understood that the terms: includes, comprises, including
and/or comprising, when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps, operations, elements,
components, and/or groups thereof. Further, it will be understood that when an element,
including component or subsystem, is referred to and/or shown as being connected or

coupled to another element, it can be directly connected or coupled to the other element or

intervening elements may be present.

[0039]  Asexplained above, the present displacement sensor system combines an
analyzing sensor, which can have a high power consumption, with a trigger sensor that is
low in power/current consumption. The analyzing sensor is normally in a low power or
"sleep” mode, but might also be completely turned off if the sensor's wake-up time is
optimized such that the sensor does not miss any door open/door close events. In one
example, the trigger sensor is simply a movement detecting sensor. It could be almost any
existing solution to detect movement. In one implementation, the trigger sensor is an
optical proximity sensor comprising an IR emitter and photodiode that will detect
movement upon sensing a change to a portion of reflected light. The main function of this

trigger sensor is to provide a signal to trigger a range measuring analyzing sensor from
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sleep or to turn its power on. However, the trigger sensor also can be used for other

functionality, such as measuring reflection amplitude to help with spoofing prevention.

[0040]  The analyzing sensor is a range measurement sensor that is suitable for a wide
variety of applications. The analyzing sensor measures range as required by various
displacement door systems and windows utilized in many different intrusion systems and
security systems. Specifically, the minimum range of the analyzing sensor is about 5
millimeters (mm), and the maximum range is about 75 mm. In contrast, the range of some
currently available range sensors is more limited, which correspondingly limits the

applicability of current range sensors.

[0041]  Preferably, the trigger sensor is an optical proximity sensor (OPS), but other
technologies could be used. For example, an accelerometer could be used. These
accelerometers do have disadvantages, however. Installation of an accelerometer is less
convenient due to the need to install it on the moving door/window only. Further, an

accelerometer may not detect slow door/window movement.

[0042]  On the other hand, using an optical proximity sensor as the trigger sensor may
potentially lead to a problem with dirt build up. This problem, however, can be addressed
with periodic thresholds calibration, to avoid false alarms or more frequent wakeup due to

the dirt, in one example.

[0043]  Optical proximity sensors sometimes encounter problems when deployed such
that they need to determine range to very dark surfaces. This is because light that is
incident upon darker colored surfaces is absorbed more (and therefore reflected less) than
surfaces having lighter colored surfaces. In some instances, the current provided to the
LED(s) of the sensor can be increased to overcome this problem, but at the expense of
battery life. In other instances, such as when the surface is nearly or completely black, the

sensor does not receive enough reflected light to operate properly.

(0044]  Therefore, a preferred solution for resolving issues associated with deployment
of optical proximity sensors on dark surfaces is to apply a white sticker to a portion of the
surface upon which light from the sensor impinges. The white sticker is fastened/applied to
the target (e.g. door frame) at a location enabling maximum reflectance. It can also be
appreciated that other materials having a high light reflectance value can also be used, such
as white plastic affixed by screws to the door frame, or high reflectance paint applied to the

door frame, in examples.
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(00451  The range measuring analyzing sensor, in one example, measures the range
(e.g. distance) from its installation point on a window or door to an adjacent window or
door frame member. When the distance between the analyzing sensor and the window or
door frame member increases above a certain threshold, this will indicate the window or

door is open.

[0046]  In order to avoid the need for an additional reflective plate, in the preferred
embodiment, the PCB carrying the analyzing sensor is mounted at an angle of 75 degrees
(or other angle typically between 25 degrees and 100 degrees) with respect to a base of the
displacement sensor system so that the other side (e.g. door frame or window frame) will
play the role of reflector. In the case where the other side is glass, a special sticker can be

used to ensure reflectance.

(00471  In other cases, the angle is not needed. A recessed contact can be installed
inside the door (installer drills a hole) and the other side/measuring point (e.g. door frame)
directly faces the recessed contact. Then, the analyzing sensor is set up point without any

displacement angle at the measuring point.

[0048]  Another use case for the displacement sensor system is at a garage overhead
door. Two installation options are preferred. In each, the displacement sensor system is
installed by mounting the system at a bottom portion of the door. In a first option, the
sensor system is mounted such that an optical axis of its analyzing sensor "looks"/points
towards the ground. In a second option, the sensor system is mounted such that the optical
axis of its analyzing sensor points to a side of the door, such as towards the door frame (or

door).

(00491  Installing the displacement sensor system at portions of the garage door other
than its bottom portion is not recommended. Installation at a top portion of the door is
problematic, in one example, when the optical axis of the sensor system's analyzing sensor
points towards the ground. This is because both the time of flight analyzing sensor and the
OPS trigger sensor are intended for short range and typically operate at a distance of about
2 meters (m) or less. As a result, such an installation might increase the distance between
the sensor and the floor/ground to a point where the sensor system cannot operate
normally. Here, while longer range versions of the flight analyzing sensor and the OPS

trigger sensor could be used in theory, these sensors usually are blind in short range
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measurements (which is the main application of the proposed sensor system) and also

consume more power.

[0050]  In another example, if the sensor system were mounted in the side of the door
frame/rails of the overhead garage door, then the sensor system would detect open
door/closed door events only when the moving portion (e.g. the overhead garage door)

reaches the height where the sensor system is installed.

[0051]  Turning now to the disclosed embodiments, Fig. 1 shows the displacement
sensor system 100 with its mounting bracket 110. The displacement sensor system 100 also
includes a trigger sensor 142 and an analyzing sensor 152. The analyzing sensor 152
determines a range to a measuring point 114, and the trigger sensor 142 activates the

analyzing sensor 152.

(0052]  In the illustrated example, the displacement sensor system 100 is installed at a
door system 20 that includes a door frame 30 and door 32, viewed from the top of the door
system 20. Via the mounting bracket 110, the displacement sensor system 100 is mounted

to door 32, and the measuring point 114 is a reflective surface of the door frame 30.

[0053]  The analyzing sensor 152 transmits infrared light along its optical axis 112 to
determine the range to the measurement point 114. The transmitted light reflects off the
measurement point 114 (here, door frame 30) as reflected infrared light 115. The reflected
infrared light 115 from the measurement point 114 is then received by the sensor system

100 and detected by its analyzing sensor 152 .

[0054]  In one example, the mounting bracket 110 is on a door 32, window or window
frame. Then, the measurement point 114 is a frame member that is adjacent to the
mounting bracket 110. In another example, the mounting bracket 110 is on a frame
member such as door frame 30 and then the measurement point 114 is part of the door 32,

window or window frame.

[0055]  In more detail, with reference to the illustrated example, the mounting bracket
110 is mounted to the moving portion of the door system 20 (the door 32). And the
mounting bracket 110 carries the displacement sensor system 100. The measurement point
114 is a frame member or fixed portion of the door system 20 (here, door frame 30) that is

adjacent to the mounting bracket 110. Alternatively, the mounting bracket 110 and

10
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displacement sensor system 100 could be mounted on the frame member/door frame 30,

and the measurement point 114 is the door 32/ a surface of the door 32.

[0056]  When the trigger sensor 142 is an OPS, the trigger sensor 142 must
learn/determine an initial amplitude of the reflected IR light between the trigger sensor 142
and other side (e.g. door frame 30) when the door 32 is closed. The amplitude of the
reflected light depends upon both the distance between the trigger sensor 142 and door
frame 30, and the reflection screen material and/or color of the surface of the door frame
30. For example, a door frame 30 having a white surface (or other material applied/affixed
to the door frame 30 having a high light reflectance value) provides a higher amplitude of
the reflected IR light than a door frame 30 with a darker surface. Alternatively, a door
frame 30 having a white surface/white sticker enables a deployed trigger sensor 142 to
operate over a longer distance between door 32 and door frame 30 than a similarly situated
and deployed trigger sensor 142 that transmits its light upon a much darker surface of the

door frame 30.

[0057]  This learning process can be accomplished in several ways. In one example, an
installer selects a push button of the displacement sensor system 100. In another example,
the displacement sensor system 100 receives a control signal sent by a control panel. In yet

another example, the trigger sensor 142 executes this automatically.

(0058]  The displacement sensor system 100 also includes a method of automatic
learning of the desired closed state and trigger sensor 142 hardware configurations, such as
current through an LED of the OPS-based trigger sensor 142, and receiver gain, in

examples.

[0059]  The optimal configuration of an OPS as the trigger sensor 152 is usually
defined by a few parameters, mainly by the current that flows through an IR light emitting
diode (LED) of the OPS. Other parameters include a receiver gain and LED Pulse Width,

in examples.

[0060]  The analyzing sensor 152 determines the range and amplitude of the reflected
light 115 while the door 32 is closed. For this purpose, the displacement sensor system 100
will have a predefined threshold of range, for example 5 cm. The analyzing sensor 152 will
then periodically measure the range and check if it falls in the predefined range. A
measured range value that falls within the predefined range typically means that the door

32 is/remains closed.

11
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[0o61]  Itis also required to obtain a stable range during some time frame, such as 1-5
seconds. In this case, the displacement sensor system 100 will learn the real range, which
will be the new threshold of the steady state/ Door Closed State. If stable range values are
not obtained during this time frame, the displacement sensor system 100 will reset and the

process is repeated from the beginning.

(00621  To calibrate an optical proximity trigger sensor 142 according to the optimal
setting that works for the system steady state, a learning procedure of the trigger sensor

142 is executed. The learning procedure will start setting the optical proximity trigger
sensor 142 with parameters having the least power consumption, to emit IR and to check if
the measurement is inside of some threshold. The procedure is executed in a loop,

changing the trigger sensor 142 settings with each pass, until the best settings are found.

[0063] A calibration process for the analyzing sensor 152 and the trigger sensor 142
starts with the minimum gain and LED current settings. Then, the next proximity
parameters of the trigger sensor 142 are loaded into the proximity sensor registers. Data
samples of time-of-flight are obtained by the analyzing sensor 152 and averaged, then
compared to a "door open" threshold. If the average time-of-flight range value is greater
than the door open threshold, the system returns and the gain in current is reset to the
minimum gain. If the average time-of-flight range value is not greater than the door open
threshold, the calibration process for the analyzing sensor 152 is repeated with increasing
values for the current gain until the average time-of-flight range value is greater than the

door open threshold.

[0064]  For this calibration process, the trigger sensor provides a set of predetermined
current gain values, in milliamperes (mA), e.g. 5, 11, 22, 100 and 200. For example, if
SmA is proven as not enough for this installation, then the next predetermined current gain
value is applied (here, 11mA). When the average time-of-flight range value calculated
using the next predetermined current gain value is greater than the door open threshold, the
proximity sensor registers are loaded with the new gain value, and the pulse width remains

constant.

(00651 It should be further appreciated that the disclosed displacement sensor system
100 can be used for other applications beyond determining the state of doors and windows.
For example, it can protect: assets including art objects such as pictures and sculptures, and

garage overhead doors.

12
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[oo66]  Fig. 2 shows one implementation of the displacement sensor system 100. Here,
a cross-section of the displacement sensor system 100 in Fig. 1 shows multiple components

that were hidden from view in Fig. 1.

(00671  The sensor system 100 has a sensor housing 154 with a base 158. The sensor
housing 154 has a hollow interior and is generally cubic in shape. The base 158, in turn, is
fastened to mounting bracket 110. A plane 160 of the base 158 extends parallel to a top
surface 161 of door 32. A proximal face 159 of the housing 154 is also shown.

[0068]  Various components are contained by the sensor housing 154. The sensor
housing 154 contains a printed circuit board (PCB 150), which in turn holds the analyzing
sensor 152 (such as a VL6180X) and the trigger sensor 142, and a microcontroller. The
analyzing sensor 152 emits light along an optical axis 112 towards a measurement point
114 such as door frame 30. The PCB and thus the analyzing sensor 152 are angled relative
to the plane 160 of the base 158 such that the optical axis 112 of the analyzing sensor 152
points at the door frame 30 at an oblique angle toward the door 32. This angle is indicated

by reference 156.

(0069]  The analyzing sensor 152 can also be described as being angled relative to a
plane of the surface (here, top surface 161 of door 32) to which the sensor system 100 is
mounted. This is because the plane 160 of the base 158 and the plane extending from the
top surface 161 of door 32 are parallel. The angle 156 is between 25 degrees and 100
degrees, preferably about 75 degrees.

(00701  The sensor housing 154 also contains a battery 101. The battery 101 provides a
source of power to the sensor system 100. In examples, the battery 101 might be Nickel-
Cadmium (Nicad), Lithium-ion, Nickel Metal Hydride (NiMH), lead acid, or a

supercapacitor.

(00711 A system state LED 111 is attached to the proximal face 159 of the housing
154. The system state LED 111 signals various states of the system 100 to installers, using
different colors and/or flashing patterns of light, in examples. In one example, the system
state LED 111 flashes yellow when the battery 101 is nearly discharged and should be

replaced.

[0072] A protective window 162 is also provided in a sidewall of the housing 154. The

protective window protects the analyzing sensor 152 and trigger sensor 142 from dirt and
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dust. The window 162 is made from a transparent material such as glass. The window 162
has a thickness 172 of about .50 millimeters (mm). A window offset distance 190 between
a lens of the analyzing sensor 152 and the inside surface 122 of the window 162 is
typically 1 millimeter (1mm). Typically, the window 162 is at an oblique angle 120 with
respect to the proximal face 159 of the housing 154. As shown, angle 120 is measured
from plane 165, which is parallel to the proximal face 159, to plane 89 of the protective
window 162. The protective window 162 is at angle 120 with respect to the proximal face
159 and the PCB 150 to eliminate/minimize stray light from reflecting off inside surface

122 of the window 120 and then entering the analyzing sensor 152.

(00731  In another implementation, the analyzing sensor 152 compensates for optical
crosstalk contributed by the protective window 162. For this purpose, the window offset
distance 190 is typically selected in accordance with specification details of the analyzing

sensor 152.

(00741  The trigger sensor 142, such as an optical proximity sensor with external IR
LED, is used as a trigger to activate the analyzing sensor 152. In one implementation, the
trigger sensor 142 is located on the same PCB 150 as the analyzing sensor 152. In another
implementation, the trigger sensor 142 is located on a different circuit board/mounted
separately within the sensor housing 154. The OPS as the trigger sensor 142 transmits light
to the measuring point 114, and looks for changes in the waveform of the light reflected

back from the measuring point 114 to infer movement of the door 32.

(00751  Fig. 3 shows various DC signal windows that the sensor system 100 uses to
periodically monitor and adjust operation of the trigger sensor 142, when the sensor is an

OPS.

[0076]  When the trigger sensor 142 is an OPS, the trigger sensor 142 typically sends a
pulsed signal (e.g. optical, infrared) to the measuring point 114, and monitors changes in
the resulting signal waveform reflected back from the measuring point 114. An LED of the
OPS sends the pulsed signal. Typically, the sensor system 100 monitors changes in the
waveform of the received signal by first calculating a Direct Current (DC) signal average
of the waveform, or DC signal average of the trigger sensor 142. In one example, the DC
signal average is calculated by sending a number of test pulses (e.g. 10), and computing the

average of the amplitudes of the reflected signals received for the test pulses.
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[0077]  Dirt or dust can accumulate upon the trigger sensor 142, which can affect
operation of the sensor system 100. The accumulation of dirt on the optic lenses over time
may influence the Optical Proximity sensor 142 reading. This, in turn, may impact
operation of the sensor system 100 as a whole. This is because the Optical Proximity
sensor 142 triggers activation of the analyzing sensor 152, when a change of amplitude in

the trigger sensor's DC signal average exceeds some reference or margin.

[0078]  When the trigger sensor 142 operates improperly, the sensitivity of the trigger
sensor 142 can change. To overcome this, the sensor system 100 periodically executes a
self-diagnosis procedure to check for amplitude margin of the DC signal average with
respect to changes after installation, due to accumulation of dirt or maybe other

environmental changes.

(00791  With respect to Fig. 3, the microcontroller of the sensor system 100 periodically
measures the DC signal average of the trigger sensor 142 and compares the DC signal
average to three limiting windows maintained by the sensor system 100. The three limiting
windows are: a DC work window 302, a DC stability window 304, and a DC alarm
window 306. The limiting windows define different permissible operational ranges for the
DC signal average, and therefore are used to control and manage operation of the trigger
sensor 142 itself. The microcontroller of the sensor system 100 might also update one or
more of the limiting windows when the DC signal average changes (e.g. lessens in

amplitude).

(0080]  The DC work window 302 is a predefined window. It is required to reconfigure

the Optical Proximity Sensor (e.g. trigger sensor 142) with a new LED current.

(0081]  The DC stability window 304 is another predefined window. The DC stability
window 304 is included within the DC work window 302. At initial startup of the sensor
system 100, it is required that the DC signal average be within range of the DC Stability
window 304.

(0082]  The DC alarm window 306 is a window that is included within the DC Stability
window 304. The DC alarm window 306 is a computed/calculated window. The DC alarm
window 306 has a lower alarm threshold 309L, a DC optimal level 310, and an upper
alarm threshold 309U. Initial values for the upper and lower alarm threshold 309U/309L

are typically predefined but could also be configured remotely.

15



WO 2018/207030 PCT/IB2018/051199

[0083]  Based on the DC signal average, the trigger sensor 142 either remains in steady-
state or triggers activation of the analyzing sensor 152. When the DC signal average is
determined to be within range of the upper and lower alarm threshold 309U/309L, the
trigger sensor 142 remains in steady-state. In steady-state, the door 32 is closed, and the
trigger sensor 142 does not activate the analyzing sensor 152. A DC signal average that
crosses (i.e. exceeds) either the upper or lower alarm threshold 309U/309L, however, will

cause the trigger sensor 142 to activate (e.g. wake up) the range analyzing sensor 152.

(oos4]  The DC signal average is identified at initial installation by installers, and then
monitored and possibly adjusted automatically over time by the running sensor system 100
itself. During initial installation, installers verify that the DC signal average is nearly equal
to the DC optimal level 310 when the door 32 is closed. In a preferred embodiment, the DC
signal average is also periodically measured and the DC alarm window 306 may be
updated in response. For example, when the DC signal average is determined to have
decreased over time, such as due to accumulated dirt/dust, the microcontroller of the sensor
system 100 adjusts the DC optimal level 310 in response. Here, the DC optimal level 310
would be adjusted to be nearly equal to the new value of the DC signal average. Then, the
upper and lower alarm threshold 309U/309L would also correspondingly be adjusted such
that the new DC optimal level 310 is centered between the upper and lower alarm threshold

309U/309L by the microcontroller.

[0085]  Other adjustment scenarios of the limiting windows are possible. In one
example, if the microcontroller in response to the trigger sensor 142 determines that the
DC signal average is within range of the DC stability window 304, but outside of the DC
alarm window 306, the microcontroller of the sensor system 100 might simply adjust the
DC alarm window 306. At the same time, if the DC signal average is not within range of
the DC stability window 304 (or the DC work window 302), further reconfiguration of the
optical proximity sensor is required. In one example, the microcontroller of the sensor
system 100 might increase the current applied to the LED(s) of the trigger sensor 142, and
then recalculate the DC optimal level 310 and upper and lower alarm threshold 309U/309L
accordingly. In this way, the microcontroller of the sensor system 100 is able to adjust for

component degradation of and/or dirt upon the trigger sensor 142.

[0086]  During installation, such as in a door system 20, the microcontroller of the

sensor system 100 uses an auto-adjusting method. The purpose of the method is to learn
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almost without any human intervention the following parameters, which are installation
dependent: an initial range value between 2 sides, such as between door frame 30 and door
32 when the door is closed; and the optimal configuration parameters of the trigger sensor
142 (in the case of using an optical proximity sensor as the trigger sensor 142). These
optimal configuration parameters include the amount of current supplied to the LED of the
trigger sensor 142. A low value for the LED current is desired in order to save power

consumption and hence battery 101 life.

(0087]  The remaining parameters are derived from the initial range value and the OPS
LED current. These remaining parameters include, for example, a hysteresis value
calculated between the range value of what is to be considered "Door open” and the range

value for when the door is closed.

(0088]  The microcontroller of the sensor system 100 can also signal the installer of an
improper installation. For this purpose, the installer will be alerted by a flashing indication
of the system state LED 111 if the sensor system 100 has not passed its adjustment
procedure and thus is not ready for usage. Until the adjustment procedure has successfully
passed, the trigger sensor 142 will report a trouble state to panel, or Door open, in case of

"door/window" application.

[0089] A typical installation of the sensor system 100 at a door system 20 is as follows.
The installer inserts a battery 101 within the housing 104 and mounts the sensor system
100 on the door 32. The system state LED 111 flashes, and the installer closes the door 32
within the door frame 30 and waits for a period of time for the automatic adjustment
procedure to complete. If the adjustment successfully completes, the sensor system 100
indicates to the installer via the system state LED 111 that everything is okay and the
device is ready for usage. On the other hand, if the procedure has failed, the installer will

need to repeat the adjustment procedure.

[0090]  After the successful adjustment, the installer will need to test whether the
installation is proper. This is done as follows. The installer opens the door 32, and verifies
that the system state LED 111 indicates a "door open" state. The installer then closes the

door 32, and verifies that the system state LED 111 indicates a "door closed" state.

[0091]  In another example for how the sensor system 100 can signal the installer of an
improper installation, assume the following improper installation. A sensor device 100 is

mounted on the door 32, far from the end of the door 32 that is adjacent to the
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measurement point 114. As a result, the OPS LED transmits light to the door 32 itself,

instead of to the door frame 30. When opening and closing the door 32 to test whether the

installation was proper, the "door open" state will not be indicated by the system state LED

111, so the installer will know the installation was not correct.

[0092]  Fig. 4 is a state diagram 400 for the sensor system 100, when the trigger sensor

142 is an OPS. Auto adjustment states in the state diagram 400 are as follows:

Detector State

Description

Initialization (402)

Trigger sensor 142 is not ranging , waiting some time
to allow installer to insert battery and let the door be
in the stable state. Once the trigger sensor 142 is
determined to be ranging, after a delay of a few
seconds, the system 100 transitions to the range sensor
learning 404 state.

Range Sensor
Learning (404)

Ranging with range analyzing sensor 152 and finding

the minimum stable range (a series of X samples). If a
stable range is determined, the system 100 transitions

to the OPS configuration 406 state. If no stable range

is determined after a timeout interval, the system 100

transitions to the Auto adjust FAIL state 410.

OPS Configuration
(406)

Finding the optimal optical proximity sensor (OPS)
configuration, while Range sensor is off

Auto-adjust
SUCCESS (408)

Normal State

Auto-adjust FAIL

Sensor system will behave in a different way letting

(410) installer know that Adjustment is not done yet or done
improperly (e.g. status LED 111 flashing)
[0093]  Fig. 51s a flow diagram showing a learning process performed by the

microcontroller for the analyzing sensor 152. Here, it is necessary to learn the range

between the door 32 and the door frame 30 (or between a subject and its opposite side in

other applications) while the door is closed and stable for some time, such as 5 seconds.

The process starts at step 502.
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[0094]  In step 504, range values are sampled every 0.5 seconds until a required
number of samples is taken (here, 10 samples). An array is initialized to hold the samples.

The array is then populated with the sampled values in step 506.

[0095]  Then, in steps 510 and 512, the method determines whether each of the sampled
values in the array are less than a maximum range value. Here, the maximum range value
is 6 centimeters. If the method determines that all samples are less than the maximum
range value, the method transitions to step 514. Otherwise, the method transitions back to

step 504 to obtain new samples.

[0096]  In step 514, the sensor system 100 determines whether all samples in the array
are stable. Stable samples are samples that are similar to each other, such that a difference
between any one sample and another samples in the array of 10 samples is less than some
acceptable error &. This error is a very small but acceptable error in the samples due to
mistakes in sample quantization. In one example, the acceptable error & is 2 millimeters.
Once a sample is determined to differ from the rest of the samples by more than the
acceptable error & the method transitions back to step 504 to restart the search for 10 stable

samples (i=0). Otherwise, the method transitions to step 516.

[0097]  According to step 516, the method determines whether the required number of
samples (here, 10) has been met. If the number of samples is less than 10, the method
transitions to step 508, where the system waits for 500msec, and then transitions to step

506 to obtain more samples. Otherwise, the method transitions to step 518.

[0098]  Instep 518, the method assigns an average of the stable range array values to

use as an open door threshold range (e.g. distance) value, and the method ends in step 520.

[0099]  Fig. 61s a flow diagram showing a method for the initial configuration of the
optical proximity sensor (OPS), which is used as the trigger sensor 142 in the preferred
embodiment. The method performed by the microcontroller optimally configures the
optical proximity sensor 142 to achieve the best battery life and to have a configurable

wakeup sensitivity for activating the analyzing sensor 152. The method starts in step 602.

(001001 In step 604, setup of the OPS trigger sensor 142 is executed. Here, the LED
current value, which has the most impact upon battery 101 life, is set to its minimum value.
In steps 606 and 608, a number (here, indicated by X) of DC signal average values are

obtained and then averaged. In one example, X=10. The DC signal average of the trigger
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sensor 142 was previously discussed in the description that accompanies Fig. 3, included

herein above.

[00101] According to step 610, the method determines whether the average of the DC
signals calculated in step 608 is within the range of the DC stability window 304. If the
average of the DC signal value is within this range, the method transitions to step 614.

Otherwise, the method transitions to step 612.

(001021 In step 612, the trigger sensor 142 increases its LED current and the method
transitions to step 606 to confirm that the DC signal average of the reflected signal

received by the trigger sensor 142 is within the range of the DC stability window 304.

[00103] In step 616, the method configures OPS interrupt settings. Typically, the OPS
interrupt settings are defined to generate an interrupt (i.e. activate the analyzing sensor
152) when the DC signal average crosses either the upper or lower alarm threshold

309U/309L.

[00104] While this invention has been particularly shown and described with references
to preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein without departing from the scope

of the invention encompassed by the appended claims.
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CLAIMS

What is claimed is:

1. A displacement sensor system, comprising:
an analyzing sensor for determining a range to a measuring point; and

a trigger sensor for activating the analyzing sensor.

2. The sensor system as claimed in claim 1, wherein the analyzing sensor is angled

relative to the plane of a surface to which the sensor system is mounted.

3. The sensor system as claimed in claim 1, wherein the analyzing sensor is angled
between 25 and 100 degrees relative to the plane of a surface to which the sensor

system is mounted.

4. The sensor system as claimed in claim 1, wherein the analyzing sensor is a time

of flight range sensor.

5. The sensor system as claimed in claim 1, wherein the trigger sensor is an optical

proximity sensor.

6. The sensor system as claimed in claim 1, wherein the trigger sensor is an

accelerometer.

7. The sensor system as claimed in claim 1, wherein the sensor system is installed
upon an object that is adjacent to the measuring point, and wherein the trigger
sensor activates the analyzing sensor in response to the trigger sensor detecting

movement of the object relative to the measuring point.

8. The sensor system as claimed in claim 1, further comprising:
a housing that contains the analyzing sensor and the trigger sensor; and
a battery contained within the housing that provides a source of input power for

the sensor system.

9. The sensor system as claimed in claim 1, wherein the sensor system is installed

in a door system.
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10. A method of operation for a displacement sensor system, the method
comprising:
an analyzing sensor determining a range to a measuring point; and

a trigger sensor activating the analyzing sensor.

11. The method of claim 10, further comprising displacing the analyzing sensor at

an angle relative to the plane of a surface to which the sensor system is mounted.

12. The method of claim 10, further comprising displacing the analyzing sensor at
an angle between 25 and 100 degrees relative to the plane of a surface to which the

sensor system is mounted.

13. The method of claim 10, further comprising the analyzing sensor being a time

of flight range sensor.

14. The method of claim 10, further comprising the trigger sensor being an optical

proximity sensor.

15. The method of claim 10, further comprising the trigger sensor being an

accelerometer.

16. The method of claim 10, further comprising installing the sensor system upon
an object that is adjacent to the measuring point, and activating the analyzing
sensor in response to detecting movement of the object relative to the measuring

point.

17. The method of claim 10, further comprising powering the sensor system using

a battery.

18. The method of claim 10, wherein the trigger sensor activates the analyzing
sensor in response to the trigger sensor:

transmitting light upon the measuring point;

determining a DC signal average of reflected light from the measuring point, the

reflected light being received in response to the transmitted light; and
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determining that the DC signal average of the reflected light has exceeded either
a lower alarm threshold value or a higher alarm threshold value maintained

by the sensor system.
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not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guidelines C-1V, 7.2),
should the problems which led to the Article 17(2) declaration be
overcome.
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