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METHOD AND APPARATUS FOR CONFIGURING A WIRELESS SENSOR

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to occupancy and vacancy sensors for detecting an
occupancy or a vacancy condition in a space, and more particularly, to a wireless load control system
including a plurality of battery-powered occupancy or vacancy sensors having releasable mounting
means for allowing the sensors to be easily fixed in a position and then released from that position
during configuration of the load control system, such that the optimum locations of the sensors may

be determined.

Description of the Related Art

[0002] Occupancy and vacancy sensors are often used to detect occupancy and/or vacancy
conditions in a space in order to control an electrical load, such as, for example, a lighting load. An
occupancy sensor typically operates to turn on the lighting load when the occupancy sensor detects
the presence of a user in the space (i.e., an occupancy event) and then to turn off the lighting load
when the occupancy sensor detects that the user has left the space (i.e., a vacancy event). A vacancy
sensor only operates to turn off the lighting load when the vacancy sensor detects a vacancy in the
space. Therefore, when using a vacancy sensor, the lighting load must be turned on manually (e.g.,

in response to a manual actuation of a control actuator).

[0003] Occupancy and vacancy sensors have often been provided in wall-mounted load
control devices that are coupled between an alternating-current (AC) power source and an electrical

load for control of the amount of power delivered to the electrical load. Such a wall-mounted load
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control device typically comprises an internal detector, such as, for example, a pyroelectric infrared
(PIR) detector operable to detect infrared energy representative of the presence of an occupant in the
space, and a lens for directing the infrared energy to the PIR detector. However, since the
wall-mounted load control device is mounted to a wall in a standard electrical wallbox (i.e., as a
replacement for a standard light switch), the detection of energy by the PIR detector may be
hindered due to the direction that the load control device is facing and by obstacles in the space, thus

increasing the likelihood that the load control device may not detect the presence of a user.

[0004] Alternatively, some prior art occupancy and vacancy sensors have been provided as
part of lighting control systems. These sensors are typically coupled via a wired control link to a
lighting controller (e.g., a central processor), which then controls the lighting loads accordingly.
Since the control link is typically a low-voltage control link, these occupancy and vacancy sensors
are not required to be mounted in electrical wallboxes, but may be mounted to the ceiling or high on
a wall. Therefore, the occupancy and vacancy sensors may be positioned optimally to detect the
presence of the user in all areas of the space. Thus, since the locations of the sensors determine the
quality of the system operation, it is desirable that the occupancy and vacancy sensors may be easily
fixed in a position and then released from that position during configuration of the lighting control

system, such that the optimum locations of the occupancy sensors may be determined.

SUMMARY OF THE INVENTION

[0005] According to an embodiment of the present invention, a control device for a load
control system is adapted to be releasably mounted to a ceiling panel that has a substantially-flat
front surface and an opposite rear surface. The control device comprises a mounting plate having a
rear surface adapted to be mounted adjacent to the front surface of the panel, and two posts that
extend from the rear surface of the mounting plate in a direction substantially perpendicular to the
rear surface of the mounting plate. Each post has a small diameter and is rigid enough to pierce the
panel without creating a large aesthetically-displeasing hole in the front surface of the panel. The
control device may be temporarily affixed to the panel by inserting the posts through the front
surface and the rear surface of the panel, such that the posts extend from the rear surface of the

panel. The control device may be permanently affixed to the panel by bending the posts at the rear
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surface of the panel without the use of a tool, such that the panel is captured between the mounting

plate and the deformed posts.

[0006] In addition, a method of attaching a control device to a ceiling panel having a
substantially-flat front surface and a rear surface is also disclosed herein. The method comprises the
steps of: (1) providing two posts extending from a rear surface of the control device in a direction
substantially perpendicular to the rear surface of the control device; (2) piercing front surface of the
panel with the posts, such that the posts do not create large aesthetically-displeasing holes in the
front surface of the panel; (3) temporarily attaching the sensor to the front surface of the ceiling
panel by inserting the posts through the front surface and the rear surface of the panel, such that the
posts extend from the rear surface of the panel; and (4) permanently attaching the sensor to the front
surface of the ceiling panel by deforming the posts at the rear surface of the panel without the use of

a tool, such that the panel is captured between the rear surface of the sensor and the deformed posts.

[0007] Further, an electronics assembly described herein comprises an electronics housing,
an adapter plate releasably coupled to the electronics housing, and a single bendable wire received
by the adapter plate. The bendable wire is adapted to be manually bent to hold its bent shape under
the pressure created by the weight of the electronics housing. The bendable wire comprises a central
base section disposed against an interior surface of the adapter plate and first and second parallel
legs extending from opposite ends of the central base section and bent perpendicular to the plane of
the interior surface of the adapter plate and extending through the adapter plate. The legs are shaped
to be able to penetrate the thickness of a support panel without bending and being manually bendable
behind the panel in order to bind the adapter plate flat against the panel.

[0008] A process of affixing an electronic device housing to a ceiling is also described
herein. The process comprises the steps of: (1) inserting parallel, spaced legs of a single wire
through openings in a flat adapter plate until a base portion of the wire is pressed flat against one
surface of the adapter plate; (2) forcing the spaced legs of the wire through respective spaced points
on a ceiling panel; (3) manually bending the legs against an opposite surface of the ceiling panel to
press and hold the adapter plate against the one surface of the panel; and (4) removably connecting

the electronic device housing to the adapter plate.
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[0009] According to another embodiment of the present invention, a mounting structure for
mounting an electrical device to a penetrable thin flat support sheet structure having a front and a
rear surface comprises a pliant member having a central base portion and first and second parallel
legs extending from opposite ends of the central base portion. The electrical device comprises a
main housing containing electrical circuitry and a planar mounting plate removably connectable to
the main housing. The central base portion of the pliant member is positioned adjacent to and
against a rear surface of the mounting plate with the legs extending through the mounting plate and
away from the main housing. The free ends of the first and second legs are shaped to enable non-
destructive penetration of the flat support sheet at spaced locations without distortion the legs. The
legs are manually deformable behind the rear surface of the thin flat sheet structure after penetration
of the thin flat sheet structure to attach the mounting plate to the front surface of the thin flat sheet

structure.

[0010] According to yet another embodiment of the present invention, an occupancy sensor
for detecting the presence or absence of an occupant in a space comprises a mounting plate
comprising a rear surface adapted to be mounted adjacent to the surface and a magnet attached to the
mounting plate, such that the occupancy sensor may be magnetically attached to the surface. The
occupancy sensor is intended for use in a lighting control system for control of the amount of power
delivered to an electrical load in response to detecting the presence or absence of the occupant in the
space. The occupancy sensor comprises an occupancy detector circuit for detecting the presence or
absence of the occupant in the space and a controller responsive to the occupancy detector circuit
and operable to change to an occupied state in response to the occupancy detector circuit detecting
the presence of the occupant in the space in response to the occupancy detector circuit. The
controller is further operable to change to a vacant state at the end of a timeout period after the
occupancy detector circuit detecting the absence of the occupant in the space, where the timeout
period has a first value in a normal mode of operation of the sensor. A wireless transmitter is
coupled to the controller and transmits digital messages when the controller changes between the
occupied and vacant states. The controller further comprises an enclosure having an
outwardly-facing surface and sidewalls, such that the enclosure houses the occupancy detector

circuit, the controller, and the wireless transmitter. The mounting plate is positioned at an end of the
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enclosure opposite the outwardly-facing portion, and the magnet is attached to the mounting plate,
such that the occupancy sensor may be magnetically attached to the surface.
[0011] Other features and advantages of the present invention will become apparent from the
following description of the invention that refers to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Fig. 1 is a diagram of a radio-frequency (RF) lighting control system having a
dimmer switch and remote occupancy sensors that may be releasably attached to a drop ceiling panel

according to a first embodiment of the present invention;

[0013] Fig. 2 is a perspective view of one of the occupancy sensors of Fig. 1;
[0014] Fig. 3 is an exploded perspective view of the occupancy sensor of Fig. 2;
[0015] Fig. 4 is a rear perspective view of a mounting plate of the occupancy sensor of Fig. 2

showing posts of a mounting structure extending from a rear surface of the mounting plate;
[0016] Fig. 5 is a perspective view of the mounting structure of Fig. 4;

[0017] Fig. 6 is a front view of the mounting plate showing a “z-shaped” portion of the

mounting structure of Fig. 4;

[0018] Fig. 7 is a rear perspective view of the mounting plate showing the posts of the

mounting structure of Fig. 4 twisted together;

[0019] Fig. 8 is a side cross-sectional view taken through the posts of the mounting structure
of Fig. 4 showing how the occupancy sensor is permanently affixed to the drop ceiling panel when

the posts are twisted together;

[0020] Fig. 9 is a simplified flowchart of a commissioning procedure used during installation

and configuration of the lighting control system of Fig. 1;

[0021] Fig. 10 is a simplified block diagram of the occupancy sensor of Fig. 2;
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[0022] Fig. 11 is a flowchart of a test button procedure executed by a controller of the
occupancy sensor of Fig. 2;
[0023] Fig. 12 is a flowchart of an occupancy detection procedure executed by the controller
of the occupancy sensor of Fig. 2;
[0024] Fig. 13 is a flowchart of an occupancy timer procedure executed by the controller of
the occupancy sensor of Fig. 2;
[0025] Fig. 14 is a flowchart of a test mode timeout timer procedure executed by the
controller of the occupancy sensor of Fig. 2;
[0026] Fig. 15 is a diagram of an RF lighting control system having a remote occupancy

sensor that is magnetically attached to a grid structure of a drop ceiling according to a second

embodiment of the present invention; and

[0027] Fig. 16 is a rear perspective view of the occupancy sensor of Fig. 15.

DETAILED DESCRIPTION OF THE INVENTION

[0028] The foregoing summary, as well as the following detailed description of the preferred
embodiments, is better understood when reéd in conjunction with the appended drawings. For the
purposes of illustrating the invention, there is shown in the drawings an embodiment that is presently
preferred, in which like numerals represent similar parts throughout the several views of the
drawings, it being understood, however, that the invention is not limited to the specific methods and

instrumentalities disclosed.

[0029] Fig. 1 is a simple diagram of a radio-frequency (RF) lighting control system 100
comprising a dimmer switch 110 and two remote occupancy sensors 120 (e.g., passive infrared
sensors) according to a first embodiment of the present invention. The dimmer switch 110 is
adapted to be coupled in series electrical connection between an AC power source 102 and a lighting
load 104 for controlling the amount of power delivered to the lighting load. The dimmer switch 110

may be adapted to be wall-mounted in a standard electrical wallbox, and comprises a faceplate 112
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and a bezel 113 received in an opening of the faceplate. The dimmer switch 110 further comprises a
control actuator 114, i.e., a button, and an intensity adjustment actuator 116. Actuations of the
control actuator 114 toggle, i.e., turn off and on, the lighting load 104. Actuations of an upper
portion 116A or a lower portion 116B of the intensity adjustment actuator 116 respectively increase
or decrease the amount of power delivered to the lighting load 104 and thus increase or decrease the
intensity of the lighting load from a minimum intensity (e.g., 1%) to a maximum intensity (e.g.,
100%). A plurality of visual indicators 118, e.g., light-emitting diodes (LEDs), are arranged in a
linear array on the left side of the bezel 113, and are illuminated to provide feedback of the intensity

of the lighting load 104.

[0030] According to the first embodiment of the present invention, the occupancy

sensors 120 are releasably mountable to a surface, such as a drop ceiling panel (or tile) 250. The
drop ceiling panel 250 has a substantially-flat front surface 252 (i.e., the visible surface of the panel)
and an opposite rear surface 254 (as shown in Fig. 8). Accordingly, the drop ceiling panel 250 has a
thickness T (Fig. 8), which may be, for example, approximately 3/8 to 3/4 inches. The drop ceiling
panel 250 may be constructed of, for example, mineral fibers. The front surface 252 of the drop
ceiling panel 250 may be a smooth surface, but is typically a textured surface. The drop ceiling

panels 250 are held in place by a metal grid structure 256.

[0031] The remote occupancy sensors 120 are mounted in the vicinity of (i.e., in a space
around) the lighting load 104 controlled by the dimmer switch 110, and are operable to detect
occupancy conditions in the vicinity of the lighting load. The occupancy sensors 120 may be spaced
apart to detect occupancy conditions in different areas of the vicinity of the lighting load 104. The
remote occupancy sensors 120 each include an internal detector, e.g., a pyroelectric infrared (PIR)
detector 210 (Fig. 3), which is housed in an enclosure 122 (i.c., a main housing). The PIR

detector 210 is operable to receive infrared energy from an occupant in the space via a lens 124 to
thus sense the occupancy condition in the space. Each occupancy sensor 120 is operable to process
the output of the PIR detector 210 to detect the presence of the occupant (i.e., an occupancy
condition) or the absence of the occupant (i.e., a vacancy condition) in the space. Alternatively, the
internal detector could comprise an ultrasonic detector, a microwave detector, or any combination of

PIR detectors, ultrasonic detectors, and microwave detectors. The occupancy sensors 120 each
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operate in an “occupied” state or a “vacant” state in response to the detections of occupancy or
vacancy conditions, respectively, in the space. If one of the occupancy sensors 120 is in the vacant
state and the occupancy sensor determines that the space is occupied, the occupancy sensor changes

to the occupied state.

[0032] The remote occupancy sensors 120 are in wireless communication with the dimmer
switch 110. Specifically, the occupancy sensors 120 transmit digital messages wirelessly via RF
signals 106 in response to the present state of the occupancy sensors (i.€., whether an occupancy
condition or a vacancy condition has been detected). The dimmer switch 110 controls the amount of
power delivered to the lighting load 104 in response to the digital messages received by an internal
RF receiver (not shown) via the RF signals 106. A digital message transmitted by the remote
occupancy sensors 120 may include a command and identifying information, for example, a serial
number associated with the transmitting occupancy sensor. The dimmer switch 110 is responsive to
messages containing the serial numbers of the remote occupancy sensors 120 to which the dimmer
switch is assigned. The operation of the RF lighting control system 100 is described in greater detail
in U.S. Patent Application No. 12/203,518, filed September 3, 2008, entitled RADIO-FREQUENCY
LIGHTING CONTROL SYSTEM WITH OCCUPANCY SENSING, the entire disclosure of which

is hereby incorporated by reference.

[0033] The commands included in the digital messages transmitted by the occupancy

sensors 120 may comprise an occupied command (e.g., an occupied-take-action command or an
occupied-no-action command) or a vacant command. When the lighting load 104 is off, the

dimmer switch 110 is operable to turn on the lighting load in response to receiving a first
occupied-take-action command from any one of the occupancy sensors 120. The dimmer switch 110
is operable to turn off the lighting load 104 in response to the last vacant command received from
those occupancy sensors 120 from which the occupancy sensor received either occupied-take-action
or occupied-no-action commands. For example, if the occupancy sensors 120 both transmit
occupied-take-action commands to the dimmer switch 110, the dimmer switch will not turn off the
lighting load 104 until subsequent vacant commands are received from both of the occupancy

Sensors.
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[0034] Each occupancy sensor 120 also comprises an ambient light detector 314 (Fig. 10),
e.g., a photocell, for detecting the level of ambient light around the occupancy sensor. The
occupancy sensor 120 only measures the ambient light level when an occupancy condition is first
detected. The ambient light level is compared to a predetermined ambient light level threshold. If
the measured ambient light level is less than the predetermined level when an occupancy condition is
first detected by one of the occupancy sensors 120, the occupancy sensor transmits the
occupied-take-action command to the dimmer switch 110. On the other hand, if the measured
ambient light level is greater than the predetermined level when an occupancy condition is first
detected, the occupancy sensor 120 transmits the occupied-no-action command to the dimmer
switch 110. Accordingly, the dimmer switch 110 does not turn on the lighting load 104 if the

ambient light level in the space is sufficient.

[0035] The occupancy sensors 120 are each characterized by a predetermined occupancy
sensor timeout period Triveout, which provides some delay in the adjustment of the state of the
occupancy sensor, specifically, in the transition from the occupied state to the vacant state. The
predetermined timeout period Triveour denotes the time between the last detected occupancy
condition and the transition of the occupancy sensor 120 from the occupied state to the vacant state.
The predetermined occupancy sensor timeout period Triveour may be user-selectable ranging, for
example, from five to thirty minutes, during normal operation of the occupancy sensor 120. Each
occupancy sensor 120 will not transmit a vacant command until the occupancy sensor timeout
period Triveout has expired. Each occupancy sensor 120 maintains an occupancy timer to keep
track of the time that has expired since the last detected occupancy condition. The occupancy
sensors 120 periodically restart the occupancy timers in response to detecting an occupancy
condition. Accordingly, the occupancy sensors 120 do not change to the vacant state, and the
lighting load 104 is not turned off, in response to brief periods of a lack of movement of the
occupant in the space. If the occupancy sensor 120 fails to continue detecting the occupancy
conditions, the occupancy sensor 120 uses the occupancy timer to wait for the length of the
occupancy sensor timeout period Triveour. After the occupancy timer expires, the occupancy

sensor 120 changes to the vacant state and transmits a vacant command to the dimmer switch 110.
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[0036] Fig. 2 is a perspective view and Fig. 3 is an exploded perspective view an electronics
assembly of the occupancy sensor 120 according to the present invention. The circuitry of the
occupancy sensor 120 (including the PIR detector 210) is mounted to a printed circuit

board (PCB) 212, which is connected to a base portion 214. The enclosure 122 has sidewalls 215
that surround the PCB 212 and the circuitry of the occupancy sensor 120 when the enclosure 122 is
connected to the base portion 214. A flat mounting plate 216 is removably attached to the base
portion 214 and provides for attachment of the occupancy sensor 120 to the ceiling or the wall. The
base potion 214 has a rear surface having one or more buttons (not shown) for adjusting the
user-selectable values of operating characteristics of the occupancy sensor 120. For example, the
value of the predetermined occupancy sensor timeout period Trimeout (i.€., a selected timeout
period value TseLecTED) may be adjusted using one of the buttons on the rear surface of the base
portion 214. The structure of the occupancy sensor 120 is described in greater detail in U.S. Patent
Application No. 12/203,500, filed September 3, 2008, entitled BATTERY-POWERED
OCCUPANCY SENSOR, the entire disclosure of which is hereby incorporated by reference.

[0037] The occupancy sensor 120 also includes a plurality of test buttons (i.e., actuators),
which are provided on a front surface 218 (i.e., an outwardly-facing surface) of the enclosure 122
and comprise, for example, a first communications test button (i.e., a lights-on test button 220), a
second communication test button (i.e., a lights-off test button 222), and a sensor test button 224.
Since the test buttons 220, 222, 224 are provided on the front surface 218 of the enclosure 122, the
buttons are accessible when the occupancy sensor 120 is affixed to the ceiling panel 250.
Alternatively, the test buttons 220, 222, 224 could be located on the sidewalls 215 of the

enclosure 122, such that the buttons are also accessible when the occupancy sensor 120 is affixed to

the ceiling panel 250.

[0038] The lights-on test button 220, the lights-off test button 222, and the sensor test
button 224 comprise respective actuation posts 220A, 222A, 224A that extend through

openings 220B, 222B, 224B in the enclosure 122 (Fig. 3). The actuation posts 220A, 2224, 224A
allow for actuation of respective mechanical switches 220C, 222C, 224C, which are mounted to the
PCB 212. The lights-on test button 220, the lights-off test button 222, and the sensor test button 224

are used during configuration of the occupancy sensor 120. In particular, the lights-on test

{01112555.1)



WO 2010/093565 PCT/US2010/023347

-11-

button 220 and the lights-off test button 222 are used to test the wireless communications between
the occupancy sensor and the dimmer switch 110, while the sensor test button 224 is used to test the
ability of the occupancy sensor 120 to detect an occupant in the space. The occupancy sensor 120
further comprises two visual indicators, e.g., light-emitting diodes (LEDs) 226, which are mounted
to the PCB 212 and positioned to illuminate the lens 124 when the enclosure 122 is connected to the
base portion 214. During the configuration of the occupancy sensor 120, the occupancy sensor 120

is operable to illuminate the lens 124 using LEDs 226 to provide visible feedback to the user.

[0039] In response to actuations of the lights-on test button 220 and the lights-off test

button 222, the occupancy sensor 120 is operable to transmit digital messages to the dimmer

switch 110 to control the lighting load 104 to be on and off, respectively. This allows the user to test
the wireless communications between the occupancy sensor 120 and the dimmer switch 110 and to
ensure that the dimmer switch is receiving digital messages via the RF signals 106 from the

occupancy Sensor.

[0040] Actuations of the sensor test button 224 cause the occupancy sensor 120 to operate in
a test mode in which the occupancy sensor simply controls the LEDs 226 to illuminate the lens 124,
rather than transmitting digital messages to the dimmer switch 110 to cause the lighting load 104 to
turn on and off when the occupancy sensor changes between the occupied state and the vacant state.
In addition, the value of the timeout period Trpveourt is temporarily decreased to a test mode timeout
period value Ttgst (€.g. approximately five seconds) during the test mode, such that the occupancy
sensor 120 changes between the occupied and vacant states more often than in a normal mode of
operation (i.e., not the test mode). Since the lens 124 is not illuminated for a long period of time
when the occupancy sensor 120 is operating in the test mode, the user is able to quickly determine
how responsive the PIR detector 210 is to desired infrared energy (i.e., from the movement of the
user) and undesired infrared energy (i.e., from a noise source or from movement that is not
indicative of the occupant in the space). Because digital messages are not transmitted by the
occupancy sensor 120 in the test mode, the lighting load 104 is not repetitively controlled on and off
(i.e., with the occupancy sensor timeout period Trimeour set to the reduced test mode timeout

period value Ttgst), which could be bothersome to the user while the user is testing the operation of
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the occupancy sensor. In addition, power is not needlessly consumed by the transmission of digital

messages during the test mode.

[0041] According to the first embodiment of the present invention, the occupancy sensor 120
may be releasably attached to the drop ceiling panel 250, such that the occupancy sensor is
repositionable on the drop ceiling panel or another drop ceiling panel. The occupancy sensor 120
comprises a releasable mounting means (e.g., a mounting structure 230) that enables the sensor to be
releasably and permanently mounted to the drop ceiling panel 250. The mounting structure 230
allows the occupancy sensor 120 to be temporarily attached to the drop ceiling panel 250 without
removal of the drop ceiling panel and without damaging the surface of the drop ceiling panel. The
mounting structure 230 also allows the occupancy sensor 120 to be permanently affixed to the drop
ceiling panel 250 without the use of tools, e.g., by a deformation of the mounting structure.
Therefore, the occupancy sensors 120 are able to be easily fixed in a position on a ceiling and then
released from that position during configuration of the lighting control system 100, such that the

optimum locations of the occupancy sensors may be determined.

[0042] The mounting structure 230 comprises two posts 232 (i.e., legs) that are received
through openings 234 in the mounting plate 216 and extend perpendicularly from a rear surface 236
of the mounting plate. Fig. 4 is a rear perspective view of the mounting plate 216 showing the

posts 232 extending from the rear surface 236. Fig. 5 is a perspective view of the mounting
structure 230. For example, the mounting structure 230 may comprise a single bendable wire (i.¢., a
pliant member) as shown in Fig. 5. The posts 232 may be forced through respective spaced points
on the drop ceiling panel 250 to penetrate the drop ceiling panel (i.c., the drop ceiling panel provides
a penetrable thin flat support sheet structure). The posts 232 each have a small diameter (e.g.,
approximately 0.040 inch) and are appropriately rigid, such that the posts are able to pierce the drop
ceiling panel 250 without creating large aesthetically-displeasing holes in the front surface 252 of the
panel. In other words, the posts 232 allow for non-destructive penetration of the drop ceiling

panel 250 without distortion of the posts. Since the front surface 252 of the drop ceiling panel 250 is
typically textured, the small holes created by the posts 232 are not easily visible. The posts 232 each
have, for example, a length of approximately two inches, such that the posts may extend through the

drop ceiling panel 250 (i.e., from the front surface 252 to the rear surface 254 as shown in Fig. 8).
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Accordingly, when the mounting plate 216 is positioned adjacent the front surface 252 of the drop
ceiling panel 250, the posts 232 extend from the rear surface 254 of the panel for at least

approximately one inch.

[0043] The mounting structure 230 comprises a non-linear central base section, e.g., a
“z-shaped” portion 238, between the two posts 232. Fig. 6 is a front view of the mounting plate 216
showing the “z-shaped” portion 238. The “z-shaped” portion 238 is disposed against an interior
surface 239 of the mounting plate 216 in a plane that is parallel with the rear surface 236 of the
mounting plate. The “z-shaped” portion 238 helps to prevent the posts 232 from rolling to one side
or the other (i.e., from extending in a non-perpendicular direction from the rear surface 236 of the
mounting plate 216). Because the mounting structure 230 does not contact the PCB 212, the

posts 232 are electrically isolated from the electrical circuitry of the occupancy sensor 120.

[0044] The posts 232 are also appropriately ductile, such that they may be manually
deformed (i.e., bent or twisted together) without the use of tools to permanently affix the occupancy
sensor 120 to the drop ceiling panel 250. For example, the mounting structure 230 may comprise
Type 302 stainless steel having a temper of ¥4 hard, an elastic modulus of 193 GPa, and a yield
strength of 517 MPa. To permanently attach the occupancy sensor 120 to the drop ceiling panel 250,
the user can remove the drop ceiling panel 250 and simply deform (i.e., bend) the posts 232 by hand
without the use of tools, such that the drop ceiling panel is captured, and thus permanently affixed,
between the mounting plate 216 and the deformed posts. The posts 232 may be bent towards each
other and twisted together to permanently affix the occupancy sensor 120 to the drop ceiling

panel 250. Fig. 7 is a rear perspective view of the mounting plate 216 showing the posts 232 twisted
together. Fig. 8 is a side cross-sectional view taken through the posts 232 showing how the
occupancy sensor 120 is permanently affixed to the drop ceiling panel 250 when the posts are
twisted together. When twisted together, the posts 232 are adapted to hold their shape under the
pressure created by the electronics assembly of the occupancy sensor 120. Alternatively, the

posts 232 may be bent such that the posts are positioned substantially parallel to the plane of the rear

surface 254 of the drop ceiling panel 250 (e.g., flat against the rear surface of the drop ceiling panel).

[0045] Fig. 9 is a simplified flowchart of a commissioning procedure 260 used during

installation and configuration of the lighting control system 100 according to an embodiment of the
{01112555.1}
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present invention. During the commissioning procedure 260, the occupancy sensor 120 may be
temporarily affixed to the drop ceiling panel 250 by pushing the occupancy sensor against the drop
ceiling panel such that the posts 232 are inserted through the drop ceiling panel at step 262. Since
the occupancy sensor 120 does not have a large weight (e.g., less than approximately 0.25 1bs), the
occupancy sensor is temporarily attached to the drop ceiling panel 250 due to the friction between
the posts 232 and the drop ceiling panel. While the occupancy sensor 120 is temporarily affixed to
the drop ceiling panel 250, the user is able test the operation of the occupancy sensor using the
lights-on test button 220, the lights-off test button 222, and the sensor test button 224 at step 264. If
the location of the occupancy sensor 120 is inadequate at step 266, the user may then remove the
occupancy sensor by gripping the enclosure 122 and pulling the occupancy sensor away from the
ceiling, thus disengaging the posts 232 from the drop ceiling panel 250 at step 268, installing the
occupancy sensor in a new location by inserting the posts through another drop ceiling panel at

step 262, and re-testing the system operation using the lights-on test button 220, the lights-off test
button 222, and the sensor test button 224 at step 264. Since the posts 232 have only a small
diameter, the posts 232 do not create large holes that may be aesthetically displeasing in the drop
ceiling panel 250. When the optimum location of the occupancy sensor 120 is determined at

step 266, the user does not have to remove the occupancy sensor from its position on the drop ceiling
panel 250 to permanently affix the occupancy sensor 120 to the drop ceiling panel. The user can
simply detach the drop ceiling panel 250 from the ceiling at step 270, bend the posts 232 by hand
without the use of tools at step 272 (such that the drop ceiling panel is captured between the
mounting plate 216 and the posts), and then reattach the drop ceiling panel to the ceiling at step 274

[0046] Fig. 10 is a simplified block diagram of the occupancy sensor 120. The occupancy
sensor 120 comprises a controller 310 and an occupancy detector circuit 312, which provides the
controller with an occupancy control signal Vocc representative of whether the space is occupied or
not occupied. The controller 310 receives an ambient light level control signal Vams representative
of the level of ambient light around the occupancy sensor from the ambient light detector 314. A
plurality of actuators 316, which include the mechanical switches 220C, 222C, 224C of the lights-on
test button 220, the lights-off test button 222, and the sensor test button 224, provide user inputs to
the occupancy sensor 120 for use during configuration and installation of the lighting control

system 100 as will be described in greater detail below. The controller 310 is operable to illuminate
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of the visual indicators, i.e., the LEDs 226, to provide feedback to the user during configuration and

installation of the occupancy sensor 120.

[0047] The occupancy sensors 120 are each operable to store in a memory 320 the values of
the various operating characteristics of the lighting control system 100, e.g., the selected occupancy
sensor timeout period value Tsgrectep. The memory 320 may be implemented as an external
integrated circuit (IC) or as an internal circuit of the controller 310. The occupancy sensors 120 also
store the serial number in the memory 320. The serial number may be programmed into the

memory 320, for example, during manufacture of the occupancy sensor 120.

[0048] The occupancy sensor 120 further comprises an RF transmitter 322 coupled to the
controller 310 and an antenna 324. In response to determining an occupancy or a vacancy condition
of the space, the controller 310 causes the RF transmitter 322 to transmit a digital message to the
dimmer switch 110 via the RF signals 106. Each transmitted digital message comprises the serial
number of the occupancy sensor 120 and the appropriate command dependent upon the various
operating characteristics of the occupancy sensor and the magnitudes of the occupancy control

signal Vocc and the ambient light level control signal Vamp. Alternatively, the RF transmitter 322 of
the occupancy sensors 120 and the RF receiver of the dimmer switch 110 could both comprise RF
transceivers to allow for two-way communication between the occupancy sensors and the dimmer

switch.

[0049] The occupancy sensor 120 also comprises two batteries: a first battery V1 and a
second battery V2. The first battery V1 provides a first battery voltage Ve referenced to a first
circuit common, and the second battery V2 provides a second battery voltage Vcca referenced to a
second circuit common. For example, the magnitudes of the first and second battery voltages Vcci,
Veez may be the same, e.g., approximately three (3) volts. The second battery V2 powers only the
occupancy detector circuit 312, while the first battery V1 powers the controller 310, the RF
transmitter 322, and the other circuitry of the occupancy sensor 120. Since the occupancy detector
circuit 312 is powered by a separate battery from the other circuitry, the occupancy detector circuit is
isolated from the noisy circuitry (e.g., the controller 310 and the RF transmitter 322) of the

occupancy sensor 120 without excessive electronic filtering. Accordingly, the amount of noise
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present in the occupancy detector circuit 312 is dramatically reduced without the use of advanced

filters.

[0050] Fig. 11 is a flowchart of a test button procedure 400 executed by the controller 310 of
each occupancy sensor 120 when one of the lights-on test button 220, the lights-off test button 222,
and the sensor test button 224 is pressed at step 410. First, the serial number of the occupancy
sensor 120 is retrieved from the memory 320 at step 412, such that the serial number can be
transmitted in a digital message to the dimmer switch 110 if needed. If the lights-on test button 220
is pressed at step 414, a lights-on message (including the serial number) is transmitted to the dimmer
switch 110 at step 416 and the test button procedure 400 exits. Similarly, if the lights-off test

button 222 is pressed at step 418, a lights-off message (including the serial number) is transmitted to
the dimmer switch 110 at step 420, before the test button procedure 400 exits. If neither the
lights-on test button 220 nor the lights-off test button 222 is being pressed at steps 414 and 418, but
the sensor test button 224 is being pressed at step 422, the controller 310 sets the mode to test mode
at step 424 and sets the occupancy sensor timeout period Triveourt to the test mode timeout period
value Trest at 426. The controller 310 then starts a test mode timeout timer at step 428, before the
test button procedure 400 exits. The controller 310 uses the test mode timeout timer to make sure

that the occupancy sensor 120 does not remain in the test mode indefinitely.

[0051] Fig. 12 is a flowchart of an occupancy detection procedure 500 executed periodically,
e.g., approximately every 50 msec, by the controller 310 of each occupancy sensor 120. As
previously mentioned, the controller 310 uses the occupancy timer to provide some delay before
transitioning the occupancy sensor from the occupied state to the vacant state. Whenever the
controller 310 obtains a detector input that signifies an occupancy condition, the controller initializes
the occupancy timer to the occupancy sensor timeout period Triveout and starts the occupancy timer
counting down. The occupancy sensor timeout period TriveouT Will be equal to the selected timeout
period value TsgrecTep (i€., five to thirty minutes) in the normal mode of operation of the occupancy

sensor 120 and equal to the test mode timeout period value Ttest (i.€., five seconds) in the test mode.

[0052] The occupancy sensor 120 stays in the occupied state as long as the controller 310
receives indications of the occupancy condition from the occupancy detector circuit 312 before the

occupancy timer expires. However, when the occupancy timer expires, the controller 310 changes to
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the vacant state as will be described in greater detail below. In the normal mode of operation, the
lighting load 104 will stay on as long as the occupancy sensor 120 stays in the occupied state. In the
test mode, the occupancy sensor 120 illuminates the lens 124 as long as the occupancy sensor

remains in the occupied state.

[0053] Referring to Fig. 12, the controller 310 first reads the output of the occupancy
detector circuit 312 at step 510, for example, by sampling the occupancy control signal Voce. The
controller 310 then determines if the detector reading signifies an occupancy condition in the space,
for example, by comparing the magnitude of the output voltage of the occupancy detector circuit 312
to the predetermined occupancy voltage threshold. If the detector reading does not signify an
occupancy condition in the space at step 512, the occupancy detection procedure 500 simply exits.
However, if the detector reading signifies the presence of the occupant in the space at step 512 and
the occupancy sensor 120 is presently in the vacant state at step 514, the controller 310 changes to
the occupied state at step 516. At step 518, the controller 310 initializes the occupancy timer to the
occupancy sensor timeout period Ttiveout and starts the occupancy timer (such that the occupancy
timer decreases in value with time). The occupancy sensor timeout period Triveour is equal to the
selected timeout period value TsgLecten When the occupancy sensor 120 is in the normal mode or the
test mode timeout period value Ttgst depending upon on whether the occupancy timer is in the

normal mode or the test mode, respectively.

[0054] If the occupancy sensor 120 is not in the test mode at step 520, the occupancy sensor
operates normally, i.e., to transmit an occupied message to the dimmer switch 110. Specifically, the
controller 310 reads the output of the ambient light detector 314 at step 522. If the value of the
ambient light level is less than the predetermined ambient light level threshold at step 524, the
controller 310 transmits (TX) the occupied-take-action command at step 526. Otherwise, the
controller 310 transmits the occupied-no-action command at step 528 and the occupancy detection

procedure 500 simply exits.

[0055] If the occupancy sensor 120 is in the test mode at step 520, the controller 310 simply
illuminates the LEDs 226 to illuminate the lens 124 at step 532 and the occupancy detection
procedure 500 exits. When the occupancy detection procedure 500 is executed and the occupancy

sensor 120 is in the occupied state at step 514, the controller 310 simply initializes and starts the
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occupancy timer at step 534 before the occupancy detection procedure 500 exits. The occupancy
sensor timeout period Triveour may be equal to the selected timeout period value Tsgrecrep or the
test mode timeout period value Trest depending upon on whether the occupancy sensor 120 is in the

normal mode or the test mode, respectively.

[0056] Fig. 13 is a flowchart of an occupancy timer procedure 600 executed by the
controller 310 of each occupancy sensor 120 when the occupancy timer expires at step 610, i.e.,
when the occupancy sensor has determined that the space is unoccupied. First, the controller 310
changes to the vacant state at step 612. If the occupancy sensor 120 is not in the test mode (i.e., in
the normal mode) at step 614, the controller 310 transmits the vacant command to the dimmer
switch 110 at step 616 before the occupancy timer procedure 600 exits. If the occupancy sensor 120
is in the test mode at step 614, the controller 310 stops illuminating the LEDs 226 to stop

illuminating the lens 124 at step 618 and the occupancy timer procedure 600 exits.

[0057] Fig. 14 is a flowchart of a test mode timeout timer procedure 700 executed by the
controller 310 of each occupancy sensor 120 when the test mode timeout timer expires at step 710.
If the occupancy sensor 120 is in the test mode at step 812, the controller 310 changes to the normal
mode of operation at step 714 and sets the occupancy sensor timeout period Triveour to the selected

timeout period value TserrcTeD at step 716, before the test mode timeout timer procedure 700 exits.

[0058] Fig. 15 is a diagram of an RF lighting control system 800 having an occupancy
sensor 820 according to a second embodiment of the present invention. The occupancy sensor 820
is releasably attached to the metal grid structure 256 that holds up the drop ceiling panels 250.

Fig. 16 is a rear perspective view of the occupancy sensor 820. The occupancy sensor 820
comprises two magnets 850 attached (e.g., glued) to the rear surface 236 of the mounting plate 21 6,
so that the occupancy sensor may be magnetically attached (and thus releasably attached) to the grid
structure 256. The magnets 850 may comprise, for example, rare earth Neodymium-Iron-Boron
magnets, each having a diameter of approximately 0.25 inch and a height of approximately

0.125 inch. The magnets 850 are arranged along a line that runs through the center of the circle
formed by the rear surface 236 of the mounting plate 216, such that approximately one-half of the
occupancy sensor 820 is located on each side of the grid structure 256 to which the occupancy

sensor is attached. Alternatively, the magnets 850 could be positioned inside the occupancy
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sensor 820 (e.g., to the interior surface of the mounting plate 216) or could be molded as part of the
mounting plate. Further, the occupancy sensor 820 could alternatively be coupled to another metal

portion of a ceiling.

[0059] The occupancy sensor 820 of the second embodiment operates in a similar fashion as
the occupancy sensor 120 of the first embodiment. While not shown in Fig. 15, the occupancy
sensor 820 also comprises test buttons (i.c., the lights-on test button 220, the lights-off test

button 222, and the sensor test button 224) that are accessible to a user (e.g., on the front surface 218
or on the sidewalls 215 of the enclosure 122) when the occupancy sensor is attached to the grid
structure 256. Since the occupancy sensor 820 of the second embodiment is releasably mounted to
the grid structure 256, the occupancy sensor may be configured and tested using the commissioning
procedure 260 shown in Fig. 9. The magnets 850 also allow the occupancy sensor 820 to be

permanently mounted to the metal grid structure 256.

[0060] The present invention provides a releasable mounting means for a ceiling-mounted
control device, such as a wireless occupancy sensor, that allows the control device to be temporarily
attached to a drop ceiling panel without removing the drop ceiling panel and without damaging the
drop ceiling panel, and to be permanently affixed to the drop ceiling panel without the use of tools.
The releasable mounting means comprises posts that are small and rigid enough to pierce the drop
ceiling panel without creating large holes in the panel, and are ductile enough to be bent or twisted
together by hand without the use of tools. In addition, the present invention provides a wireless
sensor having buttons that are provided on an outwardly-facing surface of the device and allow a
user to separately test the operation of the wireless communications and the sensor circuitry of the

sensor.

[0061] The present invention has been described with reference to the lighting control
system 100 having a plurality of occupancy sensors 120 (i.e., the dimmer switch 100 is operable to
both turn on and turn off the lighting load 104 in response to the occupancy sensors). However, the
concepts of the present invention can also be applied to a lighting control system having a plurality
of vacancy sensors in which the dimmer switch 110 would not turn on, but would only turn off, the

lighting load 104 in response to the vacancy sensors. In addition, the concepts of the present
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invention could be applied to any ceiling-mountable control device, such as, for example, a

temperature sensor or a daylight sensor.

[0062] Further, even though the present invention has been described with reference to the
dimmer switch 110 for controlling the intensity of the lighting load 104, the concepts of the present
invention could be applied to load control systems comprising other types of load control devices,
such as, for example, fan-speed controls for fan motors, electronic dimming ballasts for fluorescent
loads, and drivers for light-emitting diodes (LEDs). Additionally, the concepts of the present
invention could be used to control other types of electrical loads, such as, for example, fan motors or

motorized window treatments.

[0063] Although the present invention has been described in relation to particular
embodiments thereof, many other variations and modifications and other uses will become apparent
to those skilled in the art. It is preferred, therefore, that the present invention be limited not by the

specific disclosure herein, but only by the appended claims.
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What is claimed is:

CLAIMS

1. A control device for a load control system, the control device adapted to be
mounted to a ceiling panel, the ceiling panel having a substantially-flat front surface and an opposite
rear surface, the control device comprising:

a mounting plate comprising a rear surface adapted to be mounted adjacent to the
front surface of the ceiling panel; and

two posts, each post extending from the rear surface of the mounting plate in a
direction substantially perpendicular to the rear surface of the mounting plate, each post has a small
diameter and is rigid enough to pierce the ceiling panel without creating a large
aesthetically-displeasing hole in the front surface of the ceiling panel;

wherein the control device may be temporarily affixed to the ceiling panel by
inserting the posts through the front surface and the rear surface of the ceiling panel, such that the
posts extend from the rear surface of the ceiling panel, and the control device may be permanently
affixed to the ceiling panel by bending the posts at the rear surface of the panel without the use of a

tool, such that the ceiling panel is captured between the mounting plate and the deformed posts.

2. The control device of claim 1, wherein the two posts are formed from a single

mounting structure and extend through openings in the mounting plate.

3. The control device of claim 2, wherein the mounting structure comprises a
non-linear portion between the two posts, the non-linear portion provided in a plane substantially

parallel to the rear surface of the mounting plate.

4. The control device of claim 3, wherein the non-linear portion prevents the

posts from extending in a non-perpendicular direction from the rear surface of the mounting plate.

5. The control device of claim 3, wherein the non-linear portion comprises a
z-shaped portion.
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6. The control device of claim 1, wherein the posts are made of Type 302
stainless steel having a temper of % hard.
7. The control device of claim 6, wherein the stainless steel has an elastic

modulus of 193 GPa, and a yield strength of 517 MPa.

8. The control device of claim 1, wherein the posts are bent such that the posts

are positioned substantially parallel to the rear surface of the ceiling panel.

9. The control device of claim 8, wherein the posts are bent to be flat against the

rear surface of the ceiling panel.

10.  The control device of claim 1, wherein the two posts are twisted together at

the rear surface of the ceiling panel to permanently affix the control device to the ceiling panel.

11.  The control device of claim 1, wherein each of the posts has a diameter of

approximately 0.040 inch.

12.  The control device of claim 1, wherein each of the posts has a length of

approximately two inches.

13. The control device of claim 1, wherein the control device comprises a wireless
occupancy sensor for detecting an occupancy condition in a space in which the wireless occupancy

sensor is located.

14.  The control device of claim 1, wherein the ceiling panel comprises a drop

ceiling panel.

15. A method of attaching a control device to a ceiling panel having a
substantially-flat front surface and a rear surface, the method comprising the steps of:
providing two posts extending from a rear surface of the control device in a direction

substantially perpendicular to the rear surface of the control device;
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piercing front surface of the ceiling panel with the posts, such that the posts do not
create large aesthetically-displeasing holes in the front surface of the ceiling panel;

temporarily attaching the control device to the front surface of the ceiling panel by
inserting the posts through the front surface and the rear surface of the ceiling panel, such that the
posts extend from the rear surface of the ceiling panel; and

permanently attaching the control device to the front surface of the ceiling panel by
deforming the posts at the rear surface of the ceiling panel without the use of a tool, such that the

ceiling panel is captured between the rear surface of the sensor and the deformed posts.

16.  The method of claim 15, wherein the step of permanently attaching the sensor
to the front surface of the ceiling panel comprises twisting the posts together at the rear surface of

the ceiling panel.

17.  The method of claim 15, wherein the step of permanently attaching the sensor
to the front surface of the ceiling panel comprises bending the posts such that the posts are

positioned substantially parallel to the rear surface of the ceiling panel.

18.  The method of claim 15, further comprising the step of:
testing the operation of the wireless sensor prior to the step of permanently attaching

the sensor to the front surface of the ceiling panel.

19. The method of claim 15, further comprising the step of:

temporarily attaching the sensor to a first ceiling panel;

testing the operation of the wireless sensor while the sensor is temporarily attached to
the first ceiling panel;

detaching the sensor from the first ceiling panel by removing the posts from the first
ceiling panel;

temporarily attaching the sensor to a second ceiling panel;

testing the operation of the wireless sensor while the sensor is temporarily attached to
the second ceiling panel; and

permanently attaching the sensor to the second ceiling panel.
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20.  The method of claim 15, further comprising the step of:

temporarily attaching the sensor to a first position on the front surface of the ceiling
panel;

testing the operation of the wireless sensor while the sensor is temporarily attached to
the first position on the front surface of the ceiling panel;

detaching the sensor from the first position on the ceiling panel by removing the posts
from the ceiling panel;

temporarily attaching the sensor to a second position on the front surface of the
ceiling panel;

testing the operation of the wireless sensor while the sensor is temporarily attached to
the second position on the front surface of the ceiling panel; and

permanently attaching the sensor to the second position on the front surface of the

ceiling panel.

21. An electronics assembly comprising:

an electronics housing;

an adapter plate releasably coupled to said electronics housing; and

a single bendable wire received by said adapter plate, said bendable wire adapted to
be manually bent to hold its bent shape under the pressure created by the weight of said electronics
housing, said bendable wire comprising a central base section disposed against an interior surface of
said adapter plate and first and second parallel legs extending from opposite ends of said central base
section and bent perpendicular to the plane of said interior surface of said adapter plate and
extending through said adapter plate, said legs being shaped to be able to penetrate the thickness of a
support panel without bending and being manually bendable behind said panel in order to bind said

adapter plate flat against said panel.

22. The assembly of claim 21, wherein said electronics housing contains a

wireless battery-powered occupancy sensor.

23. The assembly of claim 22, wherein said wire is electrically isolated from all

electrical circuitry within said electronics housing.
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24.  The assembly of claim 21, wherein said wire has a circular cross-section.
25.  The assembly of claim 24, wherein said wire has a diameter of about
0.40 inch.
26.  The assembly of claim 21, wherein said wire is stainless steel.

27.  The assembly of claim 21, wherein said base of said wire is bent to a Z-shape

which lies in a plane parallel to the plane of said interior surface of said adapter plate.

28. The assembly of claim 21, wherein the ends of said legs are bent toward one

another and are twisted together.

29. A process of affixing an electronic device housing to a ceiling, said process
comprising the steps of:

inserting parallel, spaced legs of a single wire through openings in a flat adapter plate
until a base portion of said wire is pressed flat against one surface of said adapter plate;

forcing said spaced legs of said wire through respective spaced points on a surface of
a ceiling panel;

manually bending said legs against an opposite surface of said ceiling panel to press
and hold said adapter plate against said one surface of said panel; and

removably connecting said electronic device housing to said adapter plate.

30.  The process of claim 29, wherein the ends of said spaced legs are twisted

together to fix said adapter plate against said surface of said ceiling panel.

31.  The process of claim 30, wherein said electronic device is a battery-operated
occupancy sensor, which is repositionable on said ceiling panel by removing said wire legs from said
panel and repenetrating said panel with said legs at a different location until a desirable result is

obtained for said occupancy sensor.
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32. A mounting structure for mounting an electrical device to a penetrable thin
flat support sheet structure having a front and a rear surface, said electrical device comprising a main
housing containing electrical circuitry and a planar mounting plate removably connectable to said
main housing, said mounting structure comprising:

a pliant member having a central base portion and first and second parallel legs
extending from opposite ends of said central base portion, said central base portion being positioned
adjacent to and against a rear surface of said mounting plate with said legs extending through said
mounting plate and away from said main housing, the free ends of said first and second legs being
shaped to enable non-destructive penetration of said flat support sheet at spaced locations without
distortion said legs, said legs being manually deformable behind said rear surface of said thin flat
sheet structure after penetration of said thin flat sheet structure to attach said mounting plate to said

front surface of said thin flat sheet structure.

33.  The mounting structure of claim 32, wherein said pliant member is a thin steel

wire.

34.  The mounting structure of claim 33, wherein said central base of said pliant

member has a Z-shape lying in the plane of said rear surface of said mounting plate.

35.  The mounting structure of claim 35, wherein said legs are secured together
after penetration of said thin flat sheet structure by twisting behind said rear surface of said thin flat

sheet structure.

36. The mounting structure of claim 35, wherein said thin flat sheet structure is a

ceiling tile panel.

37.  The mounting structure of claim 35, wherein said electrical circuitry is a
battery operated occupancy sensor and wherein said pliant member is electrically isolated from said

electrical circuitry.
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38.  An occupancy sensor for detecting the presence or absence of an occupant in a
space, the occupancy sensor adapted to be mounted to a surface, the occupancy sensor for use in a
lighting control system for control of the amount of power delivered to an electrical load in response
to detecting the presence or absence of the occupant in the space, the occupancy sensor comprising:

an occupancy detector circuit for detecting the presence or absence of the occupant in
the space;

a controller responsive to the occupancy detector circuit and operable to change to an
occupied state in response to the occupancy detector circuit detecting the presence of the occupant in
the space in response to the occupancy detector circuit, the controller further operable to change to a
vacant state at the end of a timeout period after the occupancy detector circuit detecting the absence
of the occupant in the space, the timeout period having a first value in a normal mode of operation of
the sensor;

a wireless transmitter coupled to the controller for transmitting digital messages when
the controller changes between the occupied and vacant states;

an enclosure having an outwardly-facing surface and sidewalls, the enclosure housing
the occupancy detector circuit, the controller, and the wireless transmitter;

a mounting plate comprising a rear surface adapted to be mounted adjacent to the
surface, the mounting plate positioned at an end of the enclosure opposite the outwardly-facing
portion; and

a magnet attached to the mounting plate, such that the occupancy sensor may be

magnetically attached to the surface.

39.  The sensor of claim 38, wherein the magnet is attached to the rear surface of

the mounting plate.

40.  The sensor of claim 38, wherein the magnet is attached to an interior surface

of the mounting plate.
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