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1
BATTERY-POWERED OCCUPANCY SENSOR

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

RELATED APPLICATIONS

This application 1s a continuation-in-part of commonly-
assigned, co-pending U.S. patent application Ser. No.

12/203,500, filed Sep. 3, 2008, entitled BATTERY-POW-
ERED OCCUPANCY SENSOR, the entire disclosure of
which 1s hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to occupancy and vacancy
sensors for detecting an occupancy or a vacancy in a space,
and more particularly, to a wireless load control system
including a plurality of battery-powered occupancy or
vacancy sensors for detecting an occupancy or a vacancy in
a space, and a load control device for controlling the amount
of power delivered to an electrical load in response to the
occupancy or vacancy Sensors.

2. Description of the Related Art

Occupancy and vacancy sensors are often used to detect
occupancy and/or vacancy conditions 1n a space 1n 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 pres-
ence ol a user 1n the space (1.e., an occupancy event) and
then to turn ofl the lighting load when the occupancy sensor
detects that the user has lett the space (1.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., 1n response to a manual
actuation of a control actuator).

Occupancy and vacancy sensors have oiten been provided
in wall-mounted load control devices that are coupled
between an alternating-current (AC) power source and an
clectrical load for control of the amount of power delivered
to the electrical load. Such wall-mounted load control
devices typically comprise internal detectors, such as, for
example, a pyroelectric infrared (PIR) detector, and a lens
for directing energy to the PIR detector for detecting the
presence of the user in the space. However, since the
wall-mounted load control devices are mounted to a wall in
a standard electrical wallbox (i.e., replacing a standard light
switch), the detection of energy by the PIR detector may be
hindered due to the direction that the load control device 1s
facing and by obstacles in the space, thus increasing the
likelihood that the load control device may not detect the
presence of a user.

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 1s typically
a low-voltage control link, these occupancy and vacancy
sensors are not required to be mounted 1n electrical wall-
boxes, but may be mounted to the ceiling or high on a wall.
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Therefore, the occupancy and vacancy sensors may be
positioned optimally to detect the presence of the user 1n all

areas ol the space. However, these prior art lighting control
systems require advanced system components and configu-
ration procedures 1n order to operate properly.

Thus, there 1s a need for a simple lighting control system
that has occupancy or vacancy sensors which may be easily
and optimally installed into a space.

SUMMARY OF THE INVENTION

According to a first embodiment of the present invention,
a load control system for controlling the amount of power
delivered from an AC power source to an electrical load 1n
a space 1n response to detecting the presence or absence of
an occupant in the space comprises a load control device, an
occupancy sensor, and a visual indicator for providing a
visual indication when the magnitude of a battery voltage of
a battery of the occupancy sensor has dropped below a
predetermined low-battery voltage threshold. The load con-
trol device 1s adapted to be coupled in series electrical
connection between the AC power source and the electrical
load for control of the amount of power delivered to the
clectrical load. The load control device receives wireless
control signals and controls the amount of power delivered
to the electrical load 1n response to the wireless control
signals. The occupancy sensor comprises a controller, an
occupancy detector circuit for detecting the presence or
absence of the occupant in the space, and a wireless trans-
mitter for transmitting a first wireless control signal to the
load control device 1n response to the occupancy detector
circuit detecting the presence of the occupant 1n the space.
The load control device enables the delivery of power to the
clectrical load 1n response to the first wireless control signal.
The controller monitors the magnitude of the battery voltage
of the battery, which powers the controller and the wireless
transmitter, and causes the visual indicator to provide the
visual indication when the magnitude of the battery voltage
has dropped below the predetermined low-battery voltage
threshold.

According to another embodiment of the present inven-
tion, a wireless occupancy sensor for detecting the presence
or absence of an occupant 1n a space, the sensor comprises:
(1) a detector circuit for detecting the presence or absence of
the occupant 1n the space; (2) a controller coupled to the
detector circuit, such that the controller 1s responsive to the
detector circuit; (3) a wireless transmitter coupled to the
controller for transmitting wireless signals; (4) a visual
indicator coupled to the controller, such that the controller 1s
operable to controllably i1lluminate the visual indicator; and
(5) a battery for producing a battery voltage for powering the
detector circuit, the controller, the wireless transmitter, and
the visual indicator. The controller momitors the magnitude
of the battery voltage of the battery, transmits wireless
signals 1n response to the detector circuit detecting the
presence of the occupant 1n the space 1f the magnitude of the
battery voltage 1s greater than or equal to a predetermined
low-battery voltage threshold, and illuminates the visual
indicator 1n response to the detector circuit detecting the
presence of the occupant 1n the space 11 the magnitude of the
battery voltage 1s less than the predetermined low-battery
voltage threshold.

In addition, a method of controlling the amount of power
delivered from an AC power source to an electrical load
located 1n a space 1s described herein. The method comprises
the steps of: (1) providing an occupancy sensor having a first
battery, a controller, an occupancy detector circuit, and a




US RE47,511 E

3

wireless transmitter; (2) powering the controller and the
wireless transmitter with the first battery; (3) detecting the
presence ol an occupant in the space; (4) transmitting a first
wireless signal 1n response to the step of detecting the
presence of an occupant in the space in the space; (5)
monitoring the magnitude of a first battery voltage of the
first battery; (6) determining that the magnitude of the first
battery voltage has dropped below a predetermined low-
battery voltage threshold; and (7) providing a visual indi-
cation 1n response to determining that the magnitude of the
battery voltage has dropped below the predetermined low-
battery voltage threshold.

Other features and advantages of the present ivention
will become apparent from the following description of the
invention that refers to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a simple diagram of a radio-frequency (RF)
lighting control system having a dimmer switch and remote
occupancy sensors for control of the amount of power
delivered to a lighting load according to a first embodiment
of the present invention;

FIG. 1B 1s a simplified state diagram illustrating the
operation of one of the occupancy sensors of the RF lighting
control system of FIG. 1A;

FIG. 1C 1s a simplified state diagram 1llustrating the state
of a failsafe timer of the dimmer switch of the RF lighting
control system of FIG. 1A;

FIG. 1D 1s a simplified state diagram 1llustrating how the
dimmer switch of the RF lighting control system of FIG. 1A
controls the lighting load;

FIG. 2A 1s a simplified block diagram of the dimmer
switch of the RF lighting control system of FIG. 1A;

FIG. 2B 1s a simplified block diagram of one of the remote
occupancy sensors of the RF lighting control system of FIG.
1A;

FIG. 3 1s a simplified circuit diagram of an occupancy
detector circuit of the occupancy sensor of FIG. 2B;

FIG. 4A 1s a front exploded perspective view of the
occupancy sensor of FIG. 2B;

FIG. 4B 1s a rear exploded perspective view of the
occupancy sensor of FIG. 2B;

FIG. 4C 1s a perspective view ol a multi-functional
structure of the occupancy sensor of FIG. 2B;

FI1G. 4D 1s a rear perspective view of a base portion of the
occupancy sensor of FIG. 2B with batteries removed;

FI1G. 5 15 a flowchart of a rear actuator procedure executed
by a controller of the occupancy sensor of FIG. 2B when an
actuator on a rear surface of the base portion of FIG. 4D 1s
pressed;

FIGS. 6A and 6B 1s a simplified flowchart of a dimmer
actuator procedure executed by a controller of the dimmer
switch of FIG. 2A;

FIG. 7 1s a simplified flowchart of an assignment proce-
dure executed by the controller of the dimmer switch of FIG.
2A;

FIG. 8 1s a flowchart of an occupancy detection procedure
executed periodically by the controller of the occupancy
sensor of FIG. 2B according to the first embodiment of the
present mvention;

FIG. 9 1s a flowchart of a transmission timer procedure
executed by the controller of the occupancy sensor of FIG.
2B according to the first embodiment of the present inven-
tion;
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FIG. 10 1s a flowchart of an occupancy timer procedure
executed by the controller of the occupancy sensor of FIG.

2B according to the first embodiment of the present inven-
tion;

FIG. 11A 1s a flowchart of a recetved message procedure
executed by the controller of the dimmer switch of FIG. 2A
according to the first embodiment of the present invention;

FIG. 11B 1s a simplified flowchart of a failsafe timer
procedure executed by the controller according to the first
embodiment of the present invention;

FIG. 12A 1s a simplified flowchart of an occupancy
detection procedure according to a second embodiment of
the present invention;

FIG. 12B 1s a simplified flowchart of an occupancy timer
procedure according to the second embodiment of the pres-
ent 1nvention;

FIG. 13 1s a flowchart of an occupancy detection proce-
dure executed periodically by the controller of the occu-
pancy sensor of FIG. 2B according to a third embodiment of
the present invention;

FIG. 14 1s a flowchart of a transmission procedure
executed by the controller of the occupancy sensor of FIG.
2B according to the third embodiment of the present inven-
tion;

FIG. 15 1s a flowchart of a received message procedure
executed by the controller of the dimmer switch of FIG. 2A
according to the third embodiment of the present invention;

FIG. 16 1s a flowchart of an occupancy timer procedure
executed by the controller of the dimmer switch of FIG. 2A
according to the third embodiment of the present invention;

FIG. 17A 1s a simplified block diagram of a lighting
control system having a dimmer switch, remote occupancy
sensors, and a remote control for controlling the amount of
power delivered to a lighting load according to a fourth
embodiment of the present invention;

FIG. 17B 1s a simplified state diagram illustrating how the
dimmer switch of the RF lighting control system of FIG.
17A controls the lighting load;

FIG. 17C 1s a simplified state diagram illustrating the state
of a failsafe timer of one of the occupancy sensors of the RF
lighting control system of FIG. 17A; and

FIG. 18 1s a simplified schematic diagram of an occu-
pancy detector circuit 232" according to a fifth embodiment
of the present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The foregoing summary, as well as the following detailed
description of the preferred embodiments, 1s better under-
stood when read in conjunction with the appended drawings.
For the purposes of illustrating the invention, there 1s shown
in the drawings an embodiment that 1s presently preferred,
in which like numerals represent similar parts throughout the
several views of the drawings, 1t being understood, however,
that the invention 1s not limited to the specific methods and
instrumentalities disclosed.

FIG. 1A 1s 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 inira-
red sensors). The dimmer switch 110 1s adapted to be
coupled 1n 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
clectrical wallbox. Alternatively, the dimmer switch 110
could be implemented as a table-top load control device. The
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dimmer switch 110 comprises a faceplate 112 and a bezel
113 received 1n an opening of the faceplate. The dimmer
switch 110 further comprises a toggle actuator 114, 1.e., a
button, and an mtensity adjustment actuator 116. Actuations
of the toggle actuator 114 toggle, 1.e., turn off and on, the
lighting load 104. Actuations of an upper portion 116A or a
lower portion 1168 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 104 from a
mimmum intensity (e.g., 1%) to a maximum intensity (e.g.,
100%). A plurality of wvisual indicators 118, e.g., light-
emitting diodes (LEDs), are arranged 1n a linear array on the
left side of the bezel 113. The visual indicators 118 are
illuminated to provide feedback of the intensity of the
lighting load 104. An example of a dimmer switch having a
toggle actuator 114 and an 1ntensity adjustment actuator 116
1s described in greater detail 1n U.S. Pat. No. 5,248,919,
issued Sep. 29, 1993, entitled LIGHTING CONTROL
DEVICE, the entire disclosure of which 1s hereby incorpo-
rated by reference.

The remote occupancy sensors 120 are removably mount-
able to a ceiling or a wall, for example, 1n the vicinity of (i.e.,
a space around) the lighting load 104 controlled by the
dimmer switch 110, and are operable to detect an occupancy
condition (1.e., the presence of an occupant) or a vacancy
condition (1.e., the absence of an occupant) in the vicinity of
the lighting load. The occupancy sensors 120 may be spaced
apart to detect occupancy conditions 1n different areas of the
vicinity of the lighting load 104. The remote occupancy
sensors 120 each include an internal detector, e.g., a pyro-
clectric mifrared (PIR) detector 310 (FIG. 3), which 1s
housed 1n an enclosure 122 and will be described in greater
detail below. The enclosure 122 comprises a lens 124 (e.g.,
an outwardly domed lens) provided in a front surface 125 of
the enclosure 122. The internal detector 1s operable to
receive indrared energy from an occupant 1n the space via the
lens 124 to thus sense the occupancy condition 1n the space.
The occupancy sensors 120 are operable to process the
output of the PIR detector 310 to determine whether an
occupancy condition or a vacancy condition 1s presently
occurring 1n the space, for example, by comparing the output
of the PIR detector 310 to a predetermined occupancy
voltage threshold. Alternatively, the internal detector could
comprise an ultrasonic detector, a microwave detector, or
any combination of PIR detectors, ultrasonic detectors, and
microwave detectors.

FIG. 1B 1s a simplified state diagram illustrating the
operation ol the occupancy sensors 120 of the RF lighting
control system 100. The occupancy sensors 120 each operate
in an “occupied” state or a “vacant” state 1n response to the
detections of occupancy or vacancy conditions, respectively,
in the space. If one of the occupancy sensors 120 1s 1n the
vacant state and the occupancy sensor determines that the
space 1s occupied 1n response to the PIR detector 310, the
occupancy sensor changes to the occupied state.

During a setup procedure of the RF lighting control
system 100, the dimmer switch 110 may be assigned to (1.e.,
associated with) one or more remote occupancy sensors 120.
The remote occupancy sensors 120 transmit digital mes-
sages wirelessly via RF signals 106 to the dimmer switch
110 1n response to the present state of the occupancy sensors.
A message transmitted by the remote occupancy sensors 120
may include a command and indentifying information, for
example, a 32-bit serial number (1.e., a unique identifier)
associated with the transmitting occupancy sensor. The
dimmer switch 110 1s responsive to messages containing the
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serial numbers of the remote occupancy sensors 120 to
which the dimmer switch 1s assigned.

The commands 1ncluded 1n the digital messages transmit-
ted 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 1s off, the dimmer switch 110 1s
operable to turn on the lighting load 1n response to receiving
a first occupied-take-action command from any one of the
occupancy sensors 120. The dimmer switch 110 1s operable
to turn off the lighting load 104 1n 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, 11 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.

Each occupancy sensor 120 also comprises an ambient
light detector 234 (FIG. 2B), 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 1s first detected. The ambient
light level 1s compared to a predetermined ambient light
level threshold. If the measured ambient light level is less
than the predetermined level when an occupancy condition
1s first detected by one of the occupancy sensors 120, the
occupancy sensor transmits the occupied-take-action com-
mand to the dimmer switch 110. On the other hand, if the
measured ambient light level 1s greater than the predeter-
mined level when an occupancy condition 1s first detected,
the occupancy sensor 120 transmits the occupied-no-action
command to the dimmer switch 110. Accordingly, the dim-
mer switch 110 does not turn on the lighting load 104 11 the
ambient light level 1n the space 1s sufliciently high.

While one of the occupancy sensors 120 continues to
detect the occupancy condition in the space (i.e., a continued
occupancy condition), the occupancy sensor regularly trans-
mits the occupied-no-action command to the dimmer switch
110, such that the dimmer switch knows that the occupancy
sensor 120 1s still 1n the occupied state. In response to
receiving the occupied-no-action command, the dimmer
switch 110 either maintains the lighting load 104 on (e.g., 1f
an occupied-take-action command was previously received)
or maintains the lighting load off.

The occupancy sensors 120 are each characterized by a
predetermined occupancy sensor timeout period T, o7 7
which provides some delay 1n the adjustment of the state of
the occupancy sensor, specifically, in the transition from the
occupied state to the vacant state. The predetermined occu-
pancy sensor timeout period T ., o7 may be user-select-
able ranging, for example, from five to thirty minutes. Each
occupancy sensor 120 will not transmit a vacant command
until the occupancy sensor timeout period T, -7 has
expired. Each occupancy sensor 120 maintain 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
determining an occupancy condition (as shown by “Restart
Timer” in the state diagram of FIG. 1B). Accordingly, the
occupancy sensors 120 do not change to the vacant state, and
the lighting load 104 1s not turned ofl, 1n response to brief
periods of a lack of movement of the occupant 1in the space.
If the occupancy sensor 120 fails to continue detecting the
occupancy conditions, the occupancy sensor 120 waits for
the length of the occupancy sensor timeout period T4 =07
(as shown by “Wait” 1n the state diagram of FIG. 1B). After




US RE47,511 E

7

the occupancy timer expires, the occupancy sensor 120
changes to the vacant state and transmits a vacant command
to the dimmer switch 110 (as shown by “Timeout” in the
state diagram of FIG. 1B).

If the dimmer switch 110 does not receive a digital
message from any of the occupancy sensors 120 for a
tailsate timeout period T.,,; ¢,z the dimmer switch 110

assumes that all of the occupancy sensors are 1n the vacant
state and turns ofl the lighting load 104. To accomplish this
control, the dimmer switch 110 maintains a failsate timer.
FIG. 1C 1s a simplified state diagram 1llustrating the state of
the failsate timer of the dimmer switch 110. The failsafe
timer 1s started when the lighting load 104 1s controlled from
oll to one and at least one occupancy sensor 120 1s assigned
to the dimmer switch 110. If there are not any occupancy
sensors 120 assigned to the dimmer switch 110 when the
lighting load 104 1s turned on, the failsafe timer i1s not
started. The failsafe timer 1s reset to the value of the failsafe
timeout period 1., <,z 10 response to receiving a digital
message from any of the OccUpancy Sensors 120 assigned to
the dimmer switch 110 or 1n response to actuations of any
the dimmer actuators (which do not cause the hgh‘[mg load
104 to be turned ofl). When the failsafe timer expires, the
dimmer switch 110 assumes that all of the occupancy
sensors are 1n the vacant state and turns off the lighting load
104. The failsafe timer 1s stopped whenever the lighting load
104 1s turned off (i1.e., when vacant commands are received
from all occupancy sensors 120, when one of the dimmer
actuators 1s actuated to turn ofl the lighting load, or when the
failsate timer expires).

The dimmer switch 110 controls the lighting load 104 in
response to the received digital messages as well as actua-
tions of the dimmer actuators (i.e., toggle actuator 114 and
the 1intensity adjustment actuator 116) and the failsafe timer.
FIG. 1D 1s a simplified state diagram illustrating how the
dimmer switch 110 controls the state of the lighting load 104
(1.e., between on and off). The dimmer switch 110 does not
control the mtensity of the lighting load 104 1n response to
the occupied-no-action commands. The dimmer switch 110
turns on the lighting load 104 when the first occupied-take-
action command 1s received or when one of the dimmer
actuators 1s actuated to turn on the lighting load. Further, the
dimmer switch 110 turns off the lighting load 104 when the
last vacant command 1s recerved from the occupancy sensors
120, when one of the dimmer actuators 1s actuated to turn off
the lighting load, or when the failsafe timer expires.

FIG. 2A 1s a simplified block diagram of the dimmer
switch 110. The dimmer switch 110 comprises a controllably
conductive device 210 coupled 1n series electrical connec-
tion between the AC power source 102 and the lighting load
104 for control of the power delivered to the lighting load.
The controllably conductive device 210 may comprise any
suitable type of bidirectional semiconductor switch, such as,
for example, a trniac, a field-effect transistor (FET) 1 a
rectifier bridge, or two FETs 1n anti-series connection. The
controllably conductive device 210 includes a control 1input
coupled to a drive circuit 212. The input to the control input
will render the controllably conductive device 210 conduc-
tive or non-conductive, which in turn controls the power
supplied to the lighting load 104.

The drnive circuit 212 provides control inputs to the
controllably conductive device 210 1n response to command
signals from a controller 214. The controller 214 1s prefer-
ably implemented as a microcontroller, but may be any
suitable processing device, such as a programmable logic
device (PLD), a microprocessor, or an application specific
integrated circuit (ASIC). The controller 214 receives inputs
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from the toggle actuator 114 and the intensity adjustment
actuator 116 and controls the status indicators 118. The
controller 214 1s also coupled to a memory 216 for storage
of the preset intensity of lighting load 104 and the serial
number of the occupancy sensor 120 to which the dimmer
switch 110 1s assigned. The memory 216 may be imple-
mented as an external integrated circuit (IC) or as an internal
circuit of the controller 214. A power supply 218 generates
a direct-current (DC) voltage V .. tor powering the control-
ler 214, the memory 216, and other low-voltage circuitry of
the dimmer switch 110.

A zero-crossing detector 220 determines the zero-cross-
ings of the mput AC waveform from the AC power supply
102. A zero-crossing 1s defined as the time at which the AC
supply voltage transitions from positive to negative polarity,
or from negative to positive polarity, at the beginning of
cach half-cycle. The zero-crossing imnformation 1s provided
as an mnput to controller 214. The controller 214 provides the
control mputs to the drive circuit 212 to operate the con-
trollably conductive device 210 (i.e., to provide voltage
from the AC power supply 102 to the lighting load 104) at
predetermined times relative to the zero-crossing points of
the AC waveform.

The dimmer switch 110 turther comprises an RF receiver
222 and an antenna 224 for receiving the RF signals 106
from the occupancy sensor 120. The controller 214 1is
operable to control the controllably conductive device 210 1n
response to the messages recerved via the RF signals 106.
Examples of the antenna 224 for wall-mounted dimmer
switches, such as the dimmer switch 110, are described 1n

greater detail in U.S. Pat. No. 5,982,103. i1ssued Nov. 9,
1999, and U.S. patent application Ser. No. 10/873,033, filed
Jun. 21, 2006, both entitled COMPACT RADIO FRE-
QUENCY  TRANSMITTING AND  RECEIVING
ANTENNA AND CONTROL DEVICE EMPLOYING
SAME. The entire disclosures of both are hereby incorpo-
rated by reference.

FIG. 2B 1s a ssmplified block diagram of one of the remote
occupancy sensors 120. The remote occupancy sensor 120
comprises a controller 230 and an occupancy detector circuit
232, which provides the controller with an occupancy con-
trol signal V.. representative of whether the space is
occupied or not. The controller 230 receives an ambient light
level control signal V ,, representative of the level of
ambient light around the occupancy sensor from the ambient
light detector 234. A plurality of actuators 236 provide user
inputs to the occupancy sensor 120 for use during configu-
ration and 1nstallation of the lighting control system 100 as
will be described in greater detail below. The controller 230
1s operable to 1lluminate a plurality of visual indicators 238,
¢.g., light-emitting diodes (LEDs), to provide feedback to
the user during configuration and installation of the occu-
pancy sensor 120.

According to a first embodiment of the present invention,
the occupancy sensors 120 are each operable to store 1 a
memory 240 the values of the various operating character-
1stics of the lighting control system 100, e.g., the occupancy
voltage threshold, the ambient light level threshold, and the
occupancy sensor timeout period T, z0or 1The memory
240 may be implemented as an external integrated circuit
(IC) or as an 1nternal circuit of the controller 230. To adjust
the values of the operating characteristics, the user must
access the occupancy sensor 120 to actuate the actuators
236. The occupancy sensors 120 use the operating charac-
teristics to change between the occupied state and the vacant
state as will be described in greater detail below. The
occupancy sensors 120 also store the serial number in the
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memory 240. The serial number may be programmed into
the memory 240, for example, during manufacture of the
occupancy sensor 120.

The remote occupancy sensor 120 further comprises an
RF transmitter 242 coupled to the controller 230 and an
antenna 244. In response to determining an occupancy or a
vacancy condition of the space, the controller 230 causes the
RF transmitter 242 to transmit a digital message to the
dimmer switch 110 via the RF signals 106. Each transmaitted
message comprises the serial number of the remote occu-
pancy sensor 120 and the appropriate command dependent
upon the various operating characteristics of the occupancy
sensor and the magmitudes of the occupancy control signal
Ve and the ambient light level control signal V , ..
Alternatively, the RF transmitter 242 of the occupancy
sensors 120 and the RF recerver 222 of the dimmer switch
110 could both comprise RF transceivers to allow for
two-way communication between the occupancy sensors
and the dimmer switch.

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 V .-, referenced to a first
circuit common, and the second battery V2 provides a
second battery voltage V ., referenced to a second circuit
common. For example, the magnitudes of the first and
second battery voltages V ~,, V-~, may be the same, e¢.g.,
approximately 3 volts. The second battery V2 powers only
the occupancy detector circuit 232, while the first battery V1
powers the controller 230, the RF transmitter 242, and the
other circuitry of the occupancy sensor 120. Since the
occupancy detector circuit 232 1s powered by a separate
battery from the other circuitry, the occupancy detector
circuit 1s 1solated from the noisy circuitry (e.g., the controller
230 and the RF transmitter 242) of the occupancy sensor 120
without excessive electronic filtering. Accordingly, the
amount ol noise present 1n the occupancy detector circuit
232 1s dramatically reduced without the use of advanced
filters.

The magnitude of the current drawn by the occupancy
detector circuit 232 1s approximately equal to the magnitude
of the total current drawn by the other circuitry of the
occupancy sensor 120. For example, the magnitude of the
average current drawn from each of the batteries V1, V2 1s
less than approximately 7 pA. The controller 230 1s operable
to monitor the magnitude of the first battery voltage V -, of
the first battery V1 and to operate i a low-battery mode
when the magnitude of the first battery voltage V ., drops
below a predetermined low-battery voltage threshold V, .-
Specifically, the controller 230 transmits a digital message
representative of a low-battery condition to the dimmer
switch 110 when the magnitude of the first battery voltage
V-~ drops below a predetermined low-battery voltage
threshold V,,,. The predetermined low-battery voltage
threshold V; ,,;- may be approximately equal to the lowest
voltage able to sufliciently power the low-voltage circuitry
of the occupancy sensor 120 (e.g., approximately 2.6 V for
a 3.3V-microprocessor). In response to receiving the low-
battery digital message, the dimmer switch 110 may, for
example, blink one or more of the visual indicators 118 to
indicate that the batteries V1, V2 are low. Since magnitudes
of the currents drawn from the batteries V1, V2 are approxi-
mately the same, the dimmer switch 110 assumes that the
magnitudes of the first and second battery voltages V .-,
V -~ are decreasing in a similar fashion. Additionally, the
dimmer switch 110 may disable the failsafe timer 1in
response to receiving the low-battery digital message, such
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that the dimmer switch does not turn off the lighting load
104 at the end of the failsate time period T, ,; ¢, 7z

FIG. 3 1s a simplified circuit diagram of the occupancy
detector circuit 232. The occupancy detector circuit 232
includes the PIR detector 310, which may comprise, for
example, part number LHi11128 manufactured by Perki-
nElmer, Inc. The PIR detector 310 receives power from the
second battery V2 via a low-pass filter comprising a resistor
R312 and a capacitor C314, which operate to minimize the
noise mtroduced to the occupancy detector circuit 232 from
the second battery V2. For example, the resistor R312 may
have a resistance of 22€2, and the capacitor C314 may have
a capacitance of 0.01 uF. The PIR detector 310 generates an
output signal characterized by a low {requency (e.g.,
approximately 0.3 Hz to 8 Hz) and representative of the
change 1n infrared energy detected by the PIR detector 310.
These changes 1n infrared energy are typically representative
of the occupant moving 1n the space.

The output of the PIR detector 310 1s pulled down towards
the second circuit common by a resistor R315 (e.g., having
a resistance of 1 ME2) and 1s coupled to a four-stage
amplifier circuit via a capacitor C316 (e.g., having a capaci-
tance of 1 uF) and a resistor R318 (e.g., having a resistance
of 10 k€2). The first stage of the amplifier circuit comprises
an operational amplifier (OP amp) U320 and has a gain of
approximately 70. A non-inverting input of the OP amp
U320 1s coupled to the second circuit common via a capaci-
tor C322 (e.g., having a capacitance of 0.01 uF). Two
resistors R324, R325 are connected 1n series between the
second battery voltage V .-, and the second circuit common
and both have, for example, resistances of 1 ME2. The
non-inverting input of the OP amp U320 1s coupled to the
junction of the resistors R324, R325 via a resistor R326
(e.g., having a resistance of 1 M£2). The series-combination
of a resistor R328 (e.g., having a resistance of 14.3 k€2) and
a capacitor C330 (e.g., having a capacitance of 100 uF) 1s
coupled between the mverting input of the OP amp U320
and the second circuit common. A capacitor C332 is coupled
in parallel with the capacitor C330 and has, for example, a
capacitance of 0.1 uF. The parallel-combination of a resistor
R334 and a capacitor C335 1s coupled between the mverting
input and the output of the OP amp U320.

The output of the OP amp U320 1s coupled to the
non-inverting mput of a second OP amp U336 via two
resistors R338, R340 (e.g., having resistances of 118 k€2 and
845 k€2, respectively). The inverting input of the second OP
amp U336 1s coupled to the output of the OP amp, such that
the second OP amp operates as a buller (1.e., forming the
second stage of the amplifier circuit). The non-inverting
input 1s coupled to the second circuit common through a
capacitor C342 (e.g., having a capacitance of 0.01 uF). The
junction of the two resistors R338, R340 1s coupled to the
output of the OP amp U336 via a capacitor C344 (e.g.,
having a capacitance of 0.047 uF).

The third and fourth stages of the amplifier circuit of the
occupancy detector circuit 232 are similar to the first and
second stages. respectively. The third stage comprises a third
OP amp U320' and also has a gain of approximately 70. The
output of the second OP amp U336 is connected to the
non-inverting input of the third OP amp U320 via a resistor
R346 (e.g., having a resistance of 1 ME2).

The fourth stage comprises a fourth OP amp U336', which
also operates as a bufler. Thus, the total gain of the occu-
pancy detector circuit 232 1s approximately 4900. The
output of the fourth OP amp U336' 1s used to generate the
occupancy control signal V.~ which 1s provided to an
occupancy control signal mput (e.g., an analog input) of the
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controller 230. Two resistors R350, R352 are connected in
series between the second battery voltage V., and the
second circuit common and both have, for example, resis-
tances of 1 ME2. A capacitor C354 1s coupled between the
output of the fourth OP amp U320' and the junction of the
two resistors R350, R352, and has, for example, a capaci-
tance of 1 uF. A resistor R356 1s coupled between the
junction of the two resistors R350, R352 and the occupancy
control signal mput of the controller 230 and has, for
example, a resistance of 1 ME2. The occupancy control
signal mput of the controller 230 1s coupled to the second
circuit common through a capacitor C358 (e.g., having a
capacitance of 0.01 uF). The controller 230 converts the
occupancy control signal V , - to a digital signal using, for
example, an internal analog-to-digital converter (ADC). As
previously mentioned, the occupancy detector circuit 232
draws a current having a magnitude of approximately 7 uA
or less from the second battery V2.

FIG. 4A 1s a front exploded perspective view and FIG. 4B
1s a rear exploded perspective view of one of the occupancy
sensors 120. The occupancy sensor 120 comprises a base
portion 412 and a flat, circular mounting plate 450 (1.e., a
bottom plate), which 1s releasably attached to the base
portion. The enclosure 122 comprises an itegral cylindrical
wall 415 extending from the periphery of the front surface
125, such that the wall forms a shallow, plastic cup and
defines a generally, flat disk-shaped volume. The mounting
plate 450 1s disposed 1n a plane parallel to the plate of the
front surface 125 of the enclosure 122 and has a diameter
less than the diameter of the front surface. The front surface
125 of the enclosure 122 has a diameter greater than about
3 inches and the occupancy sensor 120 has a height from the
front surface to the mounting plate 450 of less than about 1.5
inches.

The circuitry of the occupancy sensor 120 1s mounted to
a printed circuit board (PCB) 410, which 1s connected to the
base portion 412. The base portion 412 1s adapted to be
connected to the housing 122 via a plurality of tabs 414
received by snaps 416 of the base portion. The PIR detector
310 1s mounted to the center of the PCB 410 and 1s aligned
with the lens 124. When the base portion 412 1s coupled to
the housing 122, the lens 124 1s operable to direct the
inirared energy from the space towards the PIR detector 310.
The wvisual indicators 238 of the occupancy sensor 120
comprise two LEDs 418 mounted to the PCB 410 and
positioned to illuminate the lens 124 when the housing 122
1s connected to the base portion 412.

The occupancy sensor 120 further comprises a multi-
functional structure 420, which 1s located between the
housing 122 and base portion 412. FIG. 4C 1s a perspective
view ol the multi-functional structure 420. The multi-func-
tional structure 420 comprises actuation posts 422, 424, 426,
which protrude through openings 428 in the front surface
125 of the occupancy sensor 120 to allow for actuation of
tactile switches 430 on the PCB 410 from the front surface.
The actuation posts 422, 424, 426 comprise a portion of the
plurality of actuators 236 of the occupancy sensor 120 and
are used during configuration of the lighting control system
100 to verity the operation of the occupancy sensor and the
lighting control system. The multi-functional structure 420
also comprises a light pipe 432 positioned parallel to the
third actuation post 426 for conducting light from a third
LED 419 (1.e., one of the visual indicators 238) mounted on
the PCB 410 to the front surface 125 of the occupancy
sensor 120.

The batteries V1, V2 are housed in battery compartments
434 of the base portion 412. FIG. 4D 1s a rear perspective
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view of the base portion with the batteries V1, V2 removed.
When 1nstalled 1n the battery compartments 434, the batter-
ies V1, V2 are electrically connected to the circuitry of the
occupancy sensor 120 via electrical contacts 436 and are
supported by battery supports 438 of the multi-functional
structure 420. The multi-functional structure 420 further
comprises battery-removal tabs 440 that aid 1n removing the
batteries V1, V2 from the battery compartments 434. When
the tabs 440 are pulled away from the base portion 412,
flexible arms 442 of the multi-functional structure 420 flex,
such that the battery supports 438 force the batteries V1, V2
out of the battery compartments 434.

As shown 1n FIGS. 4A and 4B, the mounting plate 450
forms a circular disk and allows the occupancy sensor 120
to be mounted to a ceiling or wall. The mounting plate 450
1s first attached to the ceiling or wall via screws (not shown)
received through attachment openings 452 of the mounting
plate 450 and into anchors (not shown) in the ceiling or wall.
The base portion 412 (along with the housing 122) 1s then
rotated clockwise around the perimeter of the mounting
plate 450, such that flanges 454 of the base portion 412 are
received by attachment slots 456 of the support plate. The
mounting plate 450 permits the mounting of the occupancy
sensor 120 to selected positions within the space to produce
optimal operation of the occupancy sensor.

The remainder of the plurality of actuators 236 of the
occupancy sensor 120 are provided on the rear surface of the
base portion 412 (as shown in FIGS. 4B and 4D) and
comprise an assign button 460, an unassign button 462, an
occupancy detection criteria (ODC) button 464, an ambient
light threshold (ALT) button 466, and an occupancy sensor
timeout period (OSTP) button 468. Each of the buttons 460,
462, 464, 466, 468 1s formed as an integral part of the base
portion 412 and comprises an actuation knob at the end of
a flexible arm provided in an elongated U-shaped slot. The
actuation knob of each button 460, 462, 464, 466, 468 may
be depressed, thus flexing the tlexible arm of the button,
such that the actuation knob actuates a tactile switch (not
shown) mounted to the bottom side of the PCB 410.

During configuration of the lighting control system 100,
the user may simultancously press and hold the toggle
actuator 114 of the dimmer switch 110 and the assign button
460 of one of the occupancy sensors 120 to link the dimmer
switch and the one of the occupancy sensors. The user may
also simultaneously press and hold the toggle actuator 114 of
the dimmer switch 110 and the unassign button 462 of the
occupancy sensor 120 to unassign the occupancy sensor
from the dimmer switch. The lighting control system 100
may comprise a plurality of occupancy sensors 120 that may
all be assigned to one dimmer switch 110, such that the
dimmer switch 1s responsive to each of the occupancy
sensors. The user simply needs to repeat the assignment
procedure for each of the plurality of occupancy sensors
120.

The occupancy detection criteria button 464, the ambient
light threshold button 466, and the occupancy sensor tim-
cout period button 468 allow for adjustment of various
characteristics of the occupancy sensor 120. Consecutive
actuations of the occupancy detection criteria button 464
cause the controller 230 to adjust an occupancy detection
criteria, used to determine whether the space 1s occupied,
between a number of values, 1.¢., settings (e.g., three values).
For example, actuations of the occupancy detection criteria
button 464 may cause the controller 230 to adjust the
predetermined occupancy voltage threshold to which the
magnitude of the occupancy control signal V .~ 1s com-
pared between a minimum value, a middle value, and a
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maximum value. Alternatively, actuations of the occupancy
detection criteria button 464 may cause the controller 230 to
adjust a gain applied to the occupancy control signal V 5~
before the magnitude of the occupancy control signal V -~
1s compared to the occupancy voltage threshold. Similarly,
the ambient light threshold button 466 and the occupancy
sensor timeout period button 468 allow the user to adjust the
values of the ambient light threshold and the occupancy
sensor timeout period T, -7 respectively. A portion of
the visual indicators 238 (1.e., additional LEDs) are mounted
to the bottom side of the PCB 410 and shine through
openings 470 in the base portion 412. The visual indicators
238 mounted to the bottom side of the PCB 410 are
illuminated by the controller 230 to distinguish which of the
values of the occupancy detection criteria, the ambient light
threshold and the occupancy sensor timeout period T, ~
eouT are selected.

FIG. 5 1s a flowchart of a rear actuator procedure 500
executed by the controller 230 of each occupancy sensor 120
when one of the actuators 460, 462, 464, 466, 486 on the rear
surface of the base portion 412 1s pressed at step 510. First,
the serial number of the occupancy sensor 120 is retrieved
from the memory 240 at step 512, such that the serial
number can be transmitted in a digital message to the
dimmer switch 110. If the assign button 460 1s pressed at
step 514, an assign message (including the serial number) 1s
transmitted to the dimmer switch 110 at step 516 and the rear
actuator procedure 500 exits. Similarly, i1t the unassign
button 462 1s pressed at step 518, an unassign message
(including the serial number) 1s transmitted to the dimmer
switch 110 at step 520, before the rear actuator procedure
500 exits.

If neither the assign button 460 nor the unassign button

462 1s being pressed at steps 514 and 518, the controller 230
determines whether the occupancy detection criteria button
464, the ambient light threshold button 466, or the occu-
pancy sensor timeout period button 468 1s being pressed.
Specifically, 1f the occupancy detection criteria button 464 1s
pressed at step 522, the controller 230 selects the next of the
three selectable values for the occupancy detection criteria at
step 524. At step 526, the controller 230 1lluminates the next
ol the three visual indicators 238 (that are linearly arranged
next to the occupancy detection criteria button 464 as shown
in FIG. 4D). The controller 230 then stores the new value of
the occupancy detection criteria 1n the memory 240 at step
528. If the ambient light threshold button 466 1s pressed at
step 530, the controller 230 selects the next value for the
ambient light threshold at step 532, 1lluminates the next of
the visual indicators 238 at step 534, and stores the new
ambient light threshold value 1n the memory 240 at step 536.
I1 the occupancy sensor timeout period button 468 1s pressed
at step 538, the controller 230 selects the next value for the
occupancy sensor timeout period T, .-, at step 540,
illuminates the next of the visual indicators 238 at step 542,
and stores the new value of the occupancy sensor timeout
period T, o 10 the memory 240 at step 544.

FIGS. 6A and 6B are simplified flowcharts of a dimmer
actuator procedure 600 executed by the controller 214 of the
dimmer switch 110 1n response to an actuation of the toggle
actuator 114 or the intensity adjustment actuator 116 at step
610. If the toggle actuator 114 1s actuated at step 612, the
controller 214 1nitializes a button timer to zero seconds and
starts the button timer 1increasing with respect to time at step
614. The button timer 1s used to determine how long the
toggle actuator 114 1s pressed. If the toggle actuator 114 1s
still being pressed at step 616, a determination 1s made as to
whether the button timer 1s less than a predetermined button
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hold time, e.g., five (5) seconds, at step 618. The dimmer
actuator procedure 600 loops until either the toggle actuator
114 1s released at step 616 or the button timer has exceeded
the predetermined button hold time at step 618. If the toggle
actuator 114 1s still pressed at step 616 and the button timer
1s greater than the predetermined button hold time at step
618, the controller 214 executes an assignment procedure
700, which will be described 1n greater detail below with
reference to FIG. 7.

During the assignment procedure 700, the dimmer switch
110 may be assigned to one or more occupancy sensors 120.
Specifically, the controller 214 1s operable to store the serial
numbers ol the assigned occupancy sensors 120 in the
memory 216. Thereatter, the controller 214 1s responsive to
digital messages received from the assigned occupancy
sensors 120. If the dimmer switch 110 1s assigned to at least
one occupancy sensor 120, the controller 214 starts the
failsate timer whenever the lighting load 104 1s toggled from
oil to on.

Referring back to FIG. 6A, 1if the toggle actuator 114 1s
released at step 616 while the button timer 1s less than the
predetermined button hold time at step 618, the controller
214 controls the lighting load 104 approprately. Specifi-
cally, 11 the lighting load 104 1s on at step 620, the controller
214 turns the lighting load off at step 622 and stops the
failsafe timer at step 624, before the dimmer actuator
procedure 600 exits. If the lighting load 104 1s off at step
620, the controller 214 turns the lighting load on at step 625.
If there 1s a serial number of one of the occupancy sensors
120 stored 1n the memory 216 at step 626, the controller 214
starts the failsafe timer at step 628 and the dimmer actuator
procedure 600 exits.

Referring to FIG. 6B, 1f the toggle actuator 114 1s not
pressed at step 612. but the upper portion 116A of the
intensity adjustment actuator 116 1s pressed at step 630, a
determination 1s made as to whether the lighting load 104 1s
ofl at step 632. If the lighting load 104 1s off at step 632, the
controller 214 turns the lighting load on to the minimum
intensity at step 634. If there 1s a serial number of an
occupancy sensor 120 stored in the memory 216 at step 636,
the controller 214 starts the failsate timer at step 638 and the
dimmer actuator procedure 600 exits. If the lighting load 104
1s on at step 632 and the dimmer switch 110 1s not at the
maximum 1intensity at step 640, the controller 214 increases
the lighting intensity of the lighting load 104 by a prede-
termined increment at step 642. If the dimmer switch 110 1s
at the maximum 1ntensity at step 640, the controller 214 does
not adjust the lighting intensity. If there 1s a serial number of
an occupancy sensor 120 stored in the memory 216 at step
644, the controller 214 restarts the failsate timer at step 646
and the dimmer actuator procedure 600 exits.

If the lower portion 116B of the intensity adjustment
actuator 116 1s pressed at step 648 and the lighting load 104
1s ofl at step 6350, the dimmer actuator procedure 600 exits.
If the lighting load 104 1s on at step 650 and the dimmer
switch 110 1s not at the minimum 1intensity at step 652, the
controller 214 decreases the lighting intensity by a prede-
termined imncrement at step 654. If the dimmer switch 110 1s
at the minmimum intensity at step 652, the controller 214 does
not turn ofl the lighting load 104. If there 1s a serial number
of an occupancy sensor 120 stored in the memory 216 at step
644, the controller 214 restarts the failsafe timer at step 646
and the dimmer actuator procedure 600 exits.

FIG. 7 1s a simplified flowchart of the assignment proce-
dure 700 executed by the controller 214 of the dimmer
switch 110 if the toggle actuator 114 is pressed and held for
greater than the predetermined button hold time at step 618
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of the dimmer actuator procedure 600. The assignment
procedure 700 1s executed as long at the toggle actuator 114
1s held. At step 712, the controller 214 first begins to cycle
the visual indicators 118, such that the visual indicators are
consecutively turned on and off at a first rate. Next, the
controller 214 determines 11 an assign message or an unas-
sign message has been received from an occupancy sensor
120 at step 714. The assignment procedure 700 loops until
either the toggle actuator 114 1s released at step 716 or either
an assign message or an unassign message 1s received at step
714. 11 the toggle actuator 114 1s no longer being held at step
716, the controller 214 stops cycling the visual indicators
118 at step 718 and the assignment procedure 700 exits.

When an assign message or an unassign message 1s
received at step 714 while the toggle actuator 114 1s still
held, the controller 214 either stores the serial number of the
received message 1 the memory 216 or deletes the serial
number from the memory. Specifically, if the receirved
message 1s an assign message at step 720, and the serial
number from the received message 1s not already stored in
the memory 216 at step 722, the controller 214 stores the
serial number in the memory at step 724. The controller 214
then temporarily cycles the visual indicators 118 at a second
rate (faster than the first rate) at step 726. The assignment
procedure 700 then loops around such that another occu-
pancy sensor 120 may be assigned to the dimmer switch 110.
If the received message 1s an unassign message at step 720,
and the serial number from the received message 1s stored 1n
the memory 216 at step 728, the controller 214 deletes the
serial number from the memory at step 730 and temporarily
cycles the visual indicators 118 at the second rate at step 726.

FIG. 8 1s a flowchart of an occupancy detection procedure
800 executed periodically, e.g., every 50 msec, by the
controller 230 of each occupancy sensor 120. As previously,
the controller 230 uses the occupancy timer to provide some
delay in the adjustment of the state of the occupancy sensor.
Whenever the controller 230 obtains a detector reading that
signifies an occupancy condition, the controller mnitializes
the occupancy timer to the predetermined occupancy sensor
timeout period T, -, and starts the occupancy timer
counting down. Therefore, the occupancy sensor 120 stays
in the occupied state as long as the controller 230 receives
indications of the occupancy condition from the PIR detec-
tor betfore the occupancy timer expires. However, when the
occupancy timer expires, the controller 230 changes to the
vacant state as will be described 1n greater detail below. The
controller 230 also uses a transmission timer (or ““I'X” timer)
to keep track of when to transmit the next occupied-no-
action command while 1n the occupied state.

Referring to FIG. 8, the controller 230 first reads the
output of the PIR detector circuit 232 at step 810, for
example, by sampling the occupancy control signal V.
The controller 230 then determines 1f the detector reading
signifies an occupancy condition in the space, for example,
by comparing the magnitude of the output voltage of the PIR
detector to the predetermined occupancy voltage threshold.
If the detector reading does not signily an occupancy
condition 1n the space at step 814, the occupancy detection
procedure 800 simply exits. However, 11 the detector reading
signifies an occupancy condition at step 814 and the occu-
pancy sensor 120 1s presently in the vacant state at step 8135,
the controller 230 changes to the occupied state at step 816.
At step 818, the controller 230 iitializes the occupancy
timer to the predetermined occupancy sensor timeout period
T o and starts the occupancy timer (such that the
occupancy timer decreases in value with time). Then, the
controller 230 reads the output of the ambient light detector
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234 at step 820. If the value of the ambient light level 1s less
than the predetermined ambient light level threshold at step
822, the controller 230 transmits (1X) the occupied-take-
action command at step 824. Otherwise, the controller 230
transmits the occupied-no-action command at step 826.
After transmitting either of the digital messages at step 824
and 826, the controller 230 1nitializes and starts the trans-
mission timer counting down at step 828 before the occu-
pancy detection procedure 800 exits.

When the occupancy detection procedure 800 1s executed
and the state of the occupancy sensor 120 1s occupied at step
815, the controller 230 simply i1mtializes and starts the
occupancy timer at step 830 before the occupancy detection
procedure 800 exits.

FIG. 9 1s a flowchart of a transmission timer procedure
900 executed by the controller 230 of each occupancy sensor
120 when the transmission timer expires at step 910 to allow
the occupancy sensor to regularly transmit the occupied-no-
action commands to the dimmer switch 110. If the occu-
pancy sensor 120 1s 1n the occupied state at step 912, the
controller 230 transmits the occupied-no-action command to
the dimmer switch 110 at step 914 and restarts the trans-
mission timer at step 916, before the transmission timer
procedure 900 exits. If the occupancy sensor 120 1s 1n the
vacant state at step 912 when the transmission timer expires
at step 910, the controller 230 does not transmit any digital
messages and the transmission timer procedure 900 simply
exits.

FIG. 10 1s a flowchart of an occupancy timer procedure
1000 executed by the controller 230 of each occupancy
sensor 120 when the occupancy timer expires at step 1010,
1.e., when the occupancy sensor has determined that the
space 1s unoccupied. Specifically, the controller 230 changes
to the vacant state at step 1012 and transmits the vacant
command to the dimmer switch 110 at step 1014 before the
occupancy timer procedure 1000 exits.

FIG. 11A 1s a simplified flowchart of a received message
procedure 1100 (or “RX” procedure) executed by the con-
troller 214 of the dimmer switch 110 1n response to receiving
a digital message from one of the occupancy sensors 120 at
step 1110. The controller 214 keeps track of the states of the
occupancy sensor 120 to which the dimmer switch 110 1s
assigned 1n response to the digital messages recerved from
the occupancy sensors. Specifically, if the controller 214
receives an occupied-take-action command or an occupied-
no-action command from an occupancy sensor 120, the
controller marks the serial number of the occupancy sensor
as “occupied” in the memory 216. If the controller 214
receives a vacant message from the occupancy sensor 120,
the controller marks the serial number of the occupancy
sensor as “‘vacant” in the memory 216. The controller waits
for a vacant command from all of the occupancy sensors to
which the dimmer switch 110 1s assigned before turning ol
the lighting load 104. However, if the failsafe timer expires,
the controller 214 marks all of the serial numbers stored in
the memory 216 as vacant and turns the lighting load 104
off.

Referring to FIG. 11A, after receiving the digital message
at step 1110, the controller 214 first determines whether the
serial number provided in the received digital message 1s
stored 1n the memory 216 at step 1112. If not, the controller
214 does not process the received digital message and the
received message procedure 1100 exits. If the serial number
of the received digital message 1s stored in the memory 216
at step 1112 and the received digital message 1s an occupied-
take-action command at step 1114, the controller 214 deter-
mines 11 any of the serial numbers stored 1n the memory 216
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are marked as occupied at step 1116 to determine 11 the space
1s occupied or vacant. If there are no serial numbers marked
as occupied at step 1116 (1.e., the space has just become
occupied), the controller 214 controls the controllably con-
ductive device 210 to turn on the lighting load 104 at step
1118 and starts the failsafe timer at step 1120. The controller
214 then marks the serial number of the received digital
message as occupied at step 1122 and the received message
procedure 1100 exits. If there are serial numbers marked as
occupied at step 1116 (1.e., the space 1s occupied), the
controller 214 marks the serial number of the received
digital message as occupied at step 1124. If the failsafe timer
1s presently on at step 1126, the controller 214 restarts the
fallsafe timer at step 1128, before the received message
procedure 1100 exits.

If the recerved digital message 1s an occupied-no-action
command at step 1130, the controller 214 does not adjust the
amount of power delivered to the lighting load 104. The
controller 214 simply marks the serial number as occupied
at step 1124 and restarts the failsafe timer at step 1128 11 the
failsate timer 1s on at step 1126. If the received digital
message 1s a vacant command at step 1132, the controller
214 marks the serial number as vacant at step 1134. If any
of the serial numbers are still marked as occupied at step
1136 (1.e., the space 1s still occupied), the controller 214
restarts the failsate timer at step 1128 11 the failsafe timer 1s
on at step 1126. However, 1f all of the serial numbers are
marked as vacant at step 1136 (i.¢., the space 1s now vacant),
the controller 214 controls the lighting load 104 off at step
1138 and stops the failsafe timer at step 1140, before the
received message procedure 1100 exits.

FIG. 11B 1s a simplified flowchart of a failsafe timer
procedure 1150 executed by the controller 214 of the dim-
mer switch 110 when the failsafe timer expires at step 1160.
The controller 214 simply marks all of the serial numbers
stored 1n the memory 216 as vacant at step 1162 and turns
ofl the lighting load 104 at step 1164 before the failsate timer
procedure 1150 exits.

According to a second embodiment of the present mnven-
tion, the occupancy sensor 120 operates 1n a low-battery
mode when the magnitude of the first battery voltage V -,
drops below the low-battery voltage threshold V, ;. In the
low-battery mode, the controller 230 halts the normal opera-
tion of the occupancy sensor 120 to conserve battery power.
Specifically, the controller 230 does not transmit the occu-
pied-take-action or occupied-no-action commands in
response to determining that the room has become occupied,
or transmit the vacant command 1n response to determining
at the room has become vacant. In addition, the occupancy
sensor 120 provides a visual indication of the low-battery
condition by operating to 1lluminate the lens 124 only when
the room first becomes occupied when 1n the low-battery
mode. Accordingly, the lighting load 104 will not turn on,
but the lens 124 of the occupancy sensor 120 will be
illuminated only when an occupant first enters the space,
thus notifying the occupant that the batteries V1, V2 are low.
Further, the controller 230 does not respond to actuations of
any of the actuators 236 when magnitude of the first battery
voltage V.~, 1s below the low-battery voltage threshold
V., o (1.€., when the occupancy sensor 120 1s in the low-
battery mode). Alternatively, the occupancy sensor 120
could i1lluminate, for example, the third LED 419 when the
magnitude of the first battery voltage V ., drops below the
low-battery voltage threshold V,,,;- and the space first
become occupied.

In order to conserve additional battery power when the
magnitude of the first battery voltage V.-, 1s above the
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low-battery voltage threshold V; ,4-, the occupancy sensors
120 do not periodically transmit occupied-no-action com-
mands to the dimmer switch 110 in the occupied state
according to the second embodiment of the present inven-
tion. Specifically, the occupancy sensors 120 do not execute
the transmission timer procedure 900 as shown i FIG. 9.
The occupancy sensors 120 only transmit occupied mes-
sages when changing from the vacant state to the occupied
state and vacant messages when changes from the occupied
state to the vacant state. As a result, the dimmer switch 110
does not start the failsate timer in response to occupied-
take-action or occupied-no-action commands received from
the occupancy sensor 120 (1.e., steps 1120, 1126, 1128, 1140
of the received message procedure 1100 shown 1n FIG. 11A
are omitted). However, the dimmer switch 110 may still start
and stop the failsafe timer when the lighting load 104 1is
controlled from ofl to one (and vice versa) in response to
actuations of the toggle actuator 114 and the intensity
adjustment actuator 116. The occupancy sensor 120 may be
operable to transmit a failsafe-disable digital message to the
dimmer switch 110 1n the low-battery mode, such that the
dimmer switch completely disables the failsafe timer when
magnitude of the first battery voltage V.., 15 below the
low-battery voltage threshold V; ;-

FIG. 12A 1s a simplified flowchart of an occupancy
detection procedure 1200 according to the second embodi-
ment of the present mvention. The occupancy detection
procedure 1200 1s similar to the occupancy detection pro-
cedure 800 of the first embodiment and 1s also executed
periodically, e.g., every 50 msec, by the controller 230 of
cach occupancy sensor 120. When the controller 230 detects
an occupancy condition and changes to the occupied state at
step 816, the controller determines 1f the magnitude of the
first battery voltage V., 1s less than the predetermined
low-battery voltage threshold V, .. at step 1210 after 1ni-
tializing the occupancy timer at step 818. If the first battery
voltage V ., 1s greater than or equal to the predetermined
low-battery voltage threshold V, ,;;- at step 1210, the occu-
pancy sensor 120 operates normally, 1.e., the controller 230
reads the output of the ambient light detector 234 at step 820
and transmits either an occupied-take-action command at
step 824 or an occupied-no-action command at step 826.
Note that the controller 230 does not 1nitialize and start the
transmission timer during the occupancy detection proce-
dure 1200 of the second embodiment (1.¢., as in step 828 of
the occupancy detection procedure 800 of the first embodi-
ment shown in FIG. 8).

If the first battery voltage V ., 1s less than the predeter-
mined low-battery voltage threshold V, ;. at step 1210, the
controller 230 illuminates the LEDs 418 to thus i1lluminate
the lens 124 at step 1212 and the occupancy detection
procedure 1200 exits. For example, the controller 230 may
blink the LEDs 418 for the length of a low-battery indication
time period T, ;. 5,7 (€.8€., approximately ten seconds).
Specifically, the controller 230 may blink the LEDs 418 by
repetitively turning on the LEDs 418 for approximately 75
msec and then turming off the LEDs for approximately 425
msec during the low-battery indication time period T, -
sarr. Accordingly, the occupancy sensor 120 provides a
visual indication that the batteries are low without transmit-
ting any wireless commands. The occupancy sensor 230
only 1illuminates the LEDs 418 when the occupant first
enters the space and the occupancy condition 1s {irst
detected.

FIG. 12B 1s a simplified flowchart of an occupancy timer
procedure 1220 according to the second embodiment of the
present mvention. The occupancy timer procedure 1220 1s
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executed by the controller 230 of each occupancy sensor 120
when the occupancy timer expires at step 1010, 1.e., when
the occupancy sensor has determined that the space 1s
unoccupied. The controller 230 first changes to the vacant
state at step 1012. If the first battery voltage V -, 1s greater
than or equal to the predetermined low-battery voltage
threshold V, .. at step 1230, the occupancy sensor 120
operates normally and transmits the vacant command at step
1014 betore the occupancy timer procedure 1220 exits. If the
first battery voltage V.-, 1s less than the predetermined
low-battery voltage threshold V, ;- at step 1230, the occu-
pancy timer procedure 1220 exits without transmitting the
vacant command.

According to a third embodiment of the present invention,
the dimmer switch 110 1s operable to store in the memory
216 the values of the various operating characteristics of the
lighting control system 100, e.g., the occupancy voltage
threshold, the ambient light level threshold, and the occu-
pancy sensor timeout period 1.4 ,~o7 1he dimmer switch
110 may provide, for example, an advanced programming
mode, such that the values of the operating characteristics
may be adjusted in response to actuations of the toggle
actuator 114 and the intensity adjustment actuator 116. An
advanced programming mode 1s described 1n greater detail
in U.S. Pat. No. 7,190,125, 1ssued Mar. 13, 2007, entitled
PROGRAMMABLE WALLBOX DIMMER, the entire dis-
closure of which 1s hereby incorporated by reference. Since
the user does not need to access the occupancy sensors 120
(which may be mounted to a ceiling) to adjust the operating
characteristics, the use of the toggle actuator 114 and the
intensity adjustment actuator 116 of the dimmer switch 110
allows for easier adjustment of the operating characteristics.

Because the dimmer switch 110 stores the values of the
operating characteristics, the occupancy sensors 120 must
transmit multiple digital messages to the dimmer switch 110.
For example, 1f the occupancy voltage threshold can be
programmed to three diflerent levels, the occupancy sensors
120 must determine occupancy in the space at all three
different levels and transmit the results of all three determi-
nations to the dimmer switch 110. The dimmer switch 110 1s
then able to use the result of the detections that was
determined at the occupancy voltage threshold stored 1n the
memory 216 to change between an occupied state and a
vacant state and to control the lighting load 104. The dimmer
switch 110 maintains an occupancy timer (or “occ” timer),
such that the dimmer switch turns off the lighting load 104
after the occupancy timeout period T,z 7

FIG. 13 1s a simplified tlowchart of an occupancy detec-
tion procedure 1300 executed periodically, e.g., every 50
msec, by the controller 230 of each occupancy sensor 120
according to the third embodiment of the present invention.
The controller 230 begins by sampling the output of the PIR
detector circuit 232 at step 1310 and selecting the first
occupancy voltage threshold at step 1312. If the sample 1s
greater than the first occupancy voltage threshold at step
1314, the controller 230 stores an occupancy detection for
the first occupancy voltage threshold 1n the memory 240 at
step 1316. Otherwise, the controller 230 stores a vacancy
detection 1n the memory 240 at step 1318. If the controller
230 has not determined occupancy at all of the possible
values of the occupancy voltage threshold at step 1320, the
controller changes to the next occupancy voltage threshold
value at step 1322 and compares the reading from step 1310
to that occupancy voltage threshold at step 1314. When the
controller 230 has determined occupancy for each of the
possible values of the occupancy voltage threshold at step
1320, the occupancy detection procedure 1300 exits.
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FIG. 14 1s a simplified flowchart of a transmission pro-
cedure 1400 executed periodically, e.g., every one minute,
by the controller 230 of each occupancy sensor 120 accord-
ing to the third embodiment of the present invention. First,
the controller 230 retrieves the occupancy and vacancy
detections from the memory 240 at step 1410. I1 there no
occupancy detections at step 1412 (1.¢., there have not been
any occupancy detections 1n the last minute), the transmis-
sion procedure 1400 simply exits. Otherwise, the controller
230 selects the first occupancy voltage threshold at step
1414. If the occupancy sensor 120 has determined at least
one occupancy detection since the last execution of the
transmission procedure 1400 (i.e., 1n the last minute) at step
1416, the controller 230 transmits at step 1418 a digital
message that indicates an occupancy detection at the first
occupancy voltage threshold. If the occupancy sensor 120
did not determine at least one occupancy detection since the
last execution of the transmission procedure 1400 at step
1416, the controller 230 transmits at step 1418 a digital
message that indicates a Vacant detection at the first occu-
pancy voltage threshold.

I1 the controller 230 has not transmitted the results of the
detections for all of the possible occupancy voltage thresh-
olds at step 1422, the controller selects the next occupancy
voltage threshold at step 1424 and determines at step 1416
whether at least one occupancy detection occurred at that
occupancy voltage threshold. The controller 230 then either
transmits an occupancy detection at step 1418 or a vacancy
detection at step 1420 for the present occupancy voltage
threshold. When the controller 230 1s finished transmitting
all of the results of the detections for the possible occupancy
voltage thresholds at step 1422, the controller 230 reads the
output of the ambient light detector 234 at step 1426 and
transmits the ambient light level reading to the dimmer
switch 110 at step 1428 before the transmission procedure
1400 exiuts.

FIG. 15 1s a simplified flowchart of a received message
procedure 1500 executed by the controller 214 of the
dimmer switch 110 1n response to receiving a digital mes-
sage at step 1510. Specifically, the dimmer switch 110 may
receive a number of digital messages containing the results
of the detections at the various occupancy voltage thresholds
and the ambient light level reading. The controller 214 first
determines 1f the serial number of the received digital
messages 1s stored in the memory 216 at step 1512. I1 not,
the received message procedure 1500 simply exits. How-
ever, 11 the serial number 1s assigned to the dimmer switch
110 at step 1512, the controller 214 chooses at step 1514 to
use the result of the detection at the desired occupancy
voltage threshold (1.e., as chosen by the user during con-
figuration).

If the result of the detection from step 1514 1s not an
occupancy detection at step 1516, the received message
procedure 1500 simply exits. However, 1 the result of the
detection 1s an occupancy detection at step 1516, and the
dimmer switch 110 1s in the vacant state at step 1518, the
controller 214 changes to the occupied state at step 1520 and
then 1nitializes and starts the occupancy timer at step 1522.
If the ambient light level (received 1n the digital messages at
step 1510) 1s less than the ambient light level threshold
stored 1n the memory 216 at step 1524, the controller 214
turns on the lighting load 104 at step 1526 and the recerved
message procedure 1500 exits. If the ambient light level 1s
not less than the ambient light level threshold at step 1524,
then the received message procedure 1500 exits.

I1 the result of the detection 1s an occupancy detection at
step 1516 and the dimmer switch 110 1s in the occupied state
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at step 1518, the controller 214 restarts the occupancy timer
at step 1528. If, at step 1530, the result 1s the first occupancy
detection for the occupancy sensor 120 from which the
digital messages were received at step 1512 since the
dimmer switch 110 was last in the vacant state, the controller
214 determines whether the ambient light level 1s less than
the ambient light level threshold at step 1524 and may turn
on the lighting load at step 1526. Otherwise, the received
message procedure 1500 simply exits.

FIG. 16 1s a flowchart of an occupancy timer procedure
1600 executed by the controller 214 of the dimmer switch
110 when the occupancy timer expires at step 1610. Spe-
cifically, the controller 214 changes to the vacant state at
step 1612 and turns ofl the lighting load 104 at step 1614
betfore the occupancy timer procedure 1600 exits.

Alternatively, the controller 230 of the occupancy sensor
120 could compare the ambient light level reading to three
different ambient light level thresholds (e.g., high, medium,
and low ambient light level thresholds) and then transmit the
results of the comparisons to the dimmer switch 110 1n a
manner similar to that described above with response to the
PIR occupancy detection comparisons. The dimmer switch
110 could then control the lighting load 104 based upon the
resultant ambient light level threshold comparison corre-
sponding to the ambient light level threshold stored 1n the
memory 216.

FIG. 17A 1s a simplified block diagram of a lighting
control system 100" having a dimmer switch 110' according
to a fourth embodiment of the present invention. The light-
ing control system 100" may additionally comprise one or
more remote controls 130. The remote control 130 com-
prises a plurality of actuators: an on button 132, an off button
134, a raise button 136, a lower button 138, and a preset
button 140 (for recalling a preset lighting intensity stored in
the memory 216 of the dimmer switch 110"). Alternatively,
the remote control 130 could comprises a plurality of preset
buttons. The remote control 130 transmits digital messages
via the RF signals 106 to the dimmer switch 110" 1n response
to actuations of any of the actuators. The dimmer switch 110’
1s responsive to digital messages contaiming the serial num-
ber of the remote control 130 to which the dimmer switch 1s
associated. The dimmer switch 110" 1s operable to turn on
and to turn off the lighting load 104 in response to an
actuation of the on button 132 and the off button 136,
respectively. The dimmer switch 110' 1s operable to control
the lighting load 104 to the preset intensity in response to an
actuation of the preset button 134.

During the setup procedure of the RF load control system
100', the dimmer switch 110' 1s associated with one or more
remote controls 130. A user simultaneously presses and
holds the on button 132 on the remote control 130 and the
toggle actuator 114 on the dimmer switch 110' to link the
remote control 130 and the dimmer switch 110'. The user
may simultaneously press and hold the off button 136 on the
remote control 130 and the toggle actuator 114 on the
dimmer switch 110' to unassociate the remote control 130
with the dimmer switch 110'. The configuration procedure
for associating the remote control 130 with the dimmer
switch 110' 1s described in greater detaill 1 co-pending

commonly-assigned U.S. patent application Ser. No. 11/339,
166, filed Nov. 13, 2006, entitled RADIO-FREQUENCY

LIGHTING CONTROL SYSTEM, the entire disclosure of
which 1s hereby incorporated by reference.

FI1G. 17B 1s a simplified state diagram 1llustrating how the
dimmer switch 110" of the lighting control system 100
controls the state of the lighting load 104 (i.e., between on
and off). The dimmer switch 110' turns on the lighting load
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104 when the first occupied-take-action command 1s
received from one of the occupancy sensors 120, when one
of the dimmer actuator buttons (1.e., the toggle actuator 114
and the intensity adjustment actuator 116) 1s actuated to turn
on the lighting load, or when digital messages are received
from the remote control 130, 1.e. when one of the remote
control actuators (e.g., the on button 132, the raise button
136, or the preset button 140 of the remote control) 1s
actuated to turn on the lighting load 104. Further, the
dimmer switch 110 turns ofl the lighting load 104 when the
last vacant command 1s recerved from the occupancy sensors
120, when one of the dimmer actuator buttons 1s actuated to
turn ofif the lighting load 104, when the failsafe timer
expires, or when digital messages are received from the
remote control 130, 1.e. when one of the remote control
actuators (e.g., the off button 134 of the remote control) 1s
actuated to turn off the lighting load.

FIG. 17C 1s a simplified state diagram 1llustrating the state
of the failsate timer of the dimmer switch 110', which 1s
similar to the state diagram of the failsafe timer as shown 1n
FIG. 1C according to the first embodiment of the present
invention. However, the dimmer switch 110" of the lighting
control system 100" additionally starts the failsate timer
when digital messages to turn on the lighting load 104 are
received from the remote control 130 and at least one
occupancy sensor 120 1s assigned to the dimmer switch 110",
The dimmer switch 110" restarts the failsate timer when
digital messages are received from any of the occupancy
sensors 120 or remote controls 130 to which the dimmer
switch 1s assigned. The dimmer switch 110" is also operable
to stop the failsafe timer in response to receiving digital
messages to turn ofl the lighting load 104 from the remote
control 130.

FIG. 18 1s a simplified schematic diagram of an occu-
pancy detector circuit 232" according to a fifth embodiment
of the present invention. The occupancy detector circuit 232
comprises a two-stage amplifier circuit having two amplifier
stages and no bufler stages. Resistors R324', R325', R350',
R352' have, for example, resistances of 1.5 ME2. The occu-
pancy detector circuit 232' has a gain of approximately 4900
and draws a current having a magnitude of approximately 5
WA or less from the second battery V2.

The present invention has been described with reference
to the lighting control system 100 having a plurality of
occupancy sensors 120 (1.e., the dimmer switch 100 1is
operable to both turn on and turn off the lighting load 104 1n
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 1n response to the
vacancy sensors. To implement this control with the lighting
control system described 1n the tflowcharts of FIGS. 5-12, the
dimmer switch 110 could simply not turn on the lighting
load 104 and not start the failsafe timer in response to
receiving an occupied-take-action command (1.e., skip steps
1118 and 1120 of the received message procedure 1100 of
FIG. 11A). Alternatively, the vacancy sensors could simply
transmit occupied-no-action commands rather that the occu-
pied-take-action commands (at step 824 of the occupancy
detection procedure 800 of FIG. 8). In both cases, the
dimmer switch 100 would only turn on the lighting load 100
in response to a manual actuation of the toggle actuator 114
or the intensity adjustment actuator 116, using the dimmer
actuator procedure 600 of FIGS. 6 A and 6B.

While the present invention has been described with
reference to the dimmer switch 110 for controlling the
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intensity of the lighting load 104, the concepts of the present naenttade—eotthe-batterr—volase—ts—tess acye
invention could be applied to load control systems compris- mRed-tow-battery-rotase-threshetd]
ing other types of load control devices, such as, for example, d—tHhre—spstenrot—elanm—2—wherets OHtre s
tan-speed controls for fan motors, electronic dimming bal- tHerates-trevisualtadteastor-forapreds d-prertod-e
lasts for fluorescent loads, and drivers for light-emitting 5 #mre-whenthe-occupaney—deteetortirste re-presenes
diodes (LEDs). In addition, the concepts of the present ef-the-oeecupantta-the-spaee-}
invention could be used to control other types of electrical —the-systenrotelatm2—wheretir-the-ecens s
loads, such as, for example, fan motors or motorized win- docs—not—ransmit—any—wireless—eontrol—ste -
dow treatments. PSR e=t=tre— At et O et =t a s S=tat e
Further, the occupancy sensors 120 could be a part of a 10 mredtow-battery—veoltage-thresheotd]
larger centralized or distributed lighting control system —the-systenrotelatm2—whereti-the-eecens s
including a plurality of load control devices (for example, a Hrther-eomprisesar-aetaateor-ecupted-te ofrtreHer-ste
plurality of dimmers switches). An example of a lighting ontre PORSTrE-te ORS-€ s
control system 1s described 1n greater detail in commonly- Sae-€ a rHae & s
assigned U.S. Pat. No. 6,803,728, 1ssued Oct. 12, 2004, 15 ee s aredeter Sapysaian. ofas -
entitled SYSTEM FOR CONTROL OF DEVICES, the SRtEe @ FORSTFE=—tO—RetHAHORS—C 3ase:
entire disclosure of which 1s hereby incorporated by refer- S -
ence. Another example of a wireless lighting control system
1s described 1n greater detail in U.S. patent application Ser. s 3 ety < s
No. 12/033,223, filed Feb. 19, 2008, entitled COMMUNI- 20 etrettt—eot—the—ocetpaney—deteetor—comprises—ai— :
CATION PROTOCOL FOR A RADIO-FREQUENCY < s e s < A s
LOAD CONTROL SYSTEM, the entire disclosure of which . or—al f—the—eeenps Rees
1s hereby incorporated by reference. Seeus : S : SFRE rOSHIeRed=te
Although the present mmvention has been described 1in < < SOy 3 s AFEE
relation to particular embodiments thereof, many other 25 e S PHYE > tHre-dhode-postitoned-te -
variations and modifications and other uses will become , > s—cdtade-eonpted-to—the-controtHer
apparent to those skilled 1n the art. It 1s preferred, therefore, oRtre sperableto-contretably—tHan
that the present invention be limited not by the specific > He-cerehe- ~reizas e raite-te-E
disclosure herein, but only by the appended claims. > s—dterde-te Fe e -
What 1s claimed 1is: 30 the-detector-eireuti-detectino-the-presence-ofthe-ceeus
sofntret-the-ameotntotpower-deltreredto-the-cleetn 40 Seeefd—vwireless—stena-renr-tHire-eeeupaner—sens o
load-1response—to—the—wireless—eontrel-stenats- —he-srstemrotetatnS; ' oad-eortrote
sanev—deteetor—etreni—tor—d HYE . 8 seeond-vwireless—stenal-
AR r—te cyerasusyazesss - oftret 45 efce—er—absenee—er—aR—oeeR PR —a—SPace: 8
srenat—to—tHhe—toad SotHrer— e - COMPrIste: o |
seenpant-tHr-the-spaee—theload-contrel< Sepal the-ocenpantta—the—space:
sspense—te—the—frs—wireless—eontrot-stenat—the-eecet= 50 econtreter—ts—responsrre—to—the-detector-errettts
re-eontroHer-ana-the-wretes - HTHE ttite-vrretess—stenatle
woltaee—otthe-lattery—and cofireHer—t—operable—to—eorireHabir—
A=rtSta-Hrateator—tor-pProv I re— vt at—tre < * 55 wrsta-tadreator—atd
= = O OTICT 8 trer TE TEC—COTTT e waw w > 60 wieamawm » A v : = » waw w -
mned-tow—battery—roltage-threshotd] or—ee O—E—pree deow-battery—voltae
—Hhe-systenrot-elamr2—vwherers ontre . 65 rreshetd—the—econtroHer—operable—te ‘
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et | A 21. A load control system for controlling the amount of
' RPN DN, B power delivered from an AC power source to an electrical

sped—frars eSOtk soadtocated load in a space in rvesponse to detecting the presence or

. 4 o d prHRe—the-steps—ots 40 absence of an occupant in the space, the system comprising:

RS — TS CH P AR e TS e RO e—a— st At teir—t a load control device adapted to be coupled in series
ReRtreHei-aR-oeetpaRey-tdeteetor-erett—aRa-trrrreless electrical connection between the AC power source and
transmrtters the electrical load for control of the amount of power

sevrerire-the-eontroHer-and—the—wireless SAASTRFERer-rtk delivered to the electrical load, the load control device
the—Hrst-lbattery- 45 operable to receive wireless control signals and to

deteetre—the-presefee-ofanoeceupantti-the—spaceta-the control the amount of power delivered to the electrical
Spaces load in vesponse to the wireless control signals;

aRsRTHHe-a-Hrst-wirelessstenal-Hresponse-to-the-ster an occupancy sensor positioned rvemote from the load

sf-detectrne-the-presenee-or-ahsenee-of-ar-ceetPani-—=+ control device, and comprising a controller, an occu-
the-spaee: 50 pancy detector circuit for detecting the presence or

RefRrterre—th ! : et T absence of the occupant in the space and a wireless

Hrest—loattery transmitter for transmitting a first wireless occupied-
Are-thatHre-rae ot-the-frst-batteryveoliase take-action control signal to the load control device in
ras-dropped-below—a—predetermired—tow-hattery—ve response to the occupancy detector circuit detecting the
ace-threshotd—and 55 presence of the occupant in the space, the load control

OSSR A O RSP ORS device operable to enable the delivery of power to the

electrical load in response to the first wireless occu-

relow—the—predetermed—tow-battery—vokase—threst pied-take-action control signal, the occupancy sensor
ete-] further comprising a battery for powering the control-

—k re—-ot—elatr—d—wheret—the—eeeupanes 60 ler and the wireless transmitter, the controller operable
rerser—firthereomprtses—a—vrsnaltrdtestor—and—the—sten—e to monitor the magnitude of a battery voltage of the
relo A= tsaat—trdteatton—eemprises—tHomatne—the battery,; and

RO HIFeSPORFe=to=detertre=that-Hre—araes a visual indicator for providing a visual indication when

setew—tre the magnitude of the battery voltage has dropped below

a 65 a predetermined low-battery voltage threshold,

—hre-metheod-ofelatmto—wheretr-the-step-otf-prove the occupancy sensor further comprising an ambient light

' Hrerent ! Hle ' HYEH detector coupled to the controller, the controller con-
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figured to compare a level of ambient light in the space
detected by the ambient light detector to an ambient

light threshold,

the occupancy sensor having a low-battery operating
mode wherein the controller is configured to halt a
normal mode of operation of the occupancy sensor to
conserve battery power when the magnitude of the
battery voltage has dropped below the predetermined
low-battery voltage threshold,

the occupancy sensov vemaining opervable in the low-
battery operating mode;

Jurther whervein the controller is configured in the novmal
mode of operation to transmit both the first wireless
occupied-take-action control signal and a first wireless
occupied-no-action control signal, wherein the first
wireless occupied-take-action control signal informs
the load control device that the space is occupied and
commands the load control device to take action
because the ambient light level is below the ambient
light threshold, and the first wireless occupied-no-
action control signal informs the load control device
that the space is occupied and commands the load
control device to take no action because the ambient
light level is above the ambient light threshold,

wherein the load control device comprises an electrical
device controller configured.:

to determine whether the first wireless occupied-take-
action control signal has been received, and in
response to determining that the first wireless occu-
pied-take-action control signal has been received, to
register the occupancy sensor as being in an occupied
state and to turn on the electrical load; and

to determine whether the first wireless occupied-no-action
control signal has been received, and in vesponse to
determining that the first wireless occupied-no-action
control signal has been received, to register the occu-
pancy sensor as being in an occupied state and to
maintain the electrvical load in its last condition by
leaving the electrical load on when the electrical load
is on and leaving the electrical load off when the
electrical load is off,

wherein the controller is configured to prevent transmis-
sion of the first wireless occupied-take-action control
signal and the first wireless occupied-no-action control
signal in the low-battery operating mode,

the occupancy sensor further comprising an occupancy
timer that times-out a predetermined time-out period
after the occupancy sensor determines the space is
unoccupied, the contvoller being configured upon expi-
ration of the time-out period to change to a vacant state
and to determine whether the magnitude of the battery
voltage has dropped below the low-battery voltage
threshold and if it has not, to transmit a wireless vacant

command to the load control device and if it has, not to
transmit the wireless vacant command;

further wherein the load control device comprises a
Jailsafe timer, the failsafe timer being started when the
wireless occupied-take-action control signal or the
wireless occupied-no-action control signal is veceived
from the occupancy sensor, the failsafe timer timing-otut
after a failsafe period when no wireless occupied-take-
action and no wireless occupied-no-action control sig-
nal is received during the failsafe period from the
occupancy sensov, the time-out of the failsafe timer
causing the load control device to turn off the electrical
load and to identify the occupancy sensor as vacant.
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22. The system of claim 21, wherein the occupancy sensor
comprises the visual indicator, the visual indicator coupled
to the controller, the controller being configured to control-
lably illuminate the visual indicator in response to detection
by the detector circuit of the occupancy condition when the
magnitude of the battery voltage is less than the predeter-
mined low-battery voltage threshold

23. The system of claim 22, wherein the controller is
configurved to blink the visual indicator in response to
detection by the detector circuit of the presence of the
occupant in the space when the magnitude of the battery
voltage is less than the predetermined low-battery voltage

threshold.

24. The system of claim 22, whervein the controller is
configured to illuminate the visual indicator for a predeter-
mined period of time only in vesponse to a first detection by
the occupancy detector of the presence of the occupant in the
space.

25. The system of claim 22, wherein the occupancy sensor
does not transmit any wireless contvol signals when the
magnitude of the battery voltage is less than the predeter-
mined low-battery voltage threshold

26. The system of claim 22, wherein the occupancy sensor
Jurther comprises an actuator coupled to the contrvoller, the
controller vesponsive to actuations of the actuator when the
magnitude of the battery voltage is greater than or equal to
the predetermined low-battery voltage threshold, the con-
troller not responsive to actuations of the actuator when the
magnitude of the battery voltage is less than the predeter-
mined low-battery voltage threshold

27. The system of claim 22, wherein the occupancy
detector circuit of the occupancy detector comprises an
infrared detector responsive to infrared energy representa-
tive of the presence or absence of the occupant in the space,
the occupancy detector further comprising a lens positioned
to direct the infraved energy from the space to the infrared
detector, and a light-emitting diode positioned to illuminate
the lens, the light-emitting diode coupled to the controller,
the controller configured to controllably illuminate the light-
emitting diode, the controller configured to illuminate the
light-emitting diode to illuminate the lens in response to
detection by the detector circuit of the presence of the
occupant in the space when the magnitude of the battery
voltage is less than the predetermined low-battery voltage
threshold.

28. The system of claim 21, wherein the load control
device comprises the visual indicator, the occupancy sensor
configured to transmit a second wireless signal to the load
control device in response to determining that the magnitude
of the battery voltage has dropped below the predetermined
low-battery voltage threshold, the load control device con-
figured to illuminate the visual indicator in respomnse to
receiving the second wireless signal from the occupancy
Sensor:

29. The system of claim 28, wherein the load control
device is configured to blink the visual indicator in response
to receiving the second wireless signal.

30. A wireless occupancy sensor for detecting the pres-
ence or absence of an occupant in a space, the sensor
COmprising:

a detector circuit for detecting the presence or absence of

the occupant in the space;

a controller coupled to the detector circuit, such that the

controller is vesponsive to the detector circuit;

an ambient light detector coupled to the controller, the

controller configurved to compare a level of ambient
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light in the space detected by the ambient light detector
to an ambient light threshold;

a wireless transmitter coupled to the controller for trans-
mitting wireless signals;

a visual indicator coupled to the controller, such that the 5
controller is operable to controllably illuminate the
visual indicator; and

a battery for producing a battery voltage for powering the
controller the wireless transmitter. and the visual indi-
cator; 10

whevrein the controller is configured to monitor the mag-
nitude of the battery voltage of the battery, the con-
troller operable to transmit wireless signals in response
to the detector circuit detecting the presence of the
occupant in the space in a novimal mode if the magni- 15
tude of the battery voltage is greater than or equal to
a predetermined low-battery voltage threshold, the
controller configured to enter a low-battery operating
mode to conserve battery power when the magnitude of
the battery voltage is less than the predetermined 20

30

causing the load control device to turn off the electrical
load and to identify the occupancy sensor as vacant;

further wherein the occupancy semnsor is configured to
transmit, when in the low-battery operating mode, a
failsafe disable message to the load control device
instructing the load control device to disable the fail-
safe timer, such that the load control device does not
turn off the electrical load at the end of the failsafe
period when the occupancy sensor is in the low-battery
operating mode.

31. The sensor of claim 30, wherein the controller is
configured to blink the visual indicator for a predetermined
time period in response to detection by the detector circuit
of the presence of the occupant in the space when the
magnitude of the battery voltage is less than the predeter-
mined low-battery voltage threshold.

32. The sensor of claim 30, wherein the detector circuit
comprises an infraved detector vesponsive to infrarved energy
representative of the occupancy condition in the space, the
sensor further comprising:

low-battery voltage threshold wherein the controller
remains operable in the low-battery operating mode,
the controller operable in the low-battery operating
mode to illuminate the visual indicator in vesponse to

nal is received during the failsafe period from the
occupancy sensor, the time-out of the failsafe timer

an enclosure housing the detector circuit, the controller,
the ambient light detector, the wireless transmitter, the
visual indicator, and the battery;

a lens positioned to divect the infraved energy from the

the detector circuit detecting the presence of the occu- 25 space to the infrared detector; and
pant in the space if the magnitude of the battery voltage a light-emitting diode positioned to illuminate the lens,
is less than the predetermined low-battery voltage the light-emitting diode coupled to the controller, the
threshold, controller being configured to controllably illuminate
Jurther wherein the controller is configured in the normal the light-emitting diode;
mode to transmit both a wireless occupied-take-action 30  wherein the lens and the light-emitting diode define the
control signal and a wireless occupied-no-action con- visual indicator, the controller configured to illuminate
trol signal, wherein the wireless occupied-take-action the light-emitting diode to illuminate the lens in
control signal informs a load control device that the response to detection by the detector circuit of the
space is occupied and commands the load control presence of the occupant in the space when the mag-
device to take action because the ambient light level is 35 nitude of the battery voltage is less than the predeter-
below the ambient light threshold, and the wireless mined low-battery voltage threshold
occupied-no-action contvol signal informs the load 33. The sensor of claim 30, further comprising:
control device that the space is occupied and com- an actuator coupled to the controller, the controller
mands the load control device to take no action because responsive to actuations of the actuator when the
the ambient light level is above the ambient light 40 magnitude of the battery voltage is greater than or
threshold; equal to the predetermined low-battery voltage thresh-
wherein the controller is configured to prevent transmis- old, the controller not responsive to actuations of the
sion of the wireless occupied-take-action control signal actuator when the magnitude of the battery voltage is
and the wireless occupied-no-action control signal in less than the predetermined low-battery voltage thresh-
the low-battery operating mode, 45 old to conserve battery power.
the occupancy sensor further comprising an occupancy 34. A method of controlling by a load control device the
timer that times-out a predetermined time-out period amount of power delivered from an AC power source to an
after the occupancy sensor determines the space is electrical load located in a space, the method comprising the
unoccupied, the contvoller being configured upon expi- steps of.
ration of the time-out period to change to a vacant state 50  providing an occupancy sensor whervein the occupancy
and to determine whether the magnitude of the battery sensor Iis positioned remote from the load control
voltage has dropped below the low-battery voltage device, and having a first battery, a controller, an
threshold and if it has not, to transmit a wireless vacant occupancy detector circuit, an ambient light detector
command to the load control device and if it has, not to and a wireless transmitter;
transmit the wireless vacant command, 55  powering the controller and the wireless transmitter with
wherein the occupancy sensor is positioned remote from the first battery;
the load control device; detecting the presence of an occupant in the space;
Jurther wherein the occupancy sensor is comnfigured to detecting with the ambient light detector the level of
operate with a load control device that comprises a ambient light in the space and comparing the ambient
Jailsafe timer, the failsafe timer being started when the 60 light in the space to an ambient light threshold;
wireless occupied-take-action control signal or the transmitting a first wireless signal in vesponse to the step
wireless occupied-no-action control signal is veceived of detecting the presence or absence of an occupant in
from the occupancy sensor, the failsafe timer timing-otut the space;
after a failsafe period when no wireless occupied-take- the step of transmitting including operating the controller
action and no wireless occupied-no-action control sig- 65 in a normal mode of operation to transmit both a

wireless occupied-take-action control signal and a
wireless occupied-no-action control signal, whevein the
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wireless occupied-take-action control signal informs
the load control device that the space is occupied and
commands the load control device to take action
because the ambient light level is below the ambient
light threshold, and the wireless occupied-no-action
control signal informs the load control device that the
space is occupied and commands the load control
device to take no action because the ambient light level
is above the ambient light threshold,

maintaining by the load contvol device, in response to
receiving the wireless occupied-no-action control sig-
nal, the electrical load in its last condition;

monitoring the magnitude of a first battery voltage of the
fivst battery,

determining that the magnitude of the first battery voltage
has dropped below a predetermined low-battery volt-
age threshold and entering a low-battery operating
mode, and, in the low-battery operating mode, halting
a normal mode of operation to conserve battery power
with the controller remaining operable; and

providing, in the low-battery operating mode, a visual
indication in vesponse to determining that the magni-
tude of the battery voltage has dropped below the
predetermined low-battery voltage threshold; and

preventing transmission of the wireless occupied-take-
action control signal and the wireless occupied-no-
action control signal in the low-battery operating
mode;

further comprising providing an occupancy time-out
period that expives a predetermined time after the
occupancy sensor determines the space is unoccupied,
and upon expiration of the time-out period.

changing to a vacant state; and

checking to determine if the magnitude of the battery
voltage has dropped below the low-battery voltage
threshold and if it has not, transmitting a wireless
vacant command to the load control device, and if it
has, not transmitting the wireless vacant command,

further comprising providing in the load control device a
Jailsafe timer, starting the failsafe timer when the
wireless occupied-take-action contvol signal or the
wireless occupied-no-action control signal is veceived
from the occupancy sensor, the failsafe timer timing-otut
after a failsafe period when no wireless occupied-take-
action control signal and no wireless occupied-no-
action control signal is received during the failsafe
period from the occupancy sensor, the time-out of the

Jailsafe timer causing the load control device to turn off

the electrical load and to identify the occupancy sensor
as vacani,;
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Jurther comprising the occupancy sensor transmitting,
when in the low-battery operating mode, a failsafe
disable message to the load control device instructing
the load control device to disable the failsafe timer,
such that in response to receiving the failsafe disable
message the load control device does not turn off the
electrical load at the end of the failsafe period when the
occupancy sensor is in the low-battery operating mode.

35. The method of claim 34, wherein the occupancy

sensor further comprises a visual indicator and the step of

providing a visual indication comprises illuminating the

visual indicator in vesponse to determining that the magni-
tude of the first battery voltage has dvopped below the

predetermined low-battery voltage threshold.

36. The method of claim 33, wherein the step of providing

a visual indication comprises blinking the visual indicator

for a predetermined time period in vesponse to determining

that the magnitude of the first battery voltage has dropped
below the predetermined low-battery voltage threshold.
37. The method of claim 35, wherein the occupancy
sensor does not transmit any wireless control signals when
the magnitude of the battery voltage is less than the prede-
termined low-battery voltage threshold.
38. The method of claim 35, wherein the step of providing
a visual indication comprises only illuminating the visual
indicator when the magnitude of the first battery voltage is
below the predetermined low-battery voltage threshold and
the occupancy detector detects the presence of the occupant
in the space.
39. The method of claim 34, further comprising the step
of-
providing a load control device adapted to be coupled in
series electrical comnection between the AC power
source and the electrical load for controlling the
amount of power delivered to the electrical load, the
load control device comprising a visual indicator;

transmitting a second wireless signal from the occupancy
sensor to the load control device in response to deter-
mining that the magnitude of the first battery voltage
has dvopped below the predetermined low-battery volt-
age threshold;

wherein the step of providing a visual indication com-

prises illuminating the visual indicator of the load
control device in response to the load control device
receiving the second wireless signal.

40. The method of claim 39, wherein the step of providing
a visual indication comprises blinking the visual indicator of
the load control device in vesponse to the load control device
receiving the second wireless signal.
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