20107108062 A1 |1 I 000 O A 010 O O I 0

<

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

oo AT
1 1d Intellectual P t t ) e
(19) World Intellectual Peoperty Organization. /g3 | 1IN AN K 00000 AR O
International Bureau Wi ) )
3\ i 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
23 September 2010 (23.09.2010) PCT WO 2010/108062 Al
(51) International Patent Classification: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
HO5B 37/02 (2006.01) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. .. HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(21) International Application Number: KR, KZ. LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
PCT/US2010/027907 ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(22) International Filing Date: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
19 March 2010 (19.03.2010) SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(25) Filing Language: English
L. ) (84) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,
(30) Priority Data: GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
61/162,018 20 March 2009 (20.03.2009) Us ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
12/718,273 5 March 2010 (05.03.2010) US TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(71) Applicant (for all designated States except US): MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
LUTRON ELECTRONICS CO., INC. [US/US]; 7200 TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
Suter Road, Coopersburg, PA 18036-1299 (US). ML, MR, NE, SN, TD, TG).
(72) Inventor; and Declarations under Rule 4.17:

(75) Inventor/Applicant (for US only): VESKOVIC, Dragan
[AU/US]; 1702 Redwood Court, Allentown, PA 18104

(US).
(74) Agent: CONDO, Joseph, R.; Woodcock Washburn LLP,

Cira Centre - 12th Floor, 2929 Arch Street, Philadelphia,
PA 19104-2891 (US). Published:

(81) Designated States (unless otherwise indicated, for every —  With international search report (4rt. 21(3))
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

— as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(i1))

— as fto the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

(54) Title: METHOD OF AUTOMATICALLY PROGRAMMING A LOAD CONTROL DEVICE USING A REMOTE IDENTI-
FICATION TAG

102 _
ot f 108

Ballast
Controller
AC Line 104
Voltage j

108
S~

/ kJ \/\L / ‘\Jj.f/\i {
1a 1 o4 1B gy
ooy lemes
100 \
110 120
Fig. 1

(57) Abstract: A method of automatically programming a new load control device that replaces an old load control device takes
advantage of a remote identification tag (e.g., an RFID tag) located in the vicinity of the old device. The remote identification tag
stores an identitier that is representative of a location in which the old device is installed. The method includes the steps of: (1)
storing a setting of an old device in a memory of a controller; (2) associating the setting with the identifier of the old device in the
memory of the controller; (3) the new device retrieving the identifier from the remote identification tag after the new device is in-
stalled in the location of the old device; (4) the new device transmitting the identifier to the controller; and (5) the controller trans-
mitting the setting of the old device to the new device in response to receiving the identifier.
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METHOD OF AUTOMATICALLY PROGRAMMING A LOAD CONTROL DEVICE USING
A REMOTE IDENTIFICATION TAG

TECHNICAL FIELD

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from commonly-assigned U.S. Patent Application
Serial No. 12/718,273, filed March 5, 2010, which is a non-provisional application of commonly
assigned U.S. Provisional Application Serial No. 61/162,018, filed March 20, 2009, entitled
METHOD OF AUTOMATICALLY PROGRAMMING A LOAD CONTROL DEVICE USING
A REMOTE IDENTIFICATION TAG.

BACKGROUND

Field of the Invention

[0002] The present invention relates to load control systems for controlling the amount of
power delivered to one or more electrical loads and, specifically, to a method of automatically
programming a new load control device, such as an electronic dimming ballast, using a remote
identification tag, such as a radio-frequency identification (RFID) transponder that is associated

with the location (e.g., fixture) in which the new load control device is installed.
Description of the Related Art

[0003] A typical prior art load control system is operable to control the amount of power
delivered to an electrical load, such as a lighting load or a motor load, from an alternating-current
(AC) power source. A lighting control system generally comprises a plurality of control devices
coupled to a communication link to allow for communication between the control devices. The
control devices of a typical lighting control system include lighting control devices (e.g., dimmer

circuits or electronic dimming ballasts) operable to control the amount of power delivered to the
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lighting loads (and thus, the intensity of the lighting loads) in response to digital messages
received via the communication link. In addition, the control devices of a typical lighting control
system often include one or more keypad devices that transmit commands via the communication

link in order to control the loads coupled to the lighting control devices.

[0004] Lighting control systems for fluorescent lamps typically comprise a controller and
a plurality of electronic dimming ballasts that are operable to communicate via a digital
communication link. The controller may communicate with the ballasts using, for example, the
industry-standard Digital Addressable Lighting Interface (DALI) communication protocol. The
DALI protocol allows each ballast in the lighting control system to be assigned a unique digital
address, to be programmed with configuration information (e.g., preset lighting intensities), and
to control a fluorescent lamp in response to commands transmitted via the communication link.
Some controllers may provide a user interface that allows for control of the lighting control
system. The controllers of a lighting control system may comprise, for example, wall-mounted
keypads or handheld devices, such as infrared (IR) remote controls, personal digital assistants
(PDA). The IR commands are received by an IR receiving sensor that is operable to send
appropriate commands to the controlled ballasts. In addition to IR receiving sensors, the lighting
control system may also include daylight sensors or occupancy sensors. The daylight and
occupancy sensors are operable to monitor the condition (e.g., the ambient light level or motion
from an occupant, respectively) of a space and send appropriate commands to the controlled

ballasts in response to the sensed conditions in the space.

[0005] When the multi-ballast lighting control system is initially installed, each ballast
must be configured appropriately. For example, a ballast may be configured to be included in a
particular group with other ballasts that are responsive to commands received from a particular
IR receiver. That ballast may also be configured to be included in another particular group of
ballasts that are responsive to commands received from a particular daylight sensor, or an
additional group of ballasts responsive to a particular occupancy sensor. All ballasts within a
particular group are operable to be controlled together. In addition, the ballast may be further
configured with certain individual operating parameters, such as minimum and maximum light

intensity parameters. In order to maintain these configurations, one of the controllers of the
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multi-ballast lighting control system (e.g., a central processor) is operable to store and update

these configurations as needed.

[0006] In the event that an existing ballast within the control system fails, the failed
ballast must be replaced with a new ballast. The configurations that were associated with the
failed ballast must then be reassigned to the new replacement ballast such that the new ballast
will operate in the same fashion as the failed ballast had operated. For example, if the failed
ballast had been configured to operate in a particular group of ballasts responsive to an
occupancy sensor, then the new ballast, once installed in the same location as the failed ballast,

must also be configured to operate in the same ballast group responsive to the occupancy sensor.

[0007] One prior art method of reconfiguring a new replacement ballast comprises using
a hand-held PDA to run a ballast replacement program in which the user enters the unique serial
number of the failed ballast and the unique serial number of the new replacement ballast. The
PDA can transmit these serial numbers to an IR receiver within the lighting control system.

Once these serial numbers are received by the central processor via the communication link, the
central processor can update the configurations accordingly such that the new ballast will operate
in the same groups and with the same individual operating parameters as the failed ballast. This
prior method of reconfiguration is described in greater detail in commonly-assigned U.S. Patent
No. 7,391,297, issued June 24, 2008, entitled HANDHELD PROGRAMMING FOR A
LIGHTING CONTROL SYSTEM, the entire disclosure of which is hereby incorporated by

reference.

[0008] The prior art method of reconfiguration can be tedious as the user must input the
serial numbers of both the failed and new ballasts. If many ballasts are to be replaced in the
lighting control system, the prior art method becomes even more tedious as more serial numbers
must be entered. Thus, there exists a need for a method of automatic ballast replacement and
reconfiguration that does not require the user to completely re-program a new ballast or to enter

any serial numbers.
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SUMMARY

[0009] According to the present invention, a method of automatically programming a
new load control device that replaces an old load control device of a load control system takes
advantage of a remote identification tag located in the vicinity of the old load control device.

The remote identification tag stores an identifier that is representative of a location in which the
old load control device is installed. The method comprises the steps of: (1) storing a setting of an
old load control device in a memory of a controller; (2) associating the identifier with the setting
of the old load control device in the memory of the controller; (3) the new load control device
retrieving the identifier from the remote identification tag after the new load control device is
installed in the location of the old load control device; (4) the new load control device
transmitting the identifier to the controller; and (5) the controller transmitting the setting of the

old load control device to the new load control device in response to receiving the identifier.

[0010] In addition, a load control device for controlling the power delivered from an AC
power source to an electrical load is also described herein. The load control device comprises a
load control circuit adapted to be coupled between the AC power source and the electrical load, a
controller operatively coupled to the load control circuit for controlling the power delivered to
the load, a communication circuit adapted to be coupled to a communication link, and an
identifier retrieval circuit coupled to the controller. The communication circuit allows the
controller to transmit and receive digital messages on the communication link. The identifier
retrieval circuit retrieves an identifier from a remote identification tag located in the vicinity of
the load control device. The load control device is operable to transmit a digital message
including the identifier on the communication link, and to subsequently receive a digital message
including a load control setting associated with the identifier. For example, the identifier retrieval
circuit may comprise a RFID circuit for retrieving the identifier from an RFID tag located in the
vicinity of the load control device. In addition, the load control device may be adapted to be

mounted to a fixture in which the remote identification tag is located.

[0011] According to another embodiment of the present invention, a load control system
comprises a load control device installed in the vicinity of a remote identification tag for storing

an identifier and a controller coupled to the load control device via a communication link. The
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load control device is operable to retrieve the identifier from the remote identification tag. The
controller is operable to store in a memory a load control setting, which is associated with the
identifier of the remote identification tag. The load control device is operable to transmit the
identifier to the controller, and the controller is operable to transmit the load control setting

associated with the identifier to the load control device in response to receiving the identifier.

[0012] Other features and advantages of the present invention will become apparent from

the following description of the invention that refers to the accompanying drawings. -

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The invention will now be described in greater detail in the following detailed

description with reference to the drawings in which:

[0014] Fig. 1 is a simplified block diagram of a fluorescent lighting control system
having a digital ballast controller and a plurality of ballasts for control of the intensity of a

plurality of fluorescent lamps according to a first embodiment of the present invention;

[0015] Fig. 2 1s a simplified block diagram of the digital ballast controller of the load

control system of Fig. 1;

[0016] Fig. 3 1s a simplified block diagram of one of the digital electronic dimming

ballasts of the fluorescent lighting control system of Fig. 1 according to the first embodiment;

[0017] Fig. 4 is a simplified flowchart of a startup procedure executed at startup by each
of the ballasts of the fluorescent lighting control system of Fig. 1;

[0018] Fig. 5 is a simplified flowchart of an automatic ballast replacement procedure

executed by the controller of the fluorescent lighting control system of Fig. 1;

[0019] Fig. 6 is a simplified block diagram of an electronic dimming ballast according to

a second embodiment of the present invention; and



WO 2010/108062 PCT/US2010/027907

[0020] Fig. 7 is a simplified block diagram of an electronic dimming ballast according to

a third embodiment of the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0021] The foregoing summary, as well as the following detailed description of the
preferred embodiments, is better understood when read in conjunction with the appended
drawings. For the purposes of illustrating the invention, there is shown in the drawings an
embodiment that is presently preferred, in which like numerals represent similar parts throughout
the several views of the drawings, it being uhderstood, however, that the invention is not limited

to the specific methods and instrumentalities disclosed.

[0022] Fig. 1 is a simplified block diagram of a fluorescent lighting control system 100
for control of the intensities of a plurality of fluorescent lamps 114, 124, 134 according to a first
embodiment of the present invention. The fluorescent lighting control system 100 includes a
plurality of lighting fixtures 110, 120, 130 (e.g., three fixtures) in which the lamps 114, 124, 134
are located. Each fixture 110, 120, 130 also includes a respective digital electronic dimming
ballast 112, 122, 132 that is coupled to the respective lamp 114, 124, 134 via a lamp wiring 116,
126, 136. The ballasts 112, 122, 132 are each coupled to an alternating-current (AC) power
source (not shown) via a line voltage wiring 104 for receiving an AC mains line voltage. The
lighting control system 100 further comprises a digital ballast controller 102 that is coupled to
each of the ballasts 112, 122, 132 via a digital ballast communication link 106. Accordingly, the
ballasts 112, 122, 132 are operable to control the intensities of the lamps 114, 124, 134 in
response to digital messages received from the digital ballast controller 102 via the digital ballast

communication link 106.

[0023] The digital ballast controller 102 also operates as a link power supply.
Specifically, the digital ballast controller 102 receives the AC mains line voltage and generates a
DC link voltage for the digital ballast communication link 106. The digital ballast controller 102
and ballasts 112, 122, 132 are operable to transmit and receive digital messages via the digital

ballast communication link 106 using, for example, the digital addressable lighting interface
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(DALI) protocol. The digital ballast communication link 106 may be coupled to more

ballasts 112, 122, 132, for example, up to 64 ballasts. The ballasts 112, 122, 132 are all assigned
a unique serial number (e.g., a 64-bit serial number) during manufacture of the ballast. The serial
number is used to identify the ballasts 112, 122, 132 during configuration of the ballasts after the
ballasts are installed. The ballasts 112, 122, 132 are then assigned a short address during
configuration. Because the short address requires less communication bandwidth than the serial
number (e.g., 8 bits), the short address is used to transmit and receive digital messages on the
communication link 106, such that the digital message may be transmitted more quickly, thus

improving the overall response speed of the lighting control system 100.

[0024] During configuration of the lighting control system 100, the ballasts 112, 122, 132
may be assigned the short addresses and may be configured with one or more configuration
settings (i.e., load control settings), such as, for example, high-end trims, low-end trims, preset
intensities, fade times, and ballast groups. The digital ballast controller 102 is operable to build a
database of the short addresses and the configuration settings of the ballasts 112, 122, 132 during
the configuration of the lighting control system 100. An example of a configuration procedure
for the lighting control system 100 is described in greater detail in commonly-assigned U.S.
Patent Application No. 11/870,783, filed October 11, 2007, entitled METHOD OF BUILDING
A DATABASE OF A LIGHTING CONTROL SYSTEM, the entire disclosure of which is

hereby incorporated by reference.

[0025] While not shown in Fig. 1, each ballast 112, 122, 132 may also be operable to
receive a plurality of inputs from, for example, an occupancy sensor, an infrared (IR) receiver,
and a keypad, and to subsequently transmit digital messages or control the intensities of the
respective lamp 114, 124, 134 in response. An example of a ballast that is able to be coupled to a
communication link and to receive inputs from various sensors and other external devices is
described in greater detail in commonly-assigned U.S. Patent No. 7,369,060, issued May 6, 2008,
entitled DISTRIBUTED INTELLIGENCE BALLAST SYSTEM AND EXTENDED
LIGHTING CONTROL PROTOCOL, and U.S. Patent No. 7,619,539, issued November 17,
2009, entitled MULTIPLE-INPUT ELECTRONIC BALLAST WITH PROCESSOR, the entire

disclosures of which are hereby incorporated by reference.
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[0026] The ballasts 112, 122, 132 are each located within the vicinity of a remote
1dentification tag (e.g., a passive RFID tag or transponder 118, 128, 138). As shown in Fig. 1,
the RFID tags 118, 128, 138 may be located within the respective lighting fixtures 110, 120, 130.
For example, each RFID tags 118, 128, 138 may comprise a label that is permanently affixed to
the inside of the respective fixture 110, 120, 130, for example, during initial installation of the
fixture, or during installation of the ballast into the fixture. The ballasts 112, 122, 132 are each
operable to generate an electronic field that allows radio-frequency (RF) signals 108 (i.e., RFID
signals) to be transmitted to power and activate the RFID tags 118, 128, 138. In response to the
RFID signals 108, each RFID tag 118, 128, 138 is operable to transmit a unique RFID identifier
(i.e., a fixture identifier) to the respective ballast 112, 122, 132. The RFID identifier may be, for
example, a 64-bit serial number that is unique to the specific lighting fixture 110, 120, 130 in
which the RFID tag 118, 128, 138 is installed. In the event that one of the ballasts 112, 122, 132
fails and a new replacement ballast is installed in its place, the RFID identifier of the RFID tag
118, 128, 138 of the fixture 110, 120, 130 (in which the new ballast is installed) is used by the
digital ballast controller 102 to program the newly-installed ballast, as will be described in
greater detail below. Alternatively, the ballasts 112, 122, 132 could be mounted to junction
boxes (not shown) located outside of the fixtures 110, 120, 130, and the RFID tags 118, 128, 138
could each be mounted to the outside of the fixtures or to the junction boxes (but only within the

range of the RF signals 108 generated by the ballasts 112, 122, 132).

[0027] Fig. 2 is a simplified block diagram of the digital ballast controller 102 of the
fluorescent lighting control system 100. The digital ballast controller 120 comprises a rectifier
210 for receiving the AC line voltage and for generating a rectified voltage. A link voltage
power supply circuit 220 receives the rectified voltage and generates the DC link voltage Vik
(i.e., approximately 18 Vpc) for the digital ballast communication link 106. A microcontroller
230 1s coupled to a memory 236 for storage of the database of addresses and configuration
settings, and to a wired communication circuit 234 for transmitting and receiving digital
messages on the digital ballast communication link 106. The microcontroller 230 may
alternatively comprise, for example, a programmable logic device (PLD), a microprocessor, an
application specific integrated circuit (ASIC), or any suitable type of controller or control circuit.

A low-voltage power supply 232 1s connected across the outputs of the rectifier 210 to provide a
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DC supply voltage Ve (e.g., 5 V), which is used to power the microcontroller 230 and other

low-voltage circuitry of the digital ballast controller 102.

[0028] Fig. 3 is a simplified block diagram of one of the digital electronic dimming
ballasts 112 according to the first embodiment of the present invention. The electronic ballast
112 comprises a hot terminal H and a neutral terminal N for receipt of the AC mains line voltage,
and a load control circuit having a front end circuit 310 and a back end circuit 320. The front end
circuit 310 includes an EMI (electromagnetic interference) filter and rectifier circuit 330 for
minimizing the noise provided on the AC mains (i.e., at the hot terminal H and the neutral
terminal N) and for generating a rectified voltage from the AC mains line voltage. The front end
circuit 310 further comprises a boost converter 340 for generating a direct-current (DC) bus
voltage Vpus across a bus capacitor Cgys. The DC bus voltage Vgus typically has a magnitude
(e.g., 465 V) that is greater than the peak voltage Vpx of the AC mains line voltage (e.g., 170 V).
The boost converter 340 also operates as a power-factor correction (PFC) circuit for improving
the power factor of the ballast 112. The boost converter 340 may comprise, for example, a PFC
integrated circuit (not shown), such as, for example, part number TDA4863 manufactured by
Infineon Technologies AG. Alternatively, the ballast 112 may not comprise the boost converter
340, such that the DC bus voltage Vgys has a maximum magnitude equal to approximately the

peak voltage Vpi of the AC mains line voltage.

[0029] The back end circuit 320 includes an inverter circuit 350 for converting the DC
bus voltage Vgys to a high-frequency AC voltage. The inverter circuit 350 comprises one or
more semiconductor switches, for example, two FETs (not shown), and a ballast control
integrated circuit (not shown) for controlling the FETs. The ballast control integrated circuit is
operable to selectively render the FETs conductive to control the intensity of the lamps 114. The
ballast control integrated circuit may comprise, for example, part number NCP5111
manufactured by On Semiconductor. The back end circuit 320 further includes an output

circuit 360 comprising a resonant tank circuit for coupling the high-frequency AC voltage

generated by the inverter circuit 350 to the filaments of the lamps 114.

[0030] A microcontroller 370 is coupled to the inverter circuit 350 for control of the

switching of the FETs to thus turn the lamps 114 on and off and to control (i.e., dim) the intensity
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of the lamps 114 between a minimum intensity (e.g., 1%) and a maximum intensity (e.g., 100%).
The microcontroller 370 méy alternatively comprise, for example, a programmable logic

device (PLD), a microprocessor, an application specific integrated circuit (ASIC), or any suitable
type of controller or control circuit. The ballast 112 further comprises a power supply 372 for
generating a supply voltage Vcc: (e.8., approximately 5 V) for powering the microcontroller 370
and other low-voltage circuitry of the ballast. A wired communication circuit 374 is coupled to
the microcontroller 370 and allows the ballast 112 to communicate with the other ballasts on the
digital ballast communication link 106. The microcontroller 370 is further coupled to a memory
376 for storing the ballast serial number, the short address, the RFID identifier, and the other
configuration settings. Examples of digital electronic ballasts are described in greater detail in
commonly-assigned U.S. Patent No. 7,489,090, issued February 10, 2009, entitled
ELECTRONIC BALLAST HAVING ADAPTIVE FREQUENCY SHIFTING; U.S. Patent No.
7,528,554, 1ssued May 5, 2009, entitled ELECTRONIC BALLAST HAVING A BOOST
CONVERTER WITH AN IMPROVED RANGE OF OUTPUT POWER; and U.S. Patent
Application No. 11/787,934, filed April 18, 2007, entitled COMMUNICATION CIRCUIT FOR
A DIGITAL ELECTRONIC DIMMING BALLAST; the entire disclosures of which are hereby

incorporated by reference.

[0031] The ballast 112 further comprises an identifier retrieval circuit (e.g., an RFID
circuit 390), which is operable to generate the electronic field that allows the RF signals 108 to
be transmitted to power and activate the RFID tag 118. The microcontroller 370 is operable to
receive the RFID identifier from the RFID tag 118 via the RFID circuit 390. The communication
range of the RFID circuit 390 is sized such that only the RFID tag 118 in the fixture 110 in which
the ballast 112 is installed is responsive to the RF signals 108 transmitted by the RFID circuit.
Examples of RFID circuits are shown and described in greater detail in U.S. Patent No.
6,282,407, issued August 28, 2001, entitled ACTIVE ELECTROSTATIC TRANSMITTER
AND COMMUNICATING SYSTEM, and U.S. Patent No. 6,362,738, issued March 26, 2002,
entitled READER FOR USE IN A RADIO FREQUENCY IDENTIFICATION SYSTEM AND
METHOD THEREQF, the entire disclosures of which are hereby incorporated by reference.

[0032] After each ballast 112, 122, 132 is assigned a short address during the
configuration of the lighting control system 100, the ballasts may be programmed with additional
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configuration settings, (e.g., high-end trim, low-end trim, preset intensities, fade times, and
ballast groups) which are stored in the memory 376 of the ballasts and in a memory 236 of the
digital ballast controller 102. During configuration, the ballasts 112, 122, 132 also transmit the
RFID identifiers of the respective RFID tags 118, 128, 138 to the digital ballast controller 102,
such that the digital ballast controller is operable to correlate the RFID identifiers with the
respective short addresses and other configuration settings of each ballast in the memory 236 of

the digital ballast controller.

[0033] When one of the ballasts 112, 122, 132 is replaced by a new replacement ballast,
the new replacement ballast is operable to retrieve the RFID identifier from the respective RFID
tag 118, 128, 138 at startup. The digital ballast controller 102 periodically transmits query
messages for unaddressed ballasts on the digital ballast communication link 106. In response to
the query message, the new replacement ballast (which does not have a short address) transmits a
digital message to the digital ballast controller including the RFID identifier from the respective
RFID tag 118, 128, 138. The digital ballast controller 102 then assigns the short address that
corresponds to the received RFID identifier to the newly-installed ballast. The digital ballast
controller 102 further programs the new replacement ballast with the configuration settings
associated with the received RFID identifier in the memory 236. Since the RFID tags 118, 128,
138 are permanently affixed to the fixtures 110, 120, 130 and cannot be removed from the
fixtures, the RFID tags clearly link the configuration settings of the ballast 112, 122, 132 to each

fixture in which the ballast is installed.

[0034] Fig. 4 is a simplified flowchart of a startup procedure 400 that is executed by the
microcontroller 370 of each ballast 112, 122, 132 when the controller first starts up (i.e., powers
up) at step 410. If the ballast has already been assigned a short address (i.e., there is a short
address stored in the memory 376) at step 412, the ballast simply operates in normal mode at step
414 and the startup procedure 400 exits. If the ballast has not been assigned a short address (i.e.,
the ballast is a replacement ballast) at step 412, the microcontroller 370 causes the RFID circuit
390 to transmit an RFID signal to the respective RFID tag 118, 128, 138 at step 416. The
microcontroller 370 then waits until a response is received from the respective RFID tag 118,
128, 138 at step 418 or a timeout (e.g., 100 milliseconds) expires at step 420. If the timeout

expires at step 420 before the response is received at step 418, the ballast begins to operate in an
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“out-of-box” (i.e., a default) mode at step 422 and the startup procedure 400 exits. On the other
hand, if a response is received at step 418 before the timeout expires at step 420, the
microcontroller 370 stores the received RFID identifier in the memory 376 at step 424 and the

ballast operates in the out-of-box mode at step 422, before the startup procedure 400 exits.

[0035] Fig. 5 is a simplified flowchart of an automatic ballast replacement procedure 500
executed periodically (e.g., once every one to five minutes) by the controller 230 of the digital
ballast controller 102. The controller 230 first transmits a query message for all unaddressed
ballasts on the digital ballast communication link 106 at step 510. If the controller 230 does not
receive any responses at step 512, the automatic ballast replacement procedure 500 simply exits.
However, if the controller 230 receives aresponse at step 512, but the response does not contain
an RFID identifier at step 514 (i.e., the lighting fixture in which the unaddressed ballast is
nstalled does not include an RFID tag), the controller assigns a new short address to the ballast
using the serial number of the ballast at step 516, and then transmits another query message for
all unaddressed ballasts on the digital ballast communication link 106 at step 510. For example,
at step 516, the controller 230 may use a conventional address assignment procedure as described
in previously-referenced U.S. Patent Application No. 11/870,783. The controller 230 must

ensure that no more than one ballast is assigned each unique short address.

[0036] If the response contains an RFID identifier at step 514, but the RFID identifier is
not stored in the memory 236 of the digital ballast controller 102 at step 518 (i.e., the lighting
fixture in which the addressed ballast is installed is new), the controller 230 transmits a new short
address to the ballast at step 520. The controller 230 then stores the received RFID identifier and
the new short address in the memory 236 of the digital ballast controller 102 at step 522 and
transmits another query message for all unaddressed ballasts on the digital ballast communication
link 106 at step 510. If the received RFID identifier is stored in the memory 236 of the digital
ballast controller 102 at step 518, the controller 230 transmits the short address that is associated
with the RFID identifier in the memory to the responding ballast at step 524. The controller 230
then transmits the configuration settings that are associated with the RFID identifier in the
memory 236 to the ballast at step 526 and transmits another query message for all unaddressed
ballasts on the digital ballast communication link 106 at step 510. When there are no more

unaddressed ballasts at step 512, the automatic ballast replacement procedure 500 exits.
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[0037] While the present application has been described with reference to the passive
RFID tags 118, 128, 138, the concepts of the present invention could also be applied to systems
having active RFID tags, for example, powered from the AC line voltage or from a battery. In
addition, the RFID tags 118, 128, 138 could alternatively be implemented by other types of
remote identification devices, such as, for example, a bar code. Fig. 6 is a simplified block
diagram of an electronic dimming ballast 612 having a bar code reader 690 according to a second
embodiment of the present invention. The ballast 612 has many similar functional blocks as the
ballast 112 of the first embodiment (as shown in Fig. 3). According to the second embodiment, a
unique bar code (that serves as a fixture identifier) may be located on the fixture in which the
ballast 612 is mounted at a location at which the bar code reader 690 of the ballast can retrieve
the fixture identifier from the bar code. For example, the bar code may be located on a label 692
affixed to a sidewall 694 of the fixture, and the ballast 612 may be mounted with the bar code
reader immediately adjacent to and directed towards the label 692 having the bar code. At start
up, a microcontroller 670 causes the bar code reader 690 to read the bar code to retrieve the
fixture identifier, transmits a digital message including the fixture identifier to the digital ballast
controller 102, and subsequently receives one or more digital messages including the

configuration settings of the ballast 612.

[0038] Fig. 7 is a simplified block diagram of an electronic dimming ballast 712 that is
operable to retrieve a fixture identifier from a remote identification tag 800 according to a third
embodiment of the present invention. The ballast 712 of the third embodiment includes many
similar functional blocks as the ballast 112 of the first embodiment (as shown in Fig. 3). The
remote identification tag 800 is coupled to the line voltage wiring 104 (Fig. 1) that is connected
to the hot and neutral terminals H, N of the ballast 712, such that the remote identification tag is
coupled in series between the AC power source and the ballast. Since the remote identification
tag 800 remains coupled to the line voltage wiring 104 even when the ballast 712 is removed
from the circuit, the remote identification tag is permanently located in the fixture. Accordingly,
the remote identification tag 800 clearly links the configuration settings of the ballast 712 to the

fixture in which the remote identification tag is installed.

[0039] The ballast 712 and the remote identification tag 800 are operable to communicate

with each other via the line voltage wiring 104, e.g., using power-line carrier (PLC)
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communication, to allow for retrieval of the fixture identifier. Specifically, the ballast 712 and
the remote identification tag 800 comprise respective microcontrollers 770, 870 and respective
PLC communication circuits 790, 890 that are coupled to respective communication transformers
792, 892. In addition, the remote identification tag 800 comprises a filter circuit 894 in the form
of a capacitor Cg, which is coupled such that a communication loop is formed through the current
transformers 792, 892 and an input capacitor Cy (or other capacitance) of the ballast 712. The
remote identification tag 800 further comprises a memory 896 for storing the fixture identifier
and a power supply 898 for generating a low-voltage supply voltage Vpp for powering the
microcontroller 870 and other low-voltage circuitry of the remote identification tag. An example
of a load control system that includes control devices having communication transformers for
PLC communication is described in greater detail in commonly-assigned U.S. Patent Application
No. 11/447,431, filed June 6, 2006, entitled SYSTEM FOR CONTROL OF LIGHTS AND
MOTORS, the entire disclosure of which is hereby incorporated by reference.

[0040] The microcontrollers 770, 870 are operable to excite the communication
transformers 792, 892 to modulate high-frequency signals onto the line voltage wiring 104 to
thus transmit digital messages. Specifically, if the ballast 712 does not have a short address at
startup, the microcontroller 770 transmits a digital message including a fixture identifier request
to the remote identification tag 800 via the line voltage wiring 104. The microcontroller 870 of
the remote identification tag 800 subsequently transmits a digital message including the fixture
identifier stored in the memory 896 to the ballast 712. The capacitor Cr prevents digital
messages transmitted by the microcontroller 770 of the ballast 712 or the microcontroller 810 of
the remote identification tag 800 from being received by any of the other control devices that are
also coupled to the AC mains line voltage. In other words, the digital messages transmitted by
the ballast 712 are only received by the remote identification tag 800, and the digital messages
transmitted by the remote identification tag are only received by the ballast. After retrieving the
fixture identifier from the remote identification tag 800, the microcontroller 770 of the ballast
712 1s operable to transmit a digital message including the fixture identifier to the digital ballast
controller 102 via the digital ballast communication link 106, and to subsequently receive one or

more digital messages including the configuration settings from the digital ballast controller.
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[0041] Accordingly, the present invention provides a fully automatic procedure for
replacing an old programmable ballast with a new programmable ballast. As detailed above, the
new ballast is automatically programmed with the configuration settings of the old ballast after
the new ballast is installed. No additional programming steps or user inputs are required. Since
the procedure of the present invention is fully automatic, a person not skilled to perform ballast
programming procedures is able to replace the old programmable ballast with the new
programmable ballast as if the new ballast were a prior art conventional non-programmable

ballast.

[0042] While the present invention has been described with reference to the ballasts 112,
612, 712, the concepts of the present invention could be applied to other types of load control
devices, such as, for example, light-emitting diode (LED) drivers for LED lighting loads,
electronic switches, motor or fan speed control devices, motorized window treatments, or
dimmer circuits for other types of lighting loads, such as, incandescent lamps, compact
fluorescent lamps, magnetic low-voltage (MLV) lighting loads, and electronic low-voltage

(ELV) lighting loads.

[0043] Although the present invention has been described in relation to particular
embodiments thereof, many other variations and modifications and other uses will become
apparent to those skilled in the art. It is preferred, therefore, that the present invention be limited

not by the specific disclosure herein, but only by the appended claims.
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What is Claimed:

1. A load control device for controlling the power delivered from an AC
power source to an electrical load, the load control device comprising:

a load control circuit adapted to be coupled between the AC power source and the
electrical load;

a controller operatively coupled to the load control circuit for controlling the
power delivered to the load;

a communication circuit adapted to be coupled to a communication link, such that
the controller is operable to transmit and receive digital messages; and

an identifier retrieval circuit coupled to the controller, the identifier retrieval
circuit operable to retrieve an identifier from a remote identification tag located in the vicinity of
the load control device;

wherein the load control device is operable to transmit a digital message including
the identifier on the communication link, and to subsequently receive a digital message including

a load control setting associated with the identifier.

2. The load control device of claim 1, wherein the identifier retrieval circuit
comprises a communication circuit operable to transmit a digital message to the remote
identification tag, and to receive a digital message including the identifier from the remote

identification tag.

3. The load control device of claim 2, wherein the communication circuit

comprises a power-line carrier communication circuit.

4, The load control device of claim 1, further comprising:

a memory coupled to the controller for storing the identifier;

wherein the controller is operable to cause the identifier retrieval circuit to
transmit a signal to the remote identification tag, to receive the identifier from the remote

identification tag, and to store the identifier in the memory.

5. The load control device of claim 1, wherein the identifier retrieval circuit
comprises a RFID circuit for retrieving the identifier from an RFID tag located in the vicinity of

the load control device.
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6. The load control device of claim 1, wherein the identifier retrieval circuit
comprises a bar code reader for retrieving the identifier from a bar code located in the vicinity of

the load control device.

7. The load control device of claim 1, wherein the load control device is

adapted to be mounted to a fixture in which the remote identification tag is located.

8. The load control device of claim 1, wherein the load control circuit

comprises a ballast back end circuit for controlling the intensity of a fluorescent lamp.

0. The load control device of claim 1, wherein the load control device is
operable to receive a plurality of digital messages including a plurality of respective load control

settings associated with the identifier.

10. A load control device for controlling the power delivered from an AC
power source to an electrical load, the load control device adapted to be mounted in a fixture, the
load control device comprising:

a load control circuit adapted to be coupled between the AC power source and the
electrical load;

a controller operatively coupled to the load control circuit for controlling the
power delivered to the load;

a communication circuit adapted to be coupled to a communication link, such that
the controller is operable to transmit and receive digital messages; and

an RFID circuit coupled to the controller and operable to retrieve a fixture
identifier from an RFID tag located in the fixture of the load control device;

wherein the load control device is operable to transmit a digital message including
the fixture identifier on the communication link, and to subsequently receive one or more digital

messages including one or more load control settings associated with the fixture identifier.

11. A load control system for controlling the power delivered from an AC
power source to an electrical load, the system comprising:

a load control device coupled in series electrical connection between the source
and the load for controlling the power delivered to the load, the load control device mounted in

the vicinity of a remote identification tag for storing an identifier, the load control device
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operable to retrieve the identifier from the remote identification tag; and

a controller coupled to the load control device via a communication link, the
controller operable to store a load control setting in a memory, the load control setting associated
with the identifier of the remote identification tag;

wherein the load control device is operable to transmit the identifier to the
controller, and the controller is operable to transmit the load control setting associated with the

1dentifier to the load control device in response to receiving the identifier.

12. The load control system of claim 11, wherein the remote identification tag
comprises an RFID tag and the load control device comprises an RFID circuit for retrieving the

identifier from the RFID tag.

13. The load control system of claim 12, wherein the remote identification tag

comprises a passive RFID tag.

14. The load control system of claim 12, wherein the remote identification tag

comprises an active RFID tag.

15. The load control system of claim 11, wherein the remote identification tag
comprises a bar code and the load control device comprises a bar code reader for retrieving the

identifier from the bar code.

16. The load control system of claim 15, wherein the load control device is
installed in a fixture on which the bar code is located, the load control device mounted such that

the bar code reader is located immediately adjacent to and directed towards the bar code.

17. The load control system of claim 11, wherein the load control device
comprises a communication circuit, the remote identification tag coupled to the AC power
source, and comprising a communication circuit and a memory for storing the identifier; and

wherein the load control device is operable to transmit a digital message to the
remote identification tag, and the remote identification tag is operable to subsequently transmit a

digital message including the identifier to the load control device.
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18. The load control device of claim 17, wherein the communication circuits
of the remote identification tag and the load control device comprise power-line carrier
communication circuits, the remote identification tag comprising a filter coupled such that the
digital message transmitted by the load control device is only received by the remote
identification tag and the digital message transmitted by the remote identification tag is only

received by the load control device.

19. The load control system of claim 11, wherein the load control device is

installed in a fixture, and the remote identification tag is mounted to the fixture.

20. The load control system of claim 19, wherein the remote identification tag

comprises a label affixed to the fixture.

21. The load control system of claim 11, wherein the load control device
comprises a ballast for controlling the intensity of a fluorescent lamp, and the controller

comprises a digital ballast controller.

22. The load control system of claim 11, wherein the load control device
comprises an identifier retrieval circuit for retrieving the identifier from the remote identification
tag, the identifier retrieval circuit operable to transmit a signal to the remote identification tag, to

receive the identifier from the remote identification tag, and to store the identifier in the memory.

23. The load control system of claim 21, wherein the setting comprises one of

a high-end trim, low-end trim, a fade time, and a group of the ballast.

24, The load control system of claim 11, wherein the load control device

comprises an LED driver for controlling the intensity of an LED lighting load.

25. The load control system of claim 11, wherein the controller is also
operable to transmit a short address associated with the identifier to the load control device in

response to receiving the identifier.

26. A method of automatically programming a new load control device of a

load control system, the method comprising:
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storing a setting of an old load control device in a memory of a controller;

associating the setting with an identifier of the old load control device in the
memory of the controller, the identifier representative of a location in which the old load control
device is installed, the identifier stored in a remote identification tag located in the vicinity of the
old load control device;

the new load control device retrieving the identifier from the remote identification
tag after the new load control device is installed in the location of the old load control device;

the new load control device transmitting the identifier to the controller; and

the controller transmitting the setting of the old load control device to the new

load control device in response to receiving the identifier.

27. The method of claim 26, wherein the new load control device retrieves the
identifier from the remote identification tag by transmitting a signal to the remote identification

tag, and subsequently receiving the identifier from the remote identification tag.

28.  The method of claim 26, further comprising:
the controller transmitting a short address of the old load control device to the

new load control device in response to receiving the identifier.

29.  The method of claim 26, wherein the identifier representative of a fixture
in which the old load control device is installed, the fixture having a remote identification tag

storing the identifier

30. The method of claim 26, further comprising:

removing the old load control device from the system after the setting is stored in
the memory of the controller and is associated with the identifier of the old load control device;
and

subsequently installing the new load control device in the location of the old load
control device prior to the new load control device retrieving the identifier from the remote

identification tag.
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