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(57) Abstract: A ballast for use in a multi-ballast lighting system wherein the ballasts are coupled together by a digital communi-
cation network. The ballast comprises a power circuit portion for providing an electrical current to power a lamp. The ballast further
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processor and to the communication network for exchanging data. The ballast processor is operative to receive a serial data that has
a portion defining whether the message is in a first or a second format, the first format comprising a DALI standard format and the
second format comprising a format providing extended functionality. The ballast processor is capable of processing messages in

either the first or second formats.
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DISTRIBUTED INTELLIGENCE BALLAST SYSTEM
AND EXTENDED LIGHTING CONTROL PROTOCOL

BACKGROUND OF THE INVENTION

Field of the Invention

[0001]  The present invention relates generally to a multi-ballast lighting and
control system, and, more particularly, to a distributed intelligence multi-ballast
lighting system employing a DALI backward compatible extended protocol for
messages 1n a lighting control network that extends the functionality of the lighting

control network.

Description of Related Art

[0002] Inrecent years, large-scale lighting systems have been developed to meet
the needs of lighting applications with distributed resources and centralized control.
For example, building lighting systems are often controlled on a floor by floor basis
or as a function of the occupancy space used by independent groups in the building.
Taking a floor of a building as an example, each room on the floor may have
different lighting requirements depending on a number of factors including
occupancy, time of day, tasks ongoing in a given room, security and so forth, for

example.

[0003] When a number of rooms are linked together for lighting purposes, control
of lighting in those rooms can be centralized over a network. For example, while
power to various lighting modules can be supplied locally, control functions and
features of the lighting system can be directed through a control network that sends

and receives messages between a controller and various lighting system components.
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For instance, a room with an occupancy sensor may deliver occupancy-related
messages over the network to inform the controller of the occupancy condition of the
given room. If the room becomes occupied, the lighting controller cartause the

lighting in that room to turn on, or be set to a specified dimming level.

{0004] When messages are exchanged in the lighting control network, a protocol
is employed to permit the various network components to communicate with each
other. One popular protocol presently in use is the Digital Addressable Lighting
Interface (DALI) protocol. The DALI protocol represents a convention for
communication adopted by lighting manufacturers and designers to permit simple
messages to be communicated over a lighting network in a reasonably efficient
manner. The DALI protocol calls for a 19 bit message to be transmitted among
various network components to obtain a networked lighting control. The 19 bit
message 1s composed of address bits and command bits, as well as control bits for
indicating the operations to be performed with the various bit locations and the
message. For example, one type of message provides a 6 bit address and an 8 bit
command to deliver a command to the addressed network component. By using this
protocol technique, sixty-four different devices may be addressed on the lighting
network to provide the network control. A large number of commands can be
directed to the addressable devices, including such commands as setting a power on

level, fade time and rates, group membership and so forth.

[0005] A conventional ballast control system, such as a system conforming to the
DALI protocol, includes a hardware controller for controlling ballasts in the system.
Typically, the controller is coupled to the ballasts in the system via a single digital
serial interface, wherein data is transferred. A disadvantage of this single interface is

that the bandwidth of the interface limits the amount of message traffic that can
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reasonably flow between the controller and the ballasts. This can also create delays

in times to commands.

- e

[0006]  In the present day DALI protocol, a portion of the command space is set
aside for future functionality, or for adaptation by individual users. However, the
reserved command space provides limited additional functionality due to the
relatively small number of commands available in the space that is set aside. In
addition, it is less desirable to use the reserved command space for customized
network lighting applications, due to problems with interoperability. For example, if
different manufacturer components are used on a DALI lighting network, and the
components expect to use a command in the reserved command space for different
purposes, the lighting network would operate improperly due to the conflict in the

command space.

[0007]  More recently, lighting designers have demanded greater functionality
from lighting networks to realize improved features in the operation of a lighting
system. For example, the lighting designer may desire that a number of lighting
components may be located in a single room, each of which may require an address.
One simple example is a room that includes multiple ballasts for control of
fluorescent lamps, a photosensor to determine the amount of light in the room, an
occupancy sensor, and a contro] station. It is desirable to have these components

provided over one single lighting control network.

[0008]  As more and more demands are placed on the lightiﬁg control network to
increase the functionality of the lighting system, the DALI protocol becomes limited
in its ability to handle a wide variety of commands, even when the reserved
command space is utilized. In addition, the addressing arrangement in the DALI

protocol is limited to 64 addresses for each DALI controller. As more lighting
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devices are connected to a DALI network, additional DALI controllers are needed
because of the limited address space. With a large number of DALI controllable
devices'in a building, a number of DALI controllers are used and™a buifling control
system or network is connected to the DALI controllers to provide further
extendibility and flexibility in the lighting control for the building. Such an
arrangement can become increasingly expensive and fault intolerant as more and

more devices are added to each DALI network.

[0009]  Another feature of the DALI controller used in DALI protocol networks is
that the controller supplies power to all devices on the network, as well as control
and query commands. One drawback of this arrangement is observed if the DALI
controller fails, meaning the loss of the power bus as well as the command/control
bus. Accordingly, if the controller fails, the entire lighting system will be non-

functional.

[0010]  Another operation for the DALI protocol that tends to reduce response
time is the polling of devices in the DALI bus. For example, if an occupancy sensor
is to be used to turn on a ballast through the DALI network, the DALI controller
polls the sensors in the DALI network to determine when an event occurs to indicate
a change in the occupancy of a room, meaning the associated ballast should be
energized. The process for polling the devices on the DALI bus can be somewhat
time intensive, because polling commands may be supplied for each device on the
DALI bus in a cyclical fashion, so that the latency for a given occupancy sensor to
indicate a change in status may be significant. In effect, the control for the entire
DALI network is centralized through the DALI controller, so that control is effected

through processing and communication from a central point.
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[0011]  Another aspect of devices that are used on a DALI network is the fact that
the components must include communication ports for connection to the DALI bus,
and be able to communicate with a DALI controller. Accordingly, th&devices are
inherently more complex than traditional devices that are not connected to a network.
The complexity of the components can significantly increase the cost of a DALI

controlled lighting network.

SUMMARY OF THE INVENTION

[0012] In accordance with one aspect of the present invention, a protocol is used
with a conventional DALI network lighting system that extends the capability of the
system to permit greater functionality and flexibility. Preferably, the conventional
DALI command word supplied on the DALI network is expanded to three bytes, and
two additional bits, conventionally placed at the end of a message and referred to as
“stop bits,” and used to indicate the end of a DALI message, are toggled to increase
the functionality of the conventional protocol. In the conventional DALI protocol,
the last two bits of a message are set to be floating to indicate the end of a DALI
message. Wheﬁ either of the last two bits are made to transition, rather than float,
the devices interpret the data received according to the extended, increased
functionality protocol thereby increasing the functionality and flexibility of the
lighting system.

[0013]  Thus, the protocol of the present invention operates in a conventional
DALI system, because conventional DALI meésages can also be provided on the
DALI network to communicate with conventional DALI devices. When an extended
protocol message is transmitted on the network, any conventional DALI devices, i.e.,
those that are not configured to interpret messages sent using the extended protocol,

ignore the message due to the transitions in the final 2 bits of the message. More
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particularly, those devices that are capable of only receiving DALI protocol
messages ignore messages that are formatted according to the extended protocol.
Howeveér, those devices according to the present invention which are Capable of

receiving and interpreting an extended protocol message function accordingly.

[0014]  Either of the final 2 bits in the message may be transitioned to signal the
extended protocol is being employed, effectively increasing the number of messages
available on the conventional DALI bus. No new wiring or changes to the DALI bus
or controller are needed to implement the protocol or to add new functionality to
existing systems. In addition, the reserved DALI commands are not needed to
extend the functionality and flexibility of the lighting network system, so that
conflicts between devices made by different manufacturers are not an issue. In
accordance with a feature of the present invention, a transition in either of the final 2
bits causes the message to be ignored by conventional DALI devices, so that
additional transitions are available to expand the amount of data communicated in a
message. For example, when an extended protocol message is transmitted, the final
2 bits of a conventional DALI message are toggled, as well as an additional number
of message bits to form an extended message within an appropriate time frame to
prevent interference while expanding the functionality of the system. Devices
according to the invention tied to the DALI bus can easily be programmed to
received both conventional DALI messages and extended protocol messages,
effectively increasing the flexibility of the network by permitting greater system
functionality provided by the extended protocol messages. If a conventional DALI
message is targeted for a device capable of responding to both the conventional
DALI protocol and the extended protocol, the device will interpret the conventional
DALI message appropriately by recognizing the lack of a transition in the final 2 bits

of the DALI message. Similarly, the device will recognize an extended protocol
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message when a transition is detected in either of the 2 final bits of an extended

protocol message.

[0015] Inaccordance with a feature of the present invention, a network of devices
may include 256 devices, rather than the conventional 64 in the DALI protocol. In
addition, the extended protocol permits the definition of groups within the lighting
network, so that sets of devices can respond as a single unit, rather than having to
communicate with each individually. For example, a set of devices can be
programmed to be within a given group, with appropriate default set points for the
group. When an extended protocol message is received to cause the group to return

to a default, all the devices in the group can return to the given set point.

[0016]  In accordance with another feature of the present invention, the power and
control can be separated or distributed, so that the failure of a given controller does
not cause the entire network to fail. Each device on the network can be enabled with
the extended protocol to act as a sender or receiver, 1.e., controller, with power
supplied to each device individually. Accordingly, the intelligence of the system
according to the invention is distributed amongst the individual devices, 1.e., the
individual ballasts that include processing power. Therefore, if the central DALI

controller fails, the system still retains functionality.

[0017]  Further, the network wiring need only be for communication, rather than
for communication and power. The extended protocol network can be realized as a
two wire system, which can fall into a class 2 category for eléctn'cal standards,
meaning that no conduit is needed for running the wires. In the conventional DALI
system, power lines and control lines are provided to each device, so that the wiring
is in a class 1 category, indicating the need for a conduit to run the wire to the

various devices.



WO 2006/065653 PCT/US2005/044646

-8-

[0018] In accordance with another feature of the present invention, control for the
network can be decentralized, meaning that each device on the network can include
some intelligence to operate various devices connected to it, in additior to having an
interface for connecting to an extended protocol network. Such a system permits
greater flexibility and faster responsiveness due to the lack of a centralized control
that polls all the devices in the network on a cyclical basis. For example, an
occupancy sensor and a ballast in a given room can be connected to each other so
that a signal from the occupancy sensor immediately tumns on the ballast, rather than
waiting for a polling command from the central DALI controller. Either of the
devices, for example, the occupancy sensor or the ballast can be configured to have
an interface for the extended DALI protocol network. In a standard DALI system, if
the controller fails, because the polling operation stops, the ballasts would not
respond to an occupancy sensor. This is because in the conventional DALI system,
the sensor input is provided to the controller, and the controller must then instruct the
ballast. If the controller fails, then the ballast will not receive instructions to tum

lights on or off.

[0019]  According to another advantage of the present invention, maintenance of a
lighting system using the extended protocol system is more efficient and more easily
achieved due to the localized rather than centralized control. One type of advantage
contemplated in accordance with the present invention is an additional controller that
can be attached to the extended DALI protocol network to act as a peer to peer
controller to provide a gate keeping function between various devices on the
network. In such a configuration, peer to peer operations increase responsiveness in

the DALI lighting system to provide greater functionality and flexibility for the

entire system.
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[0020]  Other features and benefits of the present invention are realizable by the
combination of individual ballasts that include processing power, and the
configuration of the ballasts to utilize the extended DALI protocol. Fot example,
ballasts are configured in a default “out-of-box™ mode to perform various functions
upon installation and without additional configuration and setup. More particularly,
a ballast is configured with a photosensor input and broadcasts its sensor data over
the shared interface automatically. Further, ballasts are configured upon installation
without configuration to function as a standard DALI ballast such that information
that is broadcést over a DALI compatible communication link is automatically
received by an “out-of-box” ballast that has not yet been “commissioned” (i.e.,

configured with an address and various programming instructions).

[0021]  Yet another feature of the present invention is that commissioning of the
distributed system is greatly simplified. Assigning an address to a ballast installed
on a DALI communication link can be performed in various ways, including by
entering commands on a keypad, using an infra-red transmitter to send commands to
an infra-red receiver input on a ballast, and by transmitting commands using another
device having a processor and memory, such as a properly configured power supply

and/or controller device.

[0022]  Further, the present invention improves the commissioning of replaced
ballasts. In one embodiment, for example, a database is referenced that stores
configuration information for every ballast on a communication link. After a
replacement ballast is added to the database, any configuration information relating
to the replaced ballast is automatically assigned to the replacement ballast. In this
way, a plurality of ballasts that replace faulty ballasts can be commissioned quickly

and accurately.
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[0023]  Yet another benefit of the present invention includes the use of
programming routines that can be used, for example, by a single ballast that is
configured to receive sensor readings from a plurality of photocells, afd, thereafter
to average and broadcast the averaged readings to other devices on the link. Thus,
for example, a ballast can provide an accurate representation of the amount of light
that is produced from a single lamp or plurality of lamps and from another source,

such as natural sunlight.

[0024]  Another feature of the present invention includes scaling input values to
accommodate various operation range limitations of the installed ballasts. For
example, one ballast that has a range of operation that is smaller than another ballast
receives an input command that is scaled to factor into consideration the limitations
of the ballast’s range of operation. By scaling input values for various devices on the
communication link, the present invention improves accuracy, for example, with

respect to commands sent and received by various ballasts.

[0025]  The present invention also provides for a process of seasoning or “burn-
in” of lamps to prevent a decrease in lamp life that is caused by dimming a lamp too
early after a lamp is first installed. In accordance with the present invention, ballasts
are configured in “out-of-box” mode to automatically supply a lamp with full power
for a minimum amount of time, such as 100 hours. Further, the ballast is preferably
configured to ignore commands issued from any device on the communication link
that may interrupt the burn-in process, such as a command to dim. Thus, another
benefit of the present invention is help assure that lamp life will not be decreased due

to dimming the lamp before it has been properly “seasoned.”
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[0026]  Other features and advantages of the present invention will become
apparent from the following description of the invention that refers to the

accompanying drawings. - o=

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Fig. 1 is a diagram of a distributed ballast system 100 in accordance with

an exemplary embodiment of the present invention.

{0030]  Fig. 2 is a block diagram of a multiple-input ballast having a digital
processing circuit 14 in accordance with an exemplary embodiment of the present

invention.

[0031]  Fig. 3 illustrates an example message in accordance with the extended

protocol of the present invention.

{0033]  Fig. 4 is a flow chart that includes example steps associated with the bumn-

in process of the present invention.

[0035]  Fig. 5 shows the basic process flow for each ballast coupled into the

lighting system of the present invention.

[0036]  Fig. 6 shows the process of obtaining photosensor readings in accordance

with the present invention.
[0037]  Fig. 7 shows steps associated with establishing a ballast high end trim
[0038]  Fig. 8 shows steps associated with establishing a ballast low end trim

[0039]  Fig. 9 shows how the ballast processor processes a normal DALI

command.
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[0040]  Fig. 10 shows how the ballast processor processes a scaled input control

command in the extended protocol of the present invention.

p— o

[0041]  Fig. 11 shows a diagram summarizing the results of the flowcharts of Figs.
7-10.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

System Overview

[0042]  Referring to the drawing figures, in which like reference numerals refer to
like elements, Fig. 1is a diagram of a distributed ballast system 100 in accordance
with an exemplary embodiment of the present invention. AsshowninFig. 1,a
plurality of ballasts 12 that comprise processors 14 are installed on a communication
link 16, preferably a DALI communication link. Coupled to each ballast is a lamp or
lamps 44, and some or all of the ballasts 12 have sensors attached thereto. For
example, photocell sensors 22 and occupancy sensors 26, as well as infrared
receivers 24 are shown attached to some ballasts 12. Also as shown in Fig. 1, at least
one ballast is provided that has no sensor input, and at least one photosensor 24A is
provided that is attached to link 16 as a stand alone device. Thus, devices are

provided on communication link 16 in various combinations.

[0044] The DALI communications link 16 is Bi—directional, and an incoming
signal can comprise a command for a ballast 12 to transmit data about the current
state or history of the ballast’s operation via the link. The ballast can also use the
DALI communications link 16 to transmit information or commands to other ballasts

that are connected to that ballast.
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{0045] By utilizing the bailast’s ability to initiate commands to other ballasts,
multiple ballasts can be coupled in a distributed configuration. For example, a first
ballast éan receive a command from an infrared (IR) transmitter I8 vidthe first
ballast’s IR receiver 24 to turn off all lamps 44 of the system 100. This command is
transmitted to other ballasts 12 in the system 100 via the DALI communications link
16. In another embodiment, the ballasts 12 of the system 100 can be coupled in a
master-slave configuration, wherein a master ballast receives one or more signals
from a central controller 20 or from a local control device such as control station 28,
and sends a command or commands to other ballasts 12 to control the operation of
their respective lamps 44, or to synchronize the operation of the other ballasts 12

with the master ballast.

[0046] The master ballast may also send commands and/or information pertaining
to its configuration to other control devices, such as central controllers 20. For
example, the master ballast may send a message containing its configuration to other
controllers 20 and/or ballasts 12 indicating that it reduced its light output power by
50%. The recipients of this message (e.g., slave devices, local controllers, central
controllers) could independently decide to also reduce their respective light output
power by 50%. The phrase lighting loads includes fluorescent lamps, other
controllable light sources, and controllable window treatments, such as motorized
window shades. The central controller may be a dedicated lighting control, such as a
DALI controller 20, as shown, or may also comprise a building management system,

A/V controller, HVAC system, peak demand controller and energy controller.

[0047] In an exemplary embodiment of the system 100, each ballast 12 is
assigned a unique address, which enables other ballasts and/or a controller to issue
commands to specific ballasts. The IR receiver 24 on each ballast can be utilized to

receive IR message containing a numeric address that is loaded into a memory of the
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ballast 12. Also, the IR message can serve as a means to “notify” a ballast that the
ballast should acquire and retain an address that is being received on a digital port
connected to the DALI communication link 16. Generally, a portcormprises
interface hardware that allows an external device to “connect” to the processor. A
port can comprise, but is not limited to, digital line drivers, opto-electronic couplers,
IR receivers/transmitters, RF receivers/transmitters. As known in the art, an IR
receiver is a device capable of receiving infrared radiation (typically in the form of a
modulated beam of light), detecting the impinging infrared radiation, extracting a
signal from the impinging infrared radiation, and transmitﬁng that signal to another
device. Also, as known in the art, an RF receiver can include an electronic device
such that when it is exposed to a modulated radio frequency signal of at least a
certain energy level, it can respond to that received signal by extracting the
modulating information or signal and transmit it via an electrical connection to

another device or circuit.

[0048]  As described above, each of the multiple control inputs of each processor
14 is capable of independently controlling operating parameters for the ballast 12 in
which the processor 14 is contained, and for other ballasts in the system 100. In one
embodiment, the processor 14 implements a software routine, referred to as a set
point algorithm, to utilize the information received via each of the input terminals,
their respective priorities, and the sequence in which the commands are received.
Various set point algorithms are envisioned. As shown in Fig. 1, each ballast 12
need not have a sensor input. A ballast need not have any sensor inputs, or it may

have one sensor inputs, or it may have any combination of sensor inputs.

[0050] The ballasts and thus the lamps can be controlled by the optional
controller 20, by the individual ballast input signals from the sensors and dimmers,

or a combination thereof. In another embodiment, the optional controller is
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representative of a building management system coupled to the processor controlled
ballast system via a DALI compatible communications interfacel6 for controlling all
rooms in a building. For example, the building management system cail issue

commands related to load shedding and/or after-hours scenes.

[0051]  An installation of several ballasts and other lighting loads can be made on
a common digital link 16 without a dedicated central (or “master”) controller 20 on
that link. Any ballast 12 receiving a sensor or control input can temporarily become
a “master” of the digital bus and issue command(s) which control (e.g., synchronize)
that state of all of the ballasts and other lighting loads on link 16. To insure reliable

communications, known data collision detection and re-try techniques can be used.

[0054] Fig. 2 is a block diagram of a multiple-input ballast 12 having a processor
14 in accordance with an exemplary embodiment of the present invention. As shown
in Fig. 2, ballast 12 comprises a front end or input circuit 10 comprising a rectifying
circuit 26 and a boost converter circuit 28, a back end or output circuit 30 comprising
an inverter circuit and an output filter circuit, and a digital processing circuit 34.
Processing circuit 34 includes a processor 14, a DALI communication port 36, an
occupancy sensor input circuit 38A, a photosensor input circuit 38B, and an IR
receiver 38C. A power supply 32 provides power to processing circuit 34. The back
end 30 of the ballast 12 drives the gas discharge lamp 44 in accordance with back
end control signal 50 from the processor 14. Although depicted as a single lamp 44
in Fig. 2, the ballast 12 is also capable of driving a plurality of lamps. To better

understand the ballast 12, an overview of the ballast 12 is provided below.

[0055]  As shown in the exemplary embodiment depicted in Fig. 2, the rectifying
circuit 26 of ballast 12 is capable of being coupled to an AC (alternating current)

power supply. Typically the AC power supply provides an AC line voltage at a
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specific line frequency of 50 HZ or 60 Hz, although applications of the ballast 12 are
not limited thereto. The rectifying circuit 26 converts the AC line voltage to a full
wave rectified voltage signal 58. The full wave rectified voltage signal™>8 is
provided to the boost converter 28. The boost converter circuit 28 boosts the
rectified AC voltage 58 to a boosted DC voltage level and supplies the boosted
voltage to a DC bus 16 across which a bus capacitor 17 is disposed. The boosted DC
voltage is provided to an inverter circuit of the back end 30. The back end 30
converts the boosted voltage to a high-frequency AC voltage to drive the gas.
discharge lamp 44.

[0057]  The power supply 32 is coupled to the output of the RF filter and rectifier
26 to provide power to the processing circuit 34. The processor 14 can comprise any
appropriate processor such as a microprocessor, a microcontroller, a digital signal
processor (DSP), or an application specific integrated circuit (ASIC). Further, a
program can be stored in a memory residing within the microprocessor, in external
memory coupled to the microprocessor, or a combination thereof. The program is
recognizable by the microprocessor as instructions to perform specific logical
operations. The processor 14 is coupled to the DALI communication port 36 that
allows for the transmission and receipt of messages on the DALI link 16. The
occupancy sensor input circuit 38A allows for an external occupancy sensor to be
connected to the ballast. Control signals from the occupancy sensor are transmitted
to the processor 14. The photosensor input circuit 38B receives a control signal from
a photosensor and communicates the photosensor reading to the processor 14. The
infrared receiver 38C receives infrared signals from the infrared transmitter 18 and

relays the signals to the processor 14.

[0059] In one embodiment, the processor 14 performs functions in response to the

status of the ballast 12. The status of ballast 12 refers to the current condition of the
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- ballast 12, including but not limited to, on/off condition, running hours, running
hours since last lamp change, dim level, operating temperature, certain fanit
conditions including the time for which the fault condition has peTsistet, power
level, and failure conditions. The processor 14 comprises memory, including non-
volatile storage, for storage and access of data and software utilized to control the
lamp 44 and facilitate operation of the ballast 12. The processor 14 processes the
received signals from the DALI communication port 36, the occupancy sensor input
circuit 384, the photosensor input circuit 38B, and the infrared receiver 38C, and
provides processor output signal 50.to the inverter circuit 30 for controlling the gas
discharge lamp 44. In one embodiment, the inputs to the ballast, via the DALI
communication port 36, the occupancy sensor input circuit 38A, the photosensor
input circuit 38B, and the infrared receiver 38C, are always active, thus allowing the
inputs to be received by the processor 14 in real time. The processor 14 can use a
combination of present and past values of the inputs and computational results to

determine the present operating condition of the ballast.

DALI/Extended Protocol

[0060] In the standard DALI protocol, as previously described, messages are
formatted with a start bit, two bytes of data, comprising 8 bits of address data
followed by 8 bits of command data and two stop bits. The DALI protocol is
implemented using Manchester encoding, in which a bit of information is
communicated by a positive-going or negative-going transition of the control signal
within a timing interval. For example, a “logic high” (or a bit baving a value of ‘17)
results from the control signal changing from the low state (of zero volts) to the high
state of the DALI link (approximately 18 volts) within the timing interval. Similarly,

a “logic low” (or a bit having a value of ‘0°) results from a control signal changing
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. from the high state to the low state within the timing interval. One skilled in the art

would understand the fundamentals of Manchester encoding.

_— .

[0061]  The two “stop bits” signal the end of a DALI message, and are t\;vo “idle
high bits”. The idle state of the DALI link (when no devices are communicating) is
the high state (of 18 volts). At the end of a DALI message, the device receiving the
message waits for the two “idle high bits”, when the DALI link must be maintained
high for the duration of two timing intervals. Note that since the message is not

changing levels during the time intervals, no data is being communicated.

{0062] However, as described previously, the standard DALI system does not
provide sufficient functionality and flexibility to control a more complex system
having increased functionality, such as described above with respect to system 100.
Thus, in order to support the increased functionality described herein, an extended,

fully DALI compatible protocol is provided.

[0063]  As noted above, a standard DALI message includes 19 bits: one control bit
indicating a start of a message, plus two bytes comprising address and message
content, plus two “stop bits” that indicate the end of a DALI message. The extended
DALI protocol of the present invention is configured to extend the standard DALI
protocol in at least two ways. First, the size of any message using the extended
DALI protocol that is transmitted over communication link 16 and that originates
from any extended DALI protocol compatible device is expanded from two bytes

A (plus the three control bits), to three bytes (plus the three control bits). By providing
an additional 8 bit component to a message, a significant increase in the amount of
information content transmitted between devices can be provided, thus increasing
functionality. Examples of such increased content and associated functionality are

provided below.
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[0064]  Fig. 3 illustrates the structure of a threg byte message in accordance with
the extended protocol of the present invention. As shown in Fig. 3, the first bitis a
start bit, followed by the first 8-bit byte representing the device addressT The second
message byte is a command byte that includes information on what type of device is
issuing the message and what the actual command is. The third address byte
comprises the device data, which might be data to store to memory or data that is
important in executing the command from the previous byte of the message. The last

two bits are “stop bits” that define the end of the message.

[0065]  Asasecond way to extend the DALI protocol, the two “stop bits” at the
end of the message are provided in a different state than the two “idle high bits” of
the standard DALI protocol. A standard DALI compatible device is not configured
to recognize any message that does not comply with both stop bits being set in an
“idle high” state. DALI compatible devices that are configured to recognize the
extended protocol of the present invention, however, are signaled to receive and
interpret extended protocol messages because the two “stop bits” have a state other
than two “idle high” time intervals. For example, the “stop bits” for a message of the
extended protocol might be two “idle low” time intervals, where the transmitting
device drives the link low for two complete time intervals. Or the “stop bits” might
be one “idle low” time interval followed by one “idle high” time interval, or vise

versa,

[0066] Thus, as described above, the present invention enables devices
compatible with the extended protocol to receive and interpret much more
information over communication link 16 than previously available. The increase in
meésage length from two bytes to three bytes, enables a substantial increase in the
amount of information that can be transmitted over communication link 16. Thus,

the extended DALI compatible protocol of the present invention affords a significant
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increase in functionality, such as to support complex lighting control systems ina

variety of physical environments.

[0067] Examples of increased functionality that results from the extendéd
protocol of the present invention are as follows. Ballasts 12 that are compatible with
the extended protocol can are capable of transmitting and receiving input readings
from various sensor devices, such as photocell sensors, occupancy sensors and
infrared devices across the DALI link. Moreover, ballasts 12 can be configured to
broadcast and receive sensor data from one or more selected devices over
communication link 12. Ballasts 12 are also configurable to be associated with
particular groups of devices (e.g., other selected ballasts, photocells, keypad con&ols,
etc.), thereby increasing the configuring of various scenes and lighting control
combinations. Also, multiple wallstations can be used to control the system, since a

ballast can broadcast local data to the rest of the system 100.

[0068] In addition to the above described benefits, the increased message size
provided by the extended protocol and distributed intelligence provided by
processors 14 in ballasts 12 reduces the prior art need for polling ballasts from a
central controller 20 in order to issue commands thereto. This functionality greatly
improves the efficiency and response time of system 100. Processes associated with
polling can, if desired, be limited in accordance with the present invention to
standard DALI functions and to only occasional communication between a master
controller 20 and a ballast 12, for example, to ensure that ballast 12 is functioning.
Of course, one skilled in the art will recognize that any ballast functioning as
controlling device can poll another device to ensure that device is functioning within
normal operating parameters. In fact, improved diagnostics are made possible by the
extended protocol, for example, by setting a least significant bit to indicate

operational status information.
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[0069]  Other features that are directly attributable to the extended protocol
include processes and algorithms that can be employed to perform various tasks. For
example, tasks associated with scaling and averaging (described in detzil, below) are
made possible by the increase in message size supported by the extended DALI

protocol.

[0070]  The protocol of the present invention is backward compatible and operates
in a conventional DALI system. In effect, conventional DALI messages can be
provided on the DALI network to communicate with conventional DALI devices.
When an extended protocol message is transmitted on the network, any conventional
DALI devices that are not configured to interpret messages sent using the extended
protocol simply ignore the message due to the states of the stop bits. Devices
according to the present invention which are capable of interpreting an extended
protocol message receive and interpret the extended protocol message and function

accordingly.

[0071]  Also, no new wiring or changes to the DALI bus or controller are needed
to implement the protocol or to add new functionality to existing systems. The
network wiring need only be for communication, rather than for communication and
power. The extended protocol network can be realized as a two wire system, which
can fall into a class 2 category for electrical standards, meaning that no conduit is
needed for running the wires. In the conventional DALI system, power lines and
control lines are provided to each device, so that the wiring is in a class 1 category,

indicating the need for a conduit to run the wire to the various devices.

[0072]  Further, devices according to the invention and tied to the DALI bus can

easily be programmed to receive both conventional DALI messages and extended
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- protocol messages, effectively increasing the bandwidth of the network by permitting

greater throughput of data in the extended protocol messages.

[0073]  In accordance with a feature of the present invention, a net\—;v?o—rk of devices
may include 256 devices, rather than the conventional 64 in the DALI protocol.
Also, the power and control of communication link 16 can be separated or
distributed, so that the failure of a given controller does not cause the entire network
to fail. Each device on the network can be enabled with the extended protocol to act
as a sender or receiver, i.e., controller, with power supplied to each device
individually. Accordingly, the intelligence of the system according to the invention
is distributed amongst the individual devices, i.e., the individual ballasts that mclude
processing power. Therefore, if the central DALI controller fails, the system still

retains functionality.

[0074] A discussion of specific details with respect to the extended protocol,

including specific settings of various bits, is now provided.

[0075]  As described above, the extended protocol of the present invention is an
extension of the standard DALI protocol version 1.0 as defined in Annex E and F of
IEC60929 Ed2 2003. According to the present invention, the extended protocol of
the present invention preferably employs Manchester bit encoding, and transmits at a

baud rate of 1200 BPS, with an individual bit time of 833.3 microseconds.

[0076]  Preferably, additional commands are provided with the same or similar
structure as DALI commands with at least the following exceptions. In accordance
with a preferred embodiment of the extended protocol, forward frame commands are
three bytes long (a backward or reply frame is one byte and has the same timing

requirements as defined in standard DALI).



WO 2006/065653 PCT/US2005/044646

223 -

- [0077]  According to the present invention, the timing of forward frame
transmission (formatted in three bytes) is subject to a randomized delay to prevent
repeated collisions. When the devices on DALI link 16 start to broadcast, both DALI
and extended protocol messages are likely to collide with the broadcasts. Therefore,
on an extended DALI protocol link both DALI and extended protocol messages are
preferably subject to collision handling requirements. Preferably, timing depends on
the priority of a message, i.¢., high priority or low priority. High priority messages
have a relatively short inter-message time delay that ensures that, in case of a
collision, they are transmitted first. Low priority messages have a longer inter-

message time delay.

[0078]  In the extended protocol of the present invention, the first of two end “stop
bits” is provided as an “idle low” state. The second “stop bit” provided as an “idle
high” state. The extended protocol prevents multiple collisions using two techniques:
1) synchronization to the last low to high transition on the link 16 (between the first
and second “stop bit”), which usually results in loss-less collisions; and 2) random -

message delay which minimizes likelihood of repeated collisions.

[0079]  More particularly, in accordance with the extended protocol of the present
invention, a forward frame delay comprises a fixed portion and a randomized
portion. An extended protocol responsive device provides random delay by
generating a random number in the range of 0-7. The randomized portion of the
message delay is preferably divided into 16 discrete time slots, wherein each time
slot is % bit time (416.67usec) long. Eight slots are allocated for each message

priority level.

[0080]  An extended protocol responsive device with a pending high priority

extended protocol message is directed to wait between 11.27 microseconds and
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14.18 microseconds (0-7 time slots) before the start of transmission. This time delay
is measured from the last occurrence of a confirmed low level on the link.
Furthermore, each device with a pending low priority extended protocsFmessage
must wait between 14.6 microseconds and 17.51 microseconds before the start of
transmission. Thus, high priority messages (such as generated from a ballast having
an occupancy sensor input) have a shorter delay and are transmitted before low

priority messages.

[0081]  In dccordance with a preferred embodiment, a transmitting device detects
collision during the high level portion of each Manchester encoded bit. If a low
logic state is found on the link when the device is trying to transmit a high logic
state, the current transmission is interrupted immediately. In case of a collision, the
transmitting device re-initializes the delay timer by selecting a different random slot

count, and the pending message is resent as usual when the link is determined to be

free.

[0082]  In accordance with high priority messages, a sensor broadcasts user input
commands with critical response time requirements. In accordance with low priority
messages, the configuration commands originate from the controller, as the

controller is able to implement more sophisticated error checking and re-try schemes. -

[0094]  The extended protocol of the present invention dramatically increases
functionality and improves efficiency with respect to communication between
devices on a2 DALI communication link. As will be clear to oné skilled in the art,
virtually every improvement over prior art DALI functionality, described herein,

utilizes the extended protocol in some way.
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Qut-of-Box Mode

[0095] - In a preferred embodiment of the present invention, ballasts 12 are pre-
configured to perform various functions upon installation and without the need for
additional configuration and setup. In this way, the ballasts 12 will operate under a
set of default conditions when they are installed “out-of-box™ and will operate in

accordance with these default conditions until configured, as described herein.

[0096]  As.used herein, the term, “out-of-box” refers, generally, to the state of
ballast 12 upon manufacture. An installed ballast will be in out-of-box mode if it has
not been configured upon installation. The out-of-box mode represents a default
configuration of the ballast upon initial installation assuming no other instituted
configuration. The out-of-box mode includes the following functionality: receiving
and broadcasting photosensor status and data over the DALI communication link 16,
as well as averaging the readings of photosensor 22, scaling target input levels, and
performing automatic burn-in functions. Details of each of these functions are

provided below.

[0097]  Upon manufacture, ballast 12 is preferably configured with a unique
identifier or serial number, such as an alpha-numeric code, which can be used to
distinguish one ballast from another. The unique alpha-numeric code identifies a
particular ballast 12, and after the ballast 12 is commissioned into the lighting
system, the ballast is further assigned a unique DALI address on the DALI

communication link 16.

[0100]  As noted above, in a preferred embodiment of the present invention,
ballast 12 may have a photosensor 22 coupled thereto, and the ballast is configured

in its out-of-box mode to broadcast photosensor 22 status and other attached sensor
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. data over the DALI communication link 16. Further, a ballast in out-of-box mode
will receive and process all broadcast information, such as sensor status information,
that is transmitted over the DALI communication link 16. In the eventthat no
photosensor 22 is attached to ballast 12, then the ballast functions as a conventional

DALI ballast.

[0102]  As noted above, in accordance with the present invention, the ballasts 12
can operate over DALI communication link 16 without the need for a dedicated
central controller 20 being present on that link. Accordingly, some out-of-box
functionality relates to the extended protocol, described above, and some relates to
the hardware capabilities of ballasts 12. For example, each ballast 12 may physically
connect to a particular group of devices, including a sensor device, a lighting load,
and other ballasts 12 over communication link 16. Ballasts 12 are preferably
configured in the out-of-box mode to broadcast to and listen to all other devices on
the DALI link 16 in order that various information (e.g., status information regarding
photosensors, occupancy sensors, infrared devices or other types of sensors) can be
shared over the DALI link. Furthermore, other processing algorithms, such as
averaging photosensor data, performing ballast range scaling and automatic burn-in
processes (described below) can be configured for out-of-box functionality in every

DALI compliant device in the system.

[0103] By providing such functionality in an out-of-box configuration, the
amount of time and resources required to configure a DALI lighting control system

is dramatically reduced.
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- Automatic Burn-In with Pause Functionality

[0104] - In accordance with a preferred embodiment of the present i_r;:\_:_ention,
ballasts 12 are configured in out-of-box mode to automatically perform steps
associated with seasoning or “burn-in” of new (unused) lamps before a dimming
function of the lamp can be enabled. It has been determined that seasoning a lamp,
for example, by operating a fluorescent lamp at full light output for a period of about
100 hours before dimming, helps to assure that the maximum lamp life is achieved.
Methods associated with seasoning lamps are described in U.S. Patent Number
6,225,760, assigned to the assignee of the present patent application, and

incorporated herein by reference.

[0105]  The present invention preferably includes providing ballast 12 with an
automatic burn-in mode when a ballast 12 is first installed. Thus, fof example, after
a ballast is physically installed on a DALI communication link 16 and a lamp 44 is
attached thereto, the ballast operates the lamp at full light output for a minimum
amount of time, such as 100 hours. Ballast 12 is preferably configured with a timing

algorithm to monitor the elapsed time during the burn-in process.

[0106] In addition to executing the steps associated with burn-in methods, as
described above, ballast 12 is preferably configured to block any messages or
commands from any device on the DALI communication link that may interrupt or
otherwise interfere with the burn-in process, including commands for dimming a
lamp 44. For example, when a new lamp and ballast 12 are installed on a DALI
communication link 16, the ballast lamp will automatically command the lamp 44 to
season, and ballast 12 maintains the lamp seasoning process by ignoring the
commands received from other devices on the link. One skilled in the art will

recognize that ballast 12 can be configured to enable one or more remote commands,
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- even though such commands may interrupt or interfere with the burn-in process.
Thus, ballast 12 is configurable to override one or more default out-of-box settings

that are i)rovided with ballast. - ==

[0107]  Also, ballast 12 is preferably configured to pause the burn-in process
during commissioning (e.g., assigning a DALI address and configuring the ballast).
For example, after ballast 12 is installed and connected to a gas discharge lamp 44,
ballast 12 enters its automatic burn-in mode and proceeds to supply lamp 44 with full
power. Thereafter, as additional ballasts 12 are installed, each automatically enters
automatic burn-in mode and proceeds to power each respective lamp 44 at full
power. While ballasts 12 and lamps 44 are installed, a user of system 100 may send
a command to the ballast via control station 28 or infrared transmitter 18 to cause the
ballast to pause the burn-in process and then proceed to comumission each ballast to
function in accordance with a desired configuration. In accordance with the present
invention, ballast 12 tracks the elapsed burn-in time. After the ballast is
commissioned, the user ends the pause of the burn-in process and the ballast 12
resumes the burn-in process for the remaining required burn-in time. In this way,
ballasts 12 can be commissioned at any time during a burn-in process, and lamps 44
are not adversely affected since dimming commands, known to shorten lamp life, are
blocked or otherwise not received by ballast 12 until the automatic burn-in process is

complete.

{0108] = Fig. 4 is a flowchart that includes example steps associated with the burn-
in process of the present invention. Referring to Fig. 4, at step 50 a ballast 12 is |
installed and attached to a lamp 44 on a communication link 16. At step 52, a value
representing the amount of time to season a lamp is assigned to a variable, BURN-

IN_MAX. Also at step 52, a timer value representing the amount of time that passes
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during the burn-in process is initialized to zero. Thereafter, at step 54, the burn-in

process commences and the timer variable increments as time passes.

-~ -— UOU—

[0109] Continuing with the flowchart shown in Fig. 4, at step 56, a determination
is made whether a command to dim the lamp has been received, for example, from a
remote ballast or other controlling device. If such command is received, at step 58, a
determination is made whether the value of the timer variable is greater than the
value of BURN-IN MAX, thereby indicating that the seasoning process of the lamp
is complete. If so, then the burn-in process is deemed to be complete and, at step 60,
the ballast dims the lamp in accordance with the received command. Thereafter, the
process branches to step 68 and the process ends. Alternatively, if the determination
at step 58 is that the timer value is less than the value of BURN-IN_MAX, then at

step 62 the ballast ignores the command to dim received from the remote device.

[0110] At step 64 (Fig. 4), a determination is made whether a command to pause
the burn-in process has been received. If not, the process branches to step 66 and a
comparison of the values of the timer variable and the BURN-IN_MAX variable is
made. If the value of the BURN-IN_MAX variable exceeds the value of the timer
variable, then the burn-in process is not complete and the process loops back to step
54. Alternatively, if the burn-in process is complete (indicated by the value of the
timer variable being greater than the value of BURN-IN_MAX), then the process
ends at step 68. If, in the alternative, a command to pause the burn-in process is
received by the ballast (step 64), then the process branches to step 70 and the burn-in
process is paused for commissioning to occur. Moreover, the process associated

with incrementing the timer variable is also paused.

[0111]  Atstep 72, the ballast is commissioned to be configured with various

settings in accordance with the teachings herein. For example, the ballast is assigned
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an address and configured to receive commands from a defined group of devices
broadcasting over communication link 16. After the commissioning process is
complete, the process continues to step 73, where a determination is meRle whether a
command to unpause the burn-in process has been received. If not, the process loops
around to the input of step 73, such that the ballast waits for a command to unpause
the burn-in process. When the ballast receives a command to unpause the burn-in
process at step 73, the process moves on {o step 74, where the burn-in process
resumes and the timer variable continues to increment to represent the passage of

time.

[0112]  Thereafter, the process branches to step 66, and a comparison is made of
the value of the timer variable and the value of BURN-IN_MAX. If the burn-in
process 1s not completé (i.e., the value of timer variable is less than BURN-
IN_MAX), then the process loops back to step 54. Alternatively, if the value of the
timer variable exceeds the value of BURN-IN_MAX, then the burn-in process is

deemed complete, and the process ends at step 68.

(0113]  Thus, improvements associated with lamp burn-in functionality in
accordance with the present invention are provided. Further, the bumn-in
functionality is provided in the ballast and is a part of the ballast out-of-box

configuration.

Photosensor Data Averaging

[0122]  As previously mentioned, ballasts 12 of the present invention are able to
be connected to an external photosensor and receive readings from the photosensor.
Ballasts 12 also are capable of transmitting and receiving sensor readings to and

from one or more devices on communication link 16. A single ballast 12 may
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~ receive photosensor readings from a local attached photosensor and from a plurality
of remote photosensors attached to other ballasts. In such a case, the processor 14 of
ballast 12 is operable to receive the plurality of photosensor readings Trom the local
photosensor and from the multiple remote photosensors and average the readings, as
will be described in more detail below with reference to Figs. 5 & 6. Averaging
photosensor readings provides more accurate information with respect to identifying
the amount of light that is produced by a lamp 44, and light that is produced, for
example, from other sources, such as natural sunlight. As light conditions change
during the course of a day, processor 14 continues to perform averaging in order to

provide accurate sensor data for various devices on link 16.

[0123] Inaccordance with a preferred embodiment of the present invention, after
averaging the readings from the multiple photosensors, the ballast 12 is operable to
run a daylighting control algorithm that is used to control the intensity of the lamp 44
coupled to the ballast. Generally, photosensor readings include a component that is
due to the local electric lights in the space and a component that is due to the
daylight entering the space. Because the daylighting algorithm implemented by the
ballast 12 is open loop, it is preferable that photosensor readings only reflect the
amount of daylight entering the space. Thus, the component of the photosensor
reading due to the contribution of the eleciric lights should be eliminated before the
photosensor reading is used by the algorithm to control the lamp 14 connected to the
ballast. The light contribution from the local electric lights is normally obtained
when there is no contribution from daylight into the room, that is, all window

treatments are closed or it is nighttime outside.

[0125]  In accordance with the present invention, photosensor readings originating
from a plurality of remote and/or a local photosensor 22 are averaged. As noted

above, after a ballast 12 is commissioned, the ballast can be configured to recelve
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data from one or more respective devices. Accordingly, photosensor averaging 1S
preferably performed for those devices from which ballast 12 is configured to

receive data. -

[0129]  With reference now to Fig. 5, the basic process flow for each ballast 12
coupled into the lighting system 100 of the present invention is shown. At step 104,
a ballast obtains a raw photosensor reading. The process of obtaining photosensor
readings is shown in Fig. 6 beginning at step 202. In particular, the raw photosensor
reading is obtained by the ballast at step 204. At step 206, 2 determination is made
as to whether the photosensor reading is higher than some preprogrammed minimum
value. Ifit is less than the minimum value, this means either that no photosensor is
attached or that the value is not an acceptable value and can not be used. Ifthe value
is not higher than the minimum, an exit is made and a counter N is reset at 208 and a
new photosensor reading is obtained at 204. When the photosensor reading is higher
than the minimum at 206, then the counter N is incremented at 210 and a
determination is made at 212 whether the counter N has reached a minimum count
Nmin. If not, a new photosensor reading is obtained and the photosensor reading is
checked at 206 and the counter N is again incremented at 210. In this way, a
photosensor reading is only accepted if it is higher than the minimum value for the
required number of times, that is, the number of counts Nmin. Once Nmin counts of
acceptable photosensor readings have been obtained at step 212, a flag is set at step
214 indicating that the photosensor is present and at step 216 the local photosensor
reading can be used. The process exits at step 218, retumiﬁg to the flowchart of Fig.
5.

[0130] Returning to Fig. 5, at step 106, the light contribution from the local
electric lights is subtracted from the raw photosensor reading determined in the

process of Fig. 6. This is to ensure that the photosensor reading only reflects the
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amount of daylight entering the space. At step 108, the photosensor reading from
which the local light contribution has been subtracted is scaled to take into account
photose&isor tolerances. During commissioning, all photosensors are calibrated to
determine the photosensor tolerances so that the photosensor readings from multiple
photosensors at a given light level correspond to the same light level. The scaling

factor is obtained from this calibration.

[0131] At step 110, the ballast is checked to determine if it is in out-of-box mode.
According to the invention, as previously described, the ballast has an out-of-box
mode so that it operates under a default set of rules when installed without any
configuration. The ballast in such mode will operate in the system according to the
invention even though it does not have a system address. Ballasts in out-of-box
mode broadcast and receive all photosensor readings. If a ballast is in the out-of-box
mode at step 110, the ballast therefore broadcasts the photosensor reading of the
photosensor attached to that ballast on the DALI link 16. Since a ballast in out-of-
box mode does not have an address, it sends a mask address along with the

photosensor reading.

[0132]  If the ballast is not in out-of-box mode at step 110, then it has been
previously commissioned and assigned an address in the system. In step 114, ballast
12 checks to see if it is configured to broadcast the photosensor reading. Ifit is, the
ballast 12 broadcasts the photosensor reading on the DALI link 16 in step 112. If
not, the process reaches step 116 in which the ballast determines whether itis
configured to process local photosensor readings. Not ail ballasts are configured to
process local photosensor readings. Ifit is configured to do so, then the ballast 12
-will average all the available valid remote and local photosensor readings at step
118, that is, the ballast will take an average of the local photosensor reading as well

as any other available remote photosensor readings that are stored in memory. As
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* stated previously, if the ballast is in out-of-box mode it will receive all remote
photosensor readings. If the ballast is not in out-of-box mode, i.e., it has been
commiééioned, the ballast will average all remote photosensor readings that it is
configured to receive with the local photosensor reading that it is configured to

process locally.

[0133]  Once it has averaged all the photosensor reads or once the ballast has
determined that the ballast is not configured to process local photosensor reads, the
process will enter step 120 to determine if the ballast has received an external
broadcast. External broadcasts comprise external sensor readings received over the
communications link 16. If the ballast has received an external broadcast including a
photosensor reading, the ballast checks at step 122 to determine if it is configured to
listen to the external photosensor reading transmitted in the broadcast. If so, the
ballast averages all the valid external and local photosensor readings at step 124. If
not, the process moves to step 126. If the ballast has not received an external

broadcast, the process moves to step 126.

[0134]  The process flow in Figs. 5 and 6 operates continuously. In the illustrated

embodiment, the flow of Figs. 5 and 6 is cycled through every 2.5 milliseconds.

[0135]  As previously stated, the ballast 12 is operable to run a daylighting control
algorithm that is used to control the intensity of the lamp 44 coupled to the ballast.
An example of a basic daylighting control algorithm run by each ballast 12 can be
expressed as follows:

INT =TLL - (PG * APR); (Equation 1)
where: |

INT = Output Intensity that the ballast 12 will set the lamp 44 to;

TLL = Photosensor Target Light Level Parameter, which represents the
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intensity required in the absence of daylight to achieve target light level;

PG = Photosensor Gain, which represents a ratio of daylight contribution

at the fixture location with respect to sensor location; and

APR = Average Photosensor Reading, which in determined by the process
of Figs. 5 & 6.

{0136]  Further, if the computed output intensity INT is less than the photosensor
low end intensity, which defines how low lights can dim due to control by the
daylighting algorithm, then the output intensity INT is set equal to the photosensor
low end intensity. The solution to these conditions, i.e. output intensity INT, is the

intensity that the ballast 12 will drive the lamp 44 to.

Scaiing Ballast Target Levels

[0137]  Preferably, ballasts 12 of the present invention scale relative target levels
to accommodate actual output ranges for various ballasts. For example, a command
is transmitted from a device over link 16 and received by two other ballasts. The
receiving ballasts may have different ranges of operation and may be unable to
support the command due to these limitations. As described in greater detail below
and with respect to the flow charts shown in Figs. 7-10, the range between the
receiving ballast’s 12 high end limit and low end limit is used to scale the receiving
command to be within the receiving ballast’s available range of operation. As the
amount of daylight changes during fhe day, the scale between a high end trim and
low end trim may also change. Accordingly, the range may dynamically change

during the course of the day. -

[0138] In accordance with the prior art DALI protocol, an absolute (logarithmic)

value is transmitted to receiving ballasts, for example, trim to 85%. However, 85%
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- of the sending ballast’s range of operation may be impossible for the receiving
ballast. Thus, in accordance with the present invention, the 85% absolute value is
scaled to be within the receiving ballast’s range. The present inventiomaccounts for
ballasts 12 that have limited ranges to operate effectively over a communication link

16 with ballasts 12 that are not so limited.

[0139]  Figs. 7-10 show the flow establishing a ballast set point. Fig. 7 shows
how the ballast high end trim (HET) is established. Fig. 8 shows how the ballast low
end trim (LET) is established. Fig. 9 shows how a normal DALI command is
processed by the ballast processor and Fig. 10 shows how a scaled input control

command in the extended protocol, described previously, is processed.

[0140]  Tuming to Fig. 7, a flowchart showing how the HET is determined begiﬁs
at step 302. A DALI logarithmic maximum level (at 304), which is stored in
memory in the ballast, is converted at step 306 from the logarithmic level to a format
that can be processed by the ballast. In particular, the standard DALI format is based
on a logarithmic scale. In the preferred embodiment, the standard DALI logarithmic
format is converted to a linear arc power level. At step 306 the DALI logarithmic
maximum level is converted to a maximum linear arc power limit. Atstep 310,a
comparison is made of the maximum linear arc power limit and the photosensor
output intensity INT (at 308) from daylighting control algorithm. If the maximum
arc power limit that is established in step 306 is greater than the photosensor output
intensity INT, the ballast HET is determined to be the photosensor output intensity
INT. If the maximum linear arc power limit is less than the photosensor output
intensity INT, the HET is set at the linear arc power limit at step 312. The HET is
thus established at step 316 either by the determination at step 312 or the
determination at step 314. The HET is provided for other prbcesses at 318 and the

process exits at 320.
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[0141]  Turning to Fig. 8, a flowchart that shows how the low end trim is
established begins at step 402. At 404, the preprogrammed DALI logarithmic
minimum level is obtained and converted at step 406 to a minimum liti€ar arc power
limit. The ballast LET is established as the minimum arc limit and is provided for

other processes at 408. The process exits at step 410.

[0142]  The low and high end trims that is, the minimum and maximum ballast
levels have now been established as LET and HET, respectively. In Fig. 9, the
processing flow for a standard DALI command is shown. The DALI input is
received at 504 and at 506 is converted to the linear arc power curve. At step 508, a
comparison is made between the DALI input and HET obtained from Fig. 7. If the
input is higher than HET, then at step 516 the arc power is limited to the maximum
limit that is, HET. If the input is less than HET, a determination is made at step 512
if the input is lower than LET obtained from Fig. 8. If it is lower than LET, the arc
power is set at the minimum limit that is, LET. If the input is greater than LET, the
final arc power is established based upon the DALI input from step 504. Thus, the
final arc power is established at step 520 and the process exits at step 522.
Accordingly, the lamp arc power has been established and scaled to the ballast high

and low end trim levels.

[0143]  Fig. 10 shows the processing of an extended command based upon the
extended protocol previously described. At step 604, a scaled ihput control
command is received from 606. This command is not in DALI format but is part of
the extended protocol previously described. At step 608 the difference between HET
from 610 and LET from 612 is established. HET is determined at step 316 of Fig. 7,
and LET is established at step 408 in Fig. 8. At step 614, the arc power level based
upon the scaled input control command is determined as the product of the difference

of HET and LET multiplied by a ratio of the input level received at step 604 divided



WO 2006/065653 PCT/US2005/044646

-38 -

- by the maximum input level from 616. This product scales the input level to the
ballast operating range as determined by HET and LET. This product is then added
to LET so that the linear arc power level is never less than LET. So that other DALI
controllers can process the linear arc power level established at step 614, the linear
arc power level is converted into the DALI lo garithmic scale and stored as a DALI

input so it can be properly interpreted by DALI controllers as shown at step 618.

[0144]  The high end trim and low end trim established in Figs. 7 and 8
respectively are calculated and stored when the ballast is commissioned into the
system. These stored values are later used when processing the DALI input

command and the scaled input command from the extended protocol.

[0145]  Fig. 11 shows a diagram summarizing the results of the flowcharts of Figs.
7-10. The scaled input level is shown on the x-axis while the DALI input level is
shown on the y-axis. In this example, HET is the photosensor output intensity INT
and LET is the linear DALI minimum level. The linear DALI maximum level is
greater than the photosensor output intensity INT. The sloped line between LET and
HET represents the operating points of the ballast based on the scaled input level
between 0% and 100%. For example, if the ballast receives a scaled input level of

70%, the ballast will operate at the DALI level marked D on Fig. 11.

[0146]  Thus, improvements with respect to prior art lighting communication
protocols, including the standard DALL are improved by the features of the present
invention. The extended DALI protocol is fully compatible with a conventional
DALI network lighting system, and extends the capability of the system to permit
greater functionality and flexibility. No new wiring or changes to the DALI bus or
controller are needed to implement the protocol or to add new functionality to

existing systems. In addition, the reserved DALI commands are not needed to
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extend the functionality and flexibility of the lighting network system, so that

conflicts between devices made by different manufacturers are not an issue.

— et

[0147]  Preferably, power and control are distributed among intelligent devices, so
that the failure of a given controller does not cause the entire network to fail. Each
device on the network that is enabled with the extended protocol can act as a
controller, with power supplied to each device individually. Such a system permits
greater flexibility and faster responsiveness due to the lack of a centralized control

that polls all the devices in the network on a cyclical basis.

[0148] Moreover, maintenance of a lighting system using the extended protocol
system is more efficient and more easily achieved due to the localized rather than
centralized control. The present invention is advantageous in that an additional
controller can be attached to the extended DALI protocol network to act as a peer to
peer controller to provide a gate keeping function between various devices on the
network. In such a configuration, peer to peer operations increase bandwidth and
responsiveness in the DALI lighting system to provide greater functionality and

flexibility for the entire system.

[0149] Ballasfs of the present invention are preferably configured in a default
“out-of-box” mode to perform various functions upon installation and without
additional configuration and setup, such as to utilize sensor inputs and
communication link broadcasting. Further, ballasts are configured to function as-a
normal (prior art) DALI ballast such that information that is broadcast over a DALI
compatible communication link is automatically received by a ballast that has not yet

been commissioned.
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[0150] Also, commissioning devices over the distributed system of the present
invention, such as assigning addresses to devices and programming devices for
various tasks is greatly simplified. This is accomplished, in part,-by ufilizing the
extended DALI protocol that enables receiving commands in various ways, such as
by entering commands on a keypad, using an infra-red transmitter or by transmitting

commands from other devices.

[0151]  Further, the present invention improves steps associated with
commissioning (and re-commissioning) ballasts. In part, this is accomplished via a
database that stores configuration information for every ballast on a communication

link and referenced to re-commission a replacement ballast.

[0152] Moreover, the present invention provides programming routines that can
be used, for example, by a single ballast configured to receive sensor readings from a
plurality of photocells, and, thereafter to average the sensor readings and broadcast
the averaged readings to other devices on the link. Moreover, the present invention
supports scaling algorithms to accommodate various operation range limitations of

various ballasts.

{0153]  The present invention also provides improves seasoning or “burn-in”
processes associated with of lamps. Commands, such as to dim a lamp, are ignored
until a burn-in process completes, and the invention pauses lamp burn-in processes

during ballast commissioning.

[0154]  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. Therefore, the present invention should

be limited not by the specific disclosure herein.
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WHAT IS CLAIMED IS:

1. .. A method for processing electronic sensor information in z_x.b_;flllafst ofa
multi-ballast lighting system wherein the ballasts are connected together for
exchanging data over a communication link, the method comprising:

receiving at the ballast the electronic sensor information from at least one
sensof device;

determining in the ballast whether the ballast is configured either to
broadcast electronic sensor information transmitted from any device on the link or if
the ballast is configured to broadcast electronic sensor information from the at least
one sensor device; and

broadcasting the electronic sensor information on the communication link
from the sensor device if the ballast is configured to broadcast electronic sensor

information on the communication link.

2. The method of claim 1, further comprising:

determining whether the ballast is configured to process local electronic
sensor information from the at least one sensor device;

receiving from the communication link electronic sensor information in
the ballast and determining if the ballast is configured to process electronic sensor
information transmitted by any device over the communication link; and

processing at least one of the transmitted electronic sensor information
received from the communication link and the electronic sensor information from the
sensor device if the ballast is configured to process at least one of the transmitted
electronic sensor information and the electronic sensor information from the sensor

device.
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- 3. The method of claim 2, wherein the step of processing includes averaging
all electronic sensor information received by the ballast.
4. The method of claim 3, wherein the electronic sensor information is

received from a plurality of remote devices connected to the communication link.

5. The method of claim 3, wherein the electronic sensor information is

received from at least one remote device and at least one local device.

6. The method of claim 2, further comprising subtracting a value
representing light contributed from a local lighting device from the electronic sensor

information received from the at least one sensor device.

7. The method of claim 2, wherein the ballast is configured with a processor

and a memory.

8. The method of claim 2, wherein the at least one sensor device comprises at

least one photosensor, occupancy sensor, or infrared receiver.

9. A method for commissioning a ballast in a distributed addressable lighting
system having a plurality of ballasts connected by a digital electronic communication
link, the method comprising:

providing the ballast with an out-of-box default mode wherein the ballast
is configured to receive and transmit electronic information over the digital
electronic communication link;

installing the ballast so that it is in communication with the digital
electronic communication link; and

electronically transmitting commands to the ballast over the digital
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electronic communication link to assign an address to the ballast and to configure the

ballast with desired performance characteristics.

- o ]

10. The method of claim 9, wherein the performance characteristics include
restricting the ballast to receiving transmissions from at least one particular remote

device.

11. The method of claim 9, wherein the performance characteristics include
restricting the ballast to transmission of information to at least one particular remote

device.

12. The method of claim 9, wherein the performance characteristics include

configuring the ballast to transmit information to a selected group of remote devices.

13. A method for configuring a ballast in a multi-ballast addressable lighting
system wherein the ballasts interface with a communication link, the method
comprising:

providing the ballast with at least a processor, sensor inputs anda
communication port; and

installing the ballast for communication with the link, the ballast being
configured prior to installing the ballast on the link in an out-of-box mode to
broadcast over the communication link sensor information from the sensor inputs
received by the ballast and to receive messages broadcast over the link from remote

devices coupled to the communication link.

14. The method of claim 13, wherein the ballast is configured prior to
installing the ballast on the link to perform the step of seasoning a lamp connected to
the ballast.
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15. The method of claim 14, wherein the step of seasoning includes operating
the lamp at full power for a minimum amount of time prior to executing a command

to dim the lamp. -

16. The method of claim 15, wherein the step of seasoning further includes
pausing the step of seasoning while the ballast is commissioned with at least an
address, and resuming the step of seasoning for the remaining duration of the

minimum amount of time after the commissioning is completed.

17. A communication protocol for transmitting messages between at least two
devices over a serial communication link of a digital addressable lighting system,
wherein each of the at least two devices comprises.a processor and a communication
port for interfaéing with the communication link, the protocol comprising:

serial digital data comprising at least two stop bits located at the end of the
message that represent an end of the message, and a plurality of message bytes
disposed before the stop bits, wherein the message bytes are in accordance with
standard DALI format when the stop bits are in a first state, and the message bytes
are in accordance with a second format when the stop bits are in a second state, the
message in the first format being receivable by a device configured to receive only
DALI messages when the stop bits are in the first state and being ignored by a device
configured to receive only DALI messages when the stop bits are in the second state,
the message bytes in the second format being receivable by at least one of the

devices connected to the communication link.

18. The communication protocol of claim 17, wherein the messages are
formatted to include:
at least one start bit that represents a start of message indicator positioned

at the beginning of the message;
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three bytes comprising twenty-four consecutively ordered bits that are
placed after to the at least one start bit, wherein the twenty-four bits represent device
addreésdinformation, device command information, and information associated with
the command information; and wherein

the two stop bits comprise two control bits that are placed adjacent to the
last of the twenty-four consecutively ordered bits, wherein the two control bits
represent a stop message indicator, wherein the state of the two control bits signal the

status of the message as formatted in the standard DALI format or the second format.

19. The protocol of claim 18, wherein at least one bit in the message

represents a command parameter.

20. The protocol of claim 19, wherein the command parameter is at least one
selected from the group consisting of: at least one photocell sensor, at least one
occupancy sensor, at least one infrared transmitter, at least one sensor keypad, at
least one select group of ballasts, photosensor gain, photosensor target light level,
photosensor low end intensity, photosensor fade time, photosensor delay to off time,
photosensor fixture light feedback, photosensor reading scaling, remote occupancy
sensor address, occupancy sensor low end value, occupancy sensor timeout period,
out-of-box flags, burn-in duration value, infrared sensor stored light value
representing most recent reading, infrared sensor preferred light level, infrared
sensor high end trim, infrared sensor low end trim, infrared sensor master address,
infrared sensor area address, infrared sensor personality, infrared sensor scene,
diagnostic information, ballast minimum levei, ballast maximum level, ballast fade

rate, ballast fade time, ballast short address, and scene intensity value.

21. The protocol of claim 18, wherein at least two bits in the twenty-four

consecutively ordered bits represent a command type issued by a central controller,
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- an infrared transmitter, a ballast, a sensor, or a keypad connected to the

communication link.

22. The protocol of claim 17, wherein the message is encoded using
Manchester encoding.
23. A method for establishing a set point determining a lamp load current in a

ballast of a multi-ballast lighting system comprising a control communication link
connecting the ballasts, the method comprising:

receiving at the ballast an input control command for setting the ballast set
point;

establishing a high end light level for the ballast;

establishing a low end light level for the ballast; and

limiting the input control command to within the range set by the high end

light level and the low end light level of the ballast.

24. The method of claim 23, wherein the step of establishing a high end level
comprises:

converting a preprogrammed DALI logarithmic maximum level to a
maximum linear power limit,

determining whether the maximum linear power limit is greater than a
high end limit of a photosensor;

setting the high end light level to equal the photosensor high end limit if
the maximum linear power limit is greater than the photosensor high end light level;
and

setting the high end light level to equal the maximum linear power limit if

the maximum linear power limit is less than the photosensor high end limit.
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- 25. The method of claim 23, wherein the step of establishing a low end light
level comprises converting a preprogrammed DALI logarithmic minimum level to a
minimum linear power limit and setting the ballast low end light [évelas the

minimum linear power limit.

26. The method of claim 23, wherein the step of limiting comprises:

converting the input command to an input linear power level;

determining whether the input linear power level is higher than the high
end level,

setting the lamp power equal to the high end level if the input linear power
level is higher than the high end level;

determining whether the input linear power level is lower than the low end
level;

setting the lamp power equal to the low end level if the input linear power
level is lower than the low end level; and

setting the lamp power equal to the input linear power level if the input
linear power level is not higher than the high end level and the input linear power

level is not lower than the low end level.

27. A method for establishing a set point determining a lamp load current ina
multi-ballast lighting system wherein the ballasts are connected together for
exchanging data over a communication link, the method comprising:

receiving an input control command from the link, including an input level
determining the ballast set point;

establishing a high end level and a low end level for the ballast;

determine a maximum input level;

subtracting the low end level from the high end level to calculate a

difference;
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multiplying the difference by the ratio of the input level to the maximum
input level to calculate a product; and
adding the product to the low end level to calculate a suim toprovide the

ballast set point.

28. The method of claim 27, further comprising converting the sum to a DALI
value, and storing the DALI value for reception as a DALI input by a DALI

compatible device.

29. A ballast that processes electronic sensor information received in a multi-
ballast lighting system, wherein the ballasts are connected together for exchanging
data over a communication link, the ballast comprising:

a communication port that is adapted to receive electronic sensor
information from at least one remote device;

a sensor input that is adapted to receive sensor information from a sensor
device;

a processor that is adapted to determine whether the ballast is configured
either to broadcast electronic sensor information transmitted from any device on the
link or if the ballast is configured to broadcast electronic sensor information from the
at least one sensor device;

a memory that is adapted to store the electronic sensor information; and

a transmitter that is adapted to broadcast the electronic sensor information
if the ballast is configured to broadcast electronic sensor information on the

communication link.

30. The ballast of claim 29, wherein the processor is further adapted to:
determine whether the ballast is configured to process local electronic

sensor information from the at least one sensor device,
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receive from the communication link electronic sensor information and
determine whether the ballast is configured to process electronic sensor information
transmitted by any device over the communication link; and = 7

process at least one of the transmitted electronic sensor information
received from the communication link and the local electronic sensor information
from the sensor device if the ballast is configured to process at least one of the

transmitted electronic sensor information and the electronic sensor information from

the sensor device.

31. The ballast of claim 30, wherein the processor is further adapted to

average all electronic sensor information received by the ballast.

32. The ballast of claim 31, wherein the electronic sensor information is

received from a plurality of remote devices connected to the communication link.

33. The ballast of claim 31, wherein the electronic sensor information is

received from at least one remote device and at least one local device.

34. The ballast of claim 30, wherein the processor further subtracts a value
representing light contributed from a local lighting device from the electronic sensor

information received from the at least one sensor device.

35. The ballast of claim 30, wherein the at least one sensor device comprises

at least one photosensor, occupancy sensor, or infrared receiver.

36. A ballast in a distributed addressable lighting system having a plurality of
ballasts connected by a digital electronic communication link, wherein the ballast is
adapted to be commissioned for operation on the communication link, the ballast

comprising:
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a memory storing a ballast configuration representing an out-of-box
default mode wherein the out-of-box default mode allows the ballast to receive and
transmit electronic information over the digital electronic communication link;

a processor;

a communication port enabling the processor to communicate over the
digital electronic communication link; and

wherein the processor receives commands transmitted over the digital
electronic communication link to assign an address to the ballast and to configure the

ballast with desired performance characteristics.

37. The ballast of claim 36, wherein the performance characteristics include
restricting the ballast to receiving transmissions from at least one particular remote

device.

38. The ballast of claim 36, wherein the performance characteristics include
restricting the ballast to transmission of information to at least one particular remote

device.

39. The ballast of claim 36, wherein the performance characteristics include

configuring the ballast to transmit information to a selected group of remote devices.

40. A ballast in a multi-ballast addressable lighting system wherein the
ballasts interface with a communication link, the ballast comprising:

a processor, memory, sensor inputs and a communication port, wherein
the ballast is configured in an out-of-box mode prior to being installed on the link
such that the ballast is adapted to broadcast over the communication link sensor
information from the sensor inputs received by the ballast and to receive messages

broadcast over the link from remote devices coupled to the communication link.
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41. The ballast of claim 40, wherein the ballast is further adapted to season a
lamp connected to the ballast.

42. The ballast of claim 41, wherein the ballast is adapted to season the lamp

by operating the lamp at full power for a minimum amount of time prior to executing

a command to dim the lamp.

43, The method of claim 42, wherein the ballast is further configured to pause
seasoning the lamp while the ballast is being commissioned with at least an address,
and is further configured to resume seasoning for the remaining duration of the

minimum amount of time after the ballast is commissioned.

44. A ballast for use in a multi-ballast digital addressable lighting system that
transmit and receive messages over a serial communication link connecting ballasts
of the digital addressable lighting system, wherein the ballast exchanges messages
over the communication link according to a communication protocol that comprises:
serial digital data comprising at least two stop bits located at the end of the
message that represent an end of the message, and a plurality of message bytes
disposed before the stop bits, wherein the message bytes are in accordance with
standard DALI format when the stop bits are in a first state, and the message bytes
are in accordance with a second format when the stop bits are in a second state, the
message in the first format being receivable by a device configured to receive only
DALI messages when the stop bits are in the first state and being ignored by a device
configured to receive only DALI messages when the stop bits are in the second state,
the message bytes in the second format being receivable by the ballast connected to

the communication link.
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45. The ballast of claim 44, wherein the messages are formatted to include:

at least one start bit that represents a start of message indicator positioned
at the beginning of the message; I

three bytes comprising twenty-four consecutively ordered bits that are
placed after the at least one start bit, wherein the twenty-four bits represent device
address information, device command information, and information associated with
the command information; and

wherein the two stop bits comprise two control bits that are placed
adjacent to the last of the twenty-four consecutively ordered bits, wherein the two
control bits represent a stop message indicator, wherein the state of the two control
bits signal the status of the message as formatted in the standard DALI format or the

second format.

46. The ballast of claim 45, wherein at least one bit in the message represents
a command parameter.
47. The lighting system of claim 46, wherein the command parameter is at

least one selected from the group consisting of: at least one photocell sensor, at least
one occupancy sensor, at least one infrared transmitter, at least one sensor keypad, at
least one select group of ballasts, photosensor gain, photosensor target light level,
photosensor low end intensity, photosensor fade time, photosensor delay to off time,
photosensor fixture light feedback, photosensor reading scaling, remote occupancy
sensor address, occupancy sensor low end value, occupancy sensor timeout period,
out-of-box flags, burn-in duration value, infrared sensor stored light value
representing most recent reading, infrared sensor preferred light level, infrared
sensor high end trim, infrared sensor low end trim, infrared sensor master address,

infrared sensor area address, infrared sensor personality, infrared sensor scene,
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diagnostic information, ballast minimum level, ballast maximum level, ballast fade

rate, ballast fade time, ballast short address, and scene intensity value.

P -— U

48. The ballast of claim 45, wherein at least two bits in the twenty-four
consecutively ordered bits represent a command type issued by a central controller,
an infrared transmitter, a ballast, a sensor, or a keypad connected to the

communication link.

49. The ballast of claim 44, wherein the message is encoded using Manchester
encoding.
50. A ballast that is adapted to establish a set point determining a lamp load

current in a lamp connected to the ballast of a multi-ballast lighting system having a
control communication link connecting the ballasts, the ballast comprising:

a communication port adapted to receive an input control command for
setting the ballast set point;

an information processor adapted to establish a high end light level for the
ballast and a low end light level for the ballast, and wherein the information
processor is further adapted to limit the input control command to within the range

set by the high end light level and the low end light level of the ballast.

51. The ballast of claim 50, wherein the processor is further adapted to
establish the high end level by:

converting a preprogrammed DALI logarithmic maximum level to a
maximum linear power limit;

determining whether the maximum linear power limit is greater than a
high end limit of a photosensor;

setting the high end light level to equal the photosensor high end limit if
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the maximum linear power limit is greater than the photosensor high end light level;
and
setting the high end light level to equal the maximum linear power limit if

the maximum linear power limit is less than the photosensor high end limit.

52. The ballast of claim 50, wherein the processor is further adapted to
establish the low end light level by:

converting a preprogrammed DALI logarithmic minimum level to a
minimum linear power limit; and

setting the ballast low end light level as the minimum linear power limit.

53. The ballast of claim 50, wherein the processor is further adapted to limit
the input control command by:

converting the input command to an input linear power level;

determining whether the input linear power level is higher than the high
end level,

setting the lamp power equal to the high end level if the input linear power
level is higher than the high end level;

determining whether the input linear power level is lower than the low end
level,;

setting the lamp power equal to the low end level if the input linear power
level is lower than the low end level; and

setting the lamp power equal to the input linear power level if the input
linear power level is not higher than the high end level and the input linear power

level is not lower than the low end level.

54. A ballast that is adapted to establish a set point determining a lamp load

current in a multi-ballast lighting system wherein the ballasts are connected together
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for exchanging data over a communication link, the ballast comprising:
a communication port that is adapted to receive an input control command
from the link, including an input level determining the ballast set point;-
a processor that is adapted to:
establish a high end level and a low end level for the ballast;
determine a maximum input level;
subtract the low end level from the high end level to calculate a
difference;
multiply the difference by the ratio of the input level to the
maximum input level to calculate a product; and
add the product to the low end level to calculate a sum to provide

the ballast set point.

55. The ballast of claim 54, further comprising a memory, wherein the
processor is further adapted to convert the sum to a DALI value, and the memory is
adapted to store the DALI value for reception as a DALI input by a DALI

compatible device.

56. A ballast for use in a multi-ballast lighting systém wherein the ballasts are
+  coupled together by a digital communication network, the ballast comprising:

a power circuit portion having an input to an AC main supply and for
providing an electrical current to power a lamp;

a digital processing circuit portion having a sensor input circuit for
receiving at least one sensor input from a sensor device in the space illuminated by
the system; further comprising a processor receiving an input from the sensor input
circuit and providing control signals to control the operation of the ballast; and
further comprising a communication port coupléd to the processor and to the

communication network for exchanging data with the communication network;
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further wherein the ballast has an out-of-box mode in which the ballast has
a default configuration allowing the ballast to communicate with the network and
receive at least one input from the sensor input circuit without requiring any

programming configuration of the ballast when the ballast is installed in the system.

57. The ballast of claim 56 wherein, in the out-of-box mode, the ballast will
transmit onto the network via the communication port the sensor input received from

the sensor input circuit.

58. The ballast of claim 56, wherein the ballast can be reconfigured from the
out-of-box mode to a customized mode having customized characteristics after

installation into the system.

59. A ballast for use in a multi-ballast lighting system wherein the ballasts are
coupled together by a digital communication network, the ballast comprising:

a power circuit portion having an input to an AC main supply and for
providing an electrical current to power a lamp;

a digital processing circuit portion having a sensor input circuit for
receiving at least one sensor input from a sensor device in the space illuminated by
the system; further comprising a processor receiving an input from the sensor input
circuit and providing control signals to control the operation of the ballast; and
further comprising a communication port coupled to the processor and to the
communication network for exchanging data with the communication network;

further wherein the ballast processor is operative to receive a serial data
message from the communication network, the serial data message having a portion
defining whether the message is in a first or a second format, the first format

comprising a DALI standard format and the second format comprising a format
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providing functionality different than the first format, said ballast processor being

capable of processing messages in either said first or second formats.

e —

60. A ballast for use in a multi-ballast lighting system wherein the ballasts are
coupled together by a digital communication network, the ballast comprising:

a power circuit portion having an input to an AC main supply and for
providing an electrical current to power a lamp;

a digital processing circuit portion having a sensor input circuit for
receiving at least one sensor input from a sensor device in the space illuminated by
the system; further comprising a processor receiving an input from the sensor input
circuit and providing control signals to control the operation of the ballast; and
further comprising a communication port coupled to the processor and to the
communication networks for exchanging data with the communication network;

' further wherein the ballast processor is responsive to input commands
from the communication network, and wherein the input command comprises a
desired lamp brightness level, and further wherein the ballast has a high end light

- level limit and a low end light level limit and wherein the process scaled or value
converts the input command to a ballast setpoint level by scaling the input command
to a range from the low end light level to the high end light level and uses the scaled

value as the ballast set point.

61. The ballast of claim 60, wherein the processor scales the input command
by determining a difference between the high end light level and the low end light
level, multiplying the difference by the ratio of the input command to ay‘maximum
input level to form a product and adding the product to the low end light level to

ensure that the result is not less than the low end light level.
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62. The ballast of claim 60, wherein the processor is further operative to
convert the scaled value to a DALI value for storage in a ballast memory and for

selective transmission onto the network. T
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