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BUS NETWORK

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of, and claims
priority to, U.S. patent application Ser. No. 13/161,314, filed
Jun. 15, 2011, the contents of which are incorporated herein
by reference.

BACKGROUND

[0002] Bus networks are used in a variety of fields and
applications to interconnect devices and allow communica-
tion, power transmission, and other functionality. One such
bus network is known as a Digital Addressable Lighting Inter-
face (DALI), which is a bus architecture standard used in
controlling devices in a building (such as sensors, lighting
devices, and shades). DALI provides a two-wire bus that
allows power to be supplied to, and communication between,
devices on the bus. In the DALI architecture, the presence of
voltage indicates a first state (i.e., a logical “1”), while the
shorting of the two wires by any device on the bus indicates a
second state (i.e., a logical “0”). In this manner, devices can
use the two-wire DALI bus to communicate with each other.
[0003] Insome bus network architectures, including DALIL,
the amount of power that can be supplied to devices on the bus
may be limited by the architecture specification, which may
in turn limit the number of devices that can be connected to
the bus. In the DALI architecture, for example, power is
typically supplied at 16.5V (22.5V maximum) with a current
limit of 250 mA. According to the DALI specification, up to
sixty-four devices can theoretically be coupled to a DALI bus,
but many DALI-compatible devices can draw, for example,
up to 40 mA each, effectively limiting the number of such
devices that can actually be connected to the bus.

[0004] Similarly, the impedance of the bus wiring can limit
the number of devices that can be connected to a bus. For
example, DALI bus networks are often deployed in large
buildings, requiring long lengths of wiring to be run to the
devices in the building. Conventional DALI networks use
lower gauge (i.e., thicker) wires as the bus gets longer, which
is not only more expensive than higher gauge wire, but also
increases the overall complexity of installation. Installers of
such buses may have to work with multiple spools of wire,
which can increase the time and cost to install a bus network.
[0005] Embodiments in this disclosure address these and
other issues.

BRIEF SUMMARY

[0006] Amongotherthings, embodiments in this disclosure
help allow additional devices to be used on a bus, even where
the total power consumption of the devices would normally
exceed a maximum defined by a bus architecture. Further-
more, various embodiments help allow a single gauge of wire
to be used throughout a bus network (even where long lengths
of'wire are required) while still providing sufficient power to
the devices connected to the bus.

[0007] A system according to various embodiments of the
disclosure includes a bus and a plurality of devices coupled to
the bus, the devices configured to communicate with each
other via the bus. The system further includes a power supply
coupled to the bus, the power supply for supplying power to
the plurality of devices via the bus. The power supply is
configured to detect an event, and in response to the event,
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alternately supply power to the plurality of devices via the bus
at a first current level or at a second current level, the second
current level less than the first current level.

[0008] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the dis-
closure, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] A more complete understanding of the embodi-
ments of the present disclosure may be derived by referring to
the detailed description and claims when considered in con-
nection with the following illustrative figures.

[0010] FIG. 1 illustrates an exemplary DALI bus network.
[0011] FIGS. 2 and 3 depict exemplary circuits for use in
power supplies in accordance with various embodiments.

[0012] FIG. 4 illustrates the input stage of a conventional
DALI device.
[0013] FIG. 5 illustrates an exemplary input stage for a

DALI device in accordance with various embodiments.
[0014] FIG. 6 illustrates an exemplary circuit for use in a
DALI device according to various embodiments.

[0015] FIG. 7 depicts an exemplary bus in accordance with
various embodiments.

[0016] FIG. 8 illustrates a typical communications timing
diagram for DALI devices.

DETAILED DESCRIPTION
[0017] While exemplary embodiments in this disclosure

are described in conjunction with the DALI bus architecture,
this disclosure may be used in conjunction with any other
suitable bus architecture.

[0018] Thedetailed description of exemplary embodiments
herein makes reference to the accompanying drawings and
pictures, which show the exemplary embodiment by way of
illustration and its best mode. While these exemplary embodi-
ments are described in sufficient detail to enable those skilled
in the art to practice the disclosure, it should be understood
that other embodiments may be realized and that logical and
mechanical changes may be made without departing from the
spirit and scope of the disclosure. Thus, the detailed descrip-
tion herein is presented for purposes of illustration only and
not of limitation. For example, the steps recited in any of the
method or process descriptions may be executed in any order
and are not limited to the order presented. Moreover, any of
the functions or steps may be outsourced to or performed by
one or more third parties. Furthermore, any reference to sin-
gular includes plural embodiments, and any reference to more
than one component may include a singular embodiment.

[0019] In the detailed description herein, references to “an
embodiment”, “an embodiment”, “an example embodiment”,
etc., indicate that the embodiment described may include a
particular feature, structure, or characteristic, but every
embodiment may not necessarily include the particular fea-
ture, structure, or characteristic. Moreover, such phrases are
not necessarily referring to the same embodiment. Further,
when a particular feature, structure, or characteristic is
described in connection with an embodiment, it is submitted
that it is within the knowledge of one skilled in the art to effect
such feature, structure, or characteristic in connection with
other embodiments whether or not explicitly described. After
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reading the description, it will be apparent to one skilled in the
relevant art(s) how to implement the disclosure in alternative
embodiments.

[0020] In various embodiments, the methods described
herein are implemented using the various particular machines
described herein. The methods described herein may be
implemented using the below particular machines, and those
hereinafter developed, in any suitable combination, as would
be appreciated immediately by one skilled in the art. Further,
as is unambiguous from this disclosure, the methods
described herein may result in various transformations of
certain articles.

Exemplary System

[0021] FIG. 1 illustrates an exemplary DALI bus network
100. In this example, the bus network 100 includes a power
supply 110, control device 120, and a plurality of devices 130
(also referred to as “nodes”) connected via a two-wire bus
140.

Power Supply 110

[0022] DALI devices can be damaged if, during communi-
cation, they attempt to short power supplied at current levels
above the 250 mA limit specified in the DALI standard. In an
embodiment, the power supply 110 is configured to detect an
event, and, in response to the event, alternately supply power
to the devices 130 at a higher or lower current level via the bus
140. The power supply 110 may be configured to alternately
supply power at any number of different levels of voltage
and/or current. In one exemplary embodiment, the power
supply 110 is configured to provide power at a first current
limit of 750 mA when devices/nodes are not communicating,
and then supply power at a second current level of 250 mA to
allow devices 130 on the bus 140 to communicate without
damage.

[0023] The power supply 110 may be configured to supply
power at varying current and/or voltage levels in response to
any type of event. In this context, an “event” may include, for
example, any number of measured electrical characteristics
(e.g., current, voltage, impedance) as well as signals from
other devices. In an embodiment, the power supply 110 may
detect an event that includes a decrease in impedance for one
or more of the devices 130. In DALI systems, the impedance
for a device 130 on the bus 140 decreases when the device 130
shorts the bus 140 to communicate. In such cases, the power
supply 110 can decrease the current level of the power sup-
plied to the devices 130 when the impedance of a device 130
drops (indicating it is communicating) and then increase the
current level of the power supplied to the devices 130 when
the impedance increases (indicating the device 130 is no
longer communicating).

[0024] In addition, or as an alternative, to detecting a
change in impedance, the power supply 110 may be config-
ured to detect a change in the current drawn by a device 130.
In an embodiment, the power supply 110 is configured to
supply power to the devices 130 on bus 140 at a decreased
current level in response to detecting an increase in current
drawn by one or more of the devices 130 (e.g., when the
device 130 is communicating on the bus 140). The power
supply 110 is further configured to supply power at an
increased level upon detecting a decrease in current drawn by
the device 130 (e.g., when the device 130 is no longer com-
municating).
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[0025] The power supply 110 may be configured to supply
power at varying current levels in any suitable manner. In one
exemplary embodiment, the power supply 110 includes a
component known as a “pass element” (such as a transistor) to
increase and decrease the output voltage of the power supply
110. The pass element dissipates power according to the
product of the magnitude of the voltage reduction multiplied
by the current it is delivering to the bus 140, thus the lower the
output voltage, the higher the dissipation. For example, if a
16.5V supply must drop down to 0.5V to limit current to 250
mA, it dissipates 4 W of power.

[0026] Thepower supply 110 may be configured to perform
a technique called “fold-back™ to dynamically change the
current limit as a function of the output voltage. In an embodi-
ment, a power supply 110 is coupled to a DALI bus network
140 and is configured to detect an increase in current drawn
by a node 130 attempting to communicate (i.e., by “shorting”
the bus 140). The power supply 110 lowers its output voltage
in response and lowers its current limit as well. As the node
130 continues to short the bus 140, the power supply 110
further reduces the voltage. For example, the power supply
110 may be configured to provide a current of 250 mA at a
voltage of 6.5V (the maximum voltage allowed by the DALI
standard as a logical zero).

[0027] In some cases, the nodes 130 may briefly see a
current higher than their design limit as the power supply 110
detects the event. However, the power supply 110 can be
configured to quickly (i.e., within microseconds, in some
cases) switch to providing power at a lowered current level,
thereby preventing component damage due to sustained
excessive current. The power supply 110 may be configured
to supply power at an increased or decreased current level for
any suitable period of time (e.g., for the duration of commu-
nication between nodes to further reduce the frequency at
which the node sees brief currents above their design limit).
[0028] The power supply 110 can be configured to alter
current levels over any suitable period of time. In some
embodiments, for example, current levels may be switched
over a relatively short (e.g., within microseconds or less)
period of time. Among other things, this helps reduce the
amount of time a device 130 is shorting high current levels
and helps to avoid damage to the device 130 as a result.
[0029] Inother embodiments, current levels may be altered
over a relatively longer period of time. In one exemplary
embodiment, the power supply 110 is configured to provide a
dynamic current limit. Power supply 110 is configured to
slowly (e.g., over about 10 mS) adjust its current limit to just
above the instantaneous current. In an embodiment, if the
current rapidly increases (e.g., due to a node 130 shorting the
bus 140), the power supply will limit the current by lowering
its output voltage for the duration of a logical zero. In an
embodiment, the power supply 110 provides the steady base
current to the nodes 130 but does not allow sudden increases
due to a node 130 shorting the bus. This helps to protect the
“shorting” node 130 from experiencing excessive current
beyond its design limit and being damaged as a result.
[0030] Insomeembodiments,the power supply 110 may be
configured to detect an event that includes a change in the rate
at which current is drawn by one or more of the devices 130.
The current drawn by the devices 130 can be monitored for
sudden increases as an indicator that a node 130 is attempting
to communicate. The DALI standard dictates that a node does
not instantaneously short the current but requires the node to
ramp up the current within well defined boundaries to help
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reduce electromagnetic emissions. Typically, an increase in
current drawn by a device 130 of 250 mA within 100 us is
indicative that the node 130 is attempting to communicate.
[0031] The rate of change in current draw by a device 130
can be detected by the power supply 110 in any suitable
manner. In an embodiment, current from the bus 140 is fed
into a high-pass filter (which removes slow changes in the
current waveform) and the remaining signal (which measures
fast changes) is compared against a threshold. Exceeding the
threshold is indicative of a certain rate of current increase and
thereby of a node 130 attempting communication. In
response, the power supply 110 can switch to supplying
power at a lower current level to avoid damaging the devices
130 during communication.

[0032] Inan embodiment, the event detected by the power
supply 110 may include receiving an indicator (e.g., from the
control device 120 or one or more of the devices 130) to
supply current at a particular level. Among other things, this
allows the power supply 110 to quickly and/or preemptively
switch from supplying current at one level to another before a
device 130 shorts the bus 140 for communication, and to
supply a higher current level when there is no communication
between the devices 130.

[0033] FIG. 2 illustrates an exemplary circuit for use in a
power supply 110. In an embodiment, circuit 200 includes a
microcontroller 205 configured to switch between two dis-
tinct current limits via digital output 210. A DC voltage is
received at the input of the circuit 245 and passed through a
voltage regulator 240, which helps maintain voltage output to
microcontroller 205 and resister network 215 at a constant
level. Resistor network 215 converts the signal from the digi-
tal output 210 into one of two distinct voltage levels, which is
directed into the positive input of an operational amplifier
220. Current sensor 225 provides a signal to the negative
input of the operational amplifier 220. If the actual current is
higher than the limit programmed by the microcontroller 205,
the output from the operational amplifier 220 drops, thereby
increasing the impedance of the pass transistor 230, and in
turn reducing the output current to the programmed limit at
235.

[0034] FIG. 3 depicts another exemplary circuit that may be
used in conjunction with a power supply according to aspects
of this disclosure. In an embodiment, circuit 300 includes the
same components as circuit 200. Additionally, communica-
tion detector 310 (including a high-pass filter coupled to a
comparator), voltage feedback 320, and current feedback 330
provide input to the microcontroller 205.

[0035] In addition to the functionality of circuit 200
described above, circuit 300 is configured to detect commu-
nication between nodes 130. As a node 130 attempts to com-
municate, the current it draws will suddenly increase. This
increase is detected by the high pass filter/comparator of the
communications detector 310 and signaled to the microcon-
troller 205. In turn, the microcontroller 205 will change the
digital output 210, thereby switching the power supply from
a nominal current into, for example, a relatively low current
mode (such as 50 mA).

[0036] Among other things, circuit 300 helps nodes 130
communicate even when the bus impedance due to long wire
lengths is relatively high. For example, as a communicating
node 130 shorts the bus 140, power supply 110 switches into
a low current mode and the output voltage will drop to levels
that represent a logical zero. As the communicating node 130
releases the short, the output voltage will suddenly rise (al-
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though not necessarily high enough to represent a logical
one). The increase in voltage is signaled to the microcontrol-
ler 205 via voltage feedback 320. In response, the microcon-
troller 205 will increase the current limit again, thereby
returning the bus 140 to a logical one condition.

Control Device 120

[0037] Inthe exemplary system 100, the control device 120
can be configured to facilitate communication between
devices 130, interface with the power supply 110 to control
the current levels of power supplied to the bus 140, and/or
perform other functionality. In an embodiment, the control
device 120 may function as a bus arbiter to declare the bus free
for any node 130 to commence communication (rather than
instructing a specific node to respond). Any node 130 may be
configured to initiate a command to any other node. In an
embodiment, the control device 120 is configured to monitor
communications between nodes 130, and to indicate to the
power supply 110 to supply power at a particular current
level. In this way, the control device 120 can preemptively
instruct the power supply 110 to switch to a lower current
limit before a DALI device 130 attempts to short the bus 140.
[0038] Inan embodiment, control device 120 is coupled to
the power supply 110, and interprets the current waveform
(rather than voltages) in order to retrieve communications
from devices 130. The control device 120 may be configured
to take timing requirements (the known duration of individual
bits) into account to filter out erroneous fluctuations in current
during communication between the nodes 130. Alternatively,
the current draw may be digitized and be processed further.
Increases and decreases in current may be assigned probabili-
ties of being a positive or negative transition and the prob-
ability of successive transitions collectively make up the
probability of a particular bit sequence. Possible bit
sequences may be processed in parallel and the highest prob-
ability path shall win. In this manner, the control device 120
may operate in conjunction with the power supply 110 to
allow the control device 120 to receive responses from nodes
130 despite high wiring impedance.

Devices 130

[0039] Devices 130 (or “nodes”) receive power and com-
municate via the bus 140. Embodiments of this disclosure
may operate in conjunction with any number and type of
different devices on a bus. In the exemplary embodiment of
the DALI bus network 100 depicted in F1G. 1, the devices 130
may include any type of DALI-compatible device, such as
lighting devices, sensors, and/or shades. A typical input stage
of a conventional DALI device is shown in FIG. 4. In this
configuration, input stage 400 provides optical isolation
between the communication bus 140 and peripheral functions
of device 130. In particular, power to device 130 is not
obtained from communication bus 140.

[0040] FIG. 5 depicts an exemplary embodiment of a DALI
node 500 in accordance with various aspects of this disclo-
sure. In an embodiment, node 500 comprises an input stage
that includes a capacitor 505 (or other energy storage device)
and a rectifier 510. The rectifier 510 prevents current from
flowing out of the storage device 505 back onto the bus 140,
and therefore the node will only consume current if the bus
voltage is higher than the voltage in the storage device 505. In
other words, the capacitor 505 can be charged up to the
nominal voltage of the bus 140 during periods of a logical
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one, and deplete somewhat during periods of logical zeros.
Typically, the node 500 will consume no current once the bus
voltage drops a few volts below the typical bus voltage. For
example, the bus voltage may usually be 16.5V (that is, dur-
ing the logical one). Below 15V, the node may consume no
current, depending on the configuration of the capacitor 505
and other factors. Power supply 515 regulates the voltage of
capacitor 505 to provide a constant supply voltage to the
microcontroller and peripherals 520 of node 500. Peripherals
may include circuitry to create a dimming signal to an exter-
nal ballast. Transceiver 525 is coupled to the communication
bus in front of rectifier 510 such that it is not subject to the
signal filtering introduced by capacitor 505.

[0041] During a logical one, the power supply 110 may
output a nominal voltage with a current limit of, for example,
750 mA. Preemptively, as facilitated by a control device 120,
or in response to an event, as explained above, the power
supply 110 can reduce the current and/or voltage. In an
embodiment, the power supply 110 is configured to preemp-
tively reduce its output current to about 250 mA. In turn, the
output voltage drops until the nodes collectively consume no
more than said 250 mA. In this example, power supply 110
reduces its output to about 15V. These levels are still consid-
ered alogical one by the nodes 130, yet a node 130 that wishes
to communicate by shorting the bus 140 need only short 250
mA (a safe current level for a DALI node) instead of 750 mA
(an unsafe current level). Other nodes 130 may be configured
to detect this low bus voltage and interpret it as a logical zero.
Inthis manner, nodes 130 with a rectifier and capacitor at their
input stage help the power supply 110 create two modes of
operation: A high current delivery mode and a lower, safer
mode for DALI devices.

[0042] FIG. 6 illustrates an exemplary power supply circuit
for anode 130 in accordance with various embodiments. In an
embodiment, the power supply circuit 600 can electronically
reduce the current draw for the node (to zero in some cases).

[0043] In operation, R12 biases D8 to generate a stable
voltage at the base of Q9. Q9 acts as an emitter-follower and
provides a stable supply voltage +V to the microcontroller of
the node (not shown), while C7 filters the supply voltage. R9,
Q14 and R16 form a constant current source which linearly
charges C6. When the bus 140 is in the logical zero state, C6
supplies a stable voltage to the microcontroller via D1, R12,
D8, Q9 and C7.

[0044] Q7 allows the current source to be turned on and off.
R36 biases Q7 in the on-state. R16 allows base current
through Q14B, turning it on, so that C6 can charge. Q14A
monitors the charge current via R9 and limits it to approxi-
mately 0.7V divided by R9. Once the microcontroller has
booted up, it can control the current source via the “Charge
Control” output. Lowering this pin to GND turns Q7 off,
which in turn turns Q14B off and thereby removes the charg-
ing current into C6.

[0045] In an embodiment, circuit 600 allows the current
consumption of a group of DALI nodes 130 such that the
nodes 130 collectively consume less than 250 mA if their
supply voltage is below a certain voltage. The nodes 130 in an
embodiment can thereby demonstrate similar behavior to
nodes having a rectifier/capacitor input stage as described
above. The power supply 110 can then be preemptively
switched from a higher current limit to a lower current limit
(here 250 mA), thereby protecting the DALI nodes which can
only safely short the 250 mA current level or less.
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[0046] Inan embodiment, rather than activating the circuit
600 based on the node’s supply voltage, the node can activate
the circuit when other nodes are attempting to communicate.
Similarly, control device 120 signals power supply 110 to
switch to a lower current limit when other nodes 130 are
attempting to communicate. Since nodes 130 have reduced
their current consumption simultaneously by activating the
circuit 600, the lower current limit of power supply 110 is
temporarily sufficient to supply the required current. Any
DALI node 130 that wishes to communicate is protected and
is only required to short the 250 mA current level. Addition-
ally, this allows groups of nodes to collectively alter their
current draw to help facilitate communication between nodes
at safe current levels, even if there is a relatively high level of
impedance due to bus wiring.

Overcoming Issues Due to Bus Length

[0047] Inaddition to helping to expand the capacity of bus
networks, embodiments according to this disclosure can help
overcome issues associated with the impedance of the wiring
in bus networks. In DALI bus networks, for example, as bus
length increases the wiring impedance itself will begin to
limit current (rather than the power supply coupled to the
network), which in the event of a communication attempt by
a node 130 can result in the inability of other nodes to recog-
nize said communication attempts.

[0048] Designers of conventional DALI systems typically
reduce the bus length, increase the wiring cross section, and/
or reduce the number of devices on the bus to prevent the
effects associated with high wiring impedance. The DALI
standard requires that nodes monitor the bus voltage to detect
communication (that is, <6.5V is logical zero, >11.5V repre-
sents a logical one). In a conventional DALI system with
excessive wiring impedance, however, nodes may not be able
to detect those levels when other nodes attempt to communi-
cate and short the bus. For example, a long bus may have an
impedance of 100 Ohms. Even if a device shorts the bus, the
resulting current may be 165 mA using a typical DALI power
supply. Since the current limit of 250 mA is not exceeded, no
voltage drop occurs and no communication is visible to other
nodes 130.

[0049] Embodiments ofthe present disclosure as described
above, however, can help devices 130 detect communications
between control devices 120 and nodes 130, and between the
nodes 130 themselves, allowing for a variety of features to be
implemented in a DALI network, even one with a relatively
long bus length. For example, by allowing all nodes 130 on
the bus 140 to see communications between other nodes 130
and a control device 120, communication collisions can be
detected and avoided. For example, where node A has the
same address as node B on the bus, they may both attempt to
respond simultaneously to a communication from a control
device. Embodiments of this disclosure allow the control
device and both nodes to detect an attempted response by both
devices and identity the source of the collision. This can be
particularly advantageous during the initial setup of a bus
network (when assigning addresses to all nodes on a bus) to
identify nodes with duplicate addresses.

[0050] Embodiments of this disclosure can also aid in net-
works having bus arbitration and/or multiple control devices.
In such systems, a bus arbiter may declare the bus free for
asynchronous (event type) messages. Nodes then can initiate
communication as in a multi-master situation but they must
be able to detect whether another node already commenced
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transmission. Similarly, embodiments of the disclosure can
aid in implementing priority communication schemes. For
example, DALI supports a scheme where a window for pri-
oritized messages is opened, with the higher the priority of the
message the earlier in the window it must be transmitted.
Embodiments of the disclosure aid in allowing the bus to be
monitored such that lower priority messages are not transmit-
ted later in the window if a higher priority transmission is
already in progress. In other embodiments, nodes 130 may be
configured to communicate synchronously with each other.
[0051] FIG. 7 illustrates an exemplary case where a bus has
arelatively high wiring impedance. In this case, an increase in
current draw by a first device 710 can result in a decrease in
current by other devices 720, without substantially affecting
the current draw on the bus as detected by the power supply.
Inthis example, a network is powered by a standard DALI bus
of' 22V with a 250 mA current limit. After 50 Ohm of wiring
impedance, a group of devices 720 collectively consume 220
mA. After another 49 Ohm wiring impedance is an additional
single device 710. The group of devices 720 have approxi-
mately 11V of supply voltage (reflected by an 11V drop
across the 500 Ohm impedance), neglecting the draw of the
right device. In this example, the group of devices 720 will
have their respective capacitors charged to approx. 10.5V
(11V less a diode drop), while the overall current draw of this
bus network amounts to about 220 mA steady state.

[0052] Ifdevice 710 attempts to communicate, it shorts the
bus, causing current flow through both the 50 Ohm and the 49
Ohm wiring impedance, and causing an additional drop
across the 50 Ohm resistance. The voltage at junction A will
drop and the group of devices 720 will have a higher voltage
in their capacitors than supply voltage. Consequently, devices
720 will stop drawing current from the bus, and all current
will flow through the device 710 shorting the bus. The current
draw of this case amounts to 22V/99 Ohm=222 mA, which is
very close to the “pre-short” condition and therefore making
it difficult to determine when a device is attempting commu-
nication.

[0053] Embodiments of the present disclosure can help
address the issues described above. In an embodiment, a
control device 120 can be coupled to the power supply 110 to
facilitate outgoing communication as described above. The
current supplied by the power supply 110 is analyzed in order
to detect a potential response to the control device 120 by the
nodes 130.

[0054] The current drawn by the devices 130 can be
detected in any suitable manner. For example, as described
previously, the current may be measured and provided to a
high pass filter, which filters out the slowly changing steady
state current. The filter’s output may be compared against a
positive threshold and a negative threshold. Referring now to
FIG. 8, which depicts a typical communications timing dia-
gram for DALI devices, a rapid increase in current drawn by
adevice 130 will exceed the positive threshold, which must be
lower than the current limit of a standard DALI power supply,
and indicates a node’s attempt to response (point C in FIG. 8).
As the node releases the bus (point E in FIG. 8) the current
will rapidly drop, thereby creating a negative pulse behind the
high pass filter and triggering the negative threshold.

[0055] Inanembodiment, when a device 130 shorts the bus
140, the incremental current is detected by the power supply
110, which additionally drops its output voltage, which can be
detected by the devices 130 on bus 140 as an indicator of
communication between devices 130. Once a device 130
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releases its short, voltage will rise again, thereby appearing as
alogical one to all devices 130 on the bus 140. Once the entire
response has been transmitted by a device 130, as may be
detected by a “bus idle timeout™ or as may be evident by the
command that had been sent, the power supply 110 can
resume providing power at the original current limit.

[0056] This approach can be used to actively control the
power supply’s 110 voltage to make communication between
two devices (120, 130) visible to other devices 130. If the
power supply implements current fold-back, then changing
its output voltage can automatically change its current limit as
well. In alternate embodiments, the control device 120 need
not necessarily be coupled to the power supply 110. Instead,
the power supply can be configured to detected increases in
current and either lower the voltage directly or indirectly by
lowering the current limit, thereby allowing the communica-
tion to be visible by all nodes.

[0057] Inembodiments of'the disclosure, the power supply
110 and one or more devices 130 may cooperate to lower the
overall current consumed by the devices 130 on the bus 140.
In an embodiment, the power supply 110 is configured to
lower its current limit to cooperate with devices 130 that have
input stages which include a rectifier and capacitor (or other
energy storage device), such as the device 500 shown in FIG.
5.

[0058] In an embodiment, when the control device 120
expects a response from a node 130, it indicates to the power
supply 110 to preemptively lower the current limit by the
power supply 110. Alternately, the power supply may be
configured to lower its output voltage directly (i.e., without
receiving an indicator from the control device 120) by detect-
ing the current drawn by the devices 130. In either case, the
power supply 110 lowers the bus voltage below the voltage in
the nodes’ 130 capacitors and they will stop drawing current,
thereby satisfying the new current limit in the power supply
110. Because the capacitors are charged to the bus nominal
“high voltage” (logical one), the newly established bus volt-
age is just under the nominal voltage, and thus the reduction
of the current limit does not cause the bus voltage to drop
significantly. Embodiments of this disclosure may be config-
ured to operate at any suitable voltage level. In an embodi-
ment, voltage levels are about 22.5V normally, well above the
minimum voltage for a logical one on a DALI bus of 9.5V.
[0059] In an embodiment, the nodes 130 on the bus 140
may be configured to monitor all communication on the bus
140, and actively lower their current consumption whenever a
response is expected. Nodes 130 performing this functional-
ity need not have the rectifier/capacitor input stage described
in FIG. 5, but can have any suitable design. For example the
nodes 130 may include the opto-coupler input stage (shown in
FIG. 4) that is commonly found in DALI nodes.

[0060] A device 130 may be configured to change its cur-
rent draw in response to a command (e.g., received from the
control device), a measured electrical characteristic (e.g., the
voltage level of the power supplied by the power supply via
the bus), a detected communication between other devices
130 on the bus, or any other suitable event.

[0061] Inan example of an embodiment, referring again to
FIG. 7, the group of devices 720 can collectively reduce their
current consumption as described above. A control device
(not shown) coupled to the power supply transmits a com-
mand that expects a response from device 710. In anticipation
of'the command, the group of devices 720 collectively lower
their current consumption from 220 mA to 22 mA, for
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example. The power supply detects the reduction in current
consumption from 220 mA to 22 mA, and, upon device 710
attempting to communicate, sees a rapid increase in current
consumption to 222 mA. This increase in current consump-
tion from 22 mA to 222 mA is easily detectable by both the
power supply 110 and control device 120 (coupled to the
power supply 110), allowing the current waveform to be
interpreted and the node’s 710 response retrieved.

[0062] Inyetanother example, referring againto FIG. 7, the
power supply 110 can drop its current limit upon detection of
a transmission attempt. In this example, after the group of
devices 720 reduce their collective current consumption to 22
mA, and device 710 shorts the bus to create a logical zero,
current increases to 222 mA. The power supply 110 detects
the increase and lowers its current limit from 250 mA to 50
mA. The power supply 110 adjusts the output voltage in order
to limit current to 50 mA, which will settle to about 5V (50
mA*99 Ohm). This allows the nodes 710, 720 to see and
interpret the voltage as a logical zero, even in cases where
there is significant impedance due to bus wiring. In order to
return to a logical one, node 710 releases the short and the
current drops. The power supply 110, detecting that it is no
longer current limiting, reverts back to a 250 mA limit, caus-
ing the bus voltage to rise.

[0063] Due to the effects of high wiring impedance on the
communication, the DALI standard specifies a maximum
wiring impedance for the bus, that is, the longer the bus run,
the higher the wire cross section (wire gauge) that must be
used. However, this requires different types of wire depend-
ing on the length of a bus, in turn requiring more careful
installations, more products to stock, etc. and also costlier
wire. Embodiments of the present disclosure can provide
significant advantages over conventional systems. For
example, conventional DALI bus networks using 18 AWG
wire are only capable of a maximum length of about 570 ft. In
an embodiment according to aspects of this disclosure, by
contrast, a DALI bus network may be implemented using 18
AWG wire (the minimum gauge under DALI requirements)
of'up to alength of about 1500 ft, and is capable of delivering
sufficient power to more devices than the conventional 570 ft
network.

[0064] The above-described embodiments may be imple-
mented in any manner, such as through hardware, software, or
acombination of the two. Functionality implemented through
software may be performed by any suitable computer-based
system. Such a software program may be stored on any com-
puter-readable medium, such as floppy disks, hard disks,
CD-ROMs, DVDs, any type of optical or magneti-optical
disks, volatile or non-volatile memory, and/or any other type
of media suitable for storing electronic instructions and
capable of interfacing with a computing device. Methods
according to embodiments of present invention may operate
in conjunction with any type of computer system, such as a
personal computer (PC), server, cellular phone, personal digi-
tal assistant (PDA), portable computer (such as a laptop),
embedded computing system, and/or any other type of com-
puting device. The computer system may include any number
of computing devices connected in any manner, such as
through a distributed network. The computer system may
communicate and/or interface with any number of users and/
or other computing devices to send and receive any suitable
information in any manner, such as via a local area network
(LAN), cellular communication, radio, satellite transmission,
a modem, the Internet, and/or the like.
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[0065] The particular implementations shown and
described above are illustrative of the invention and its best
mode and are not intended to otherwise limit the scope of the
present invention in any way. Indeed, for the sake of brevity,
conventional data storage, data transmission, and other func-
tional aspects of the systems may not be described in detail.
Furthermore, the connecting lines shown in the various fig-
ures are intended to represent exemplary functional relation-
ships and/or physical couplings between the various ele-
ments. Many alternative or additional functional
relationships or physical connections may be present in a
practical system.

[0066] The term “non-transitory” is to be understood to
remove only propagating transitory signals per se from the
claim scope and does not relinquish rights to all standard
computer-readable media that are not only propagating tran-
sitory signals per se. Stated another way, the meaning of the
term “‘non-transitory computer-readable medium” should be
construed to exclude only those types of transitory computer-
readable media which were found in In Re Nuijten to fall
outside the scope of patentable subject matter under 35 U.S.
C. §101.

[0067] Benefits, other advantages, and solutions to prob-
lems have been described herein with regard to specific
embodiments. However, the benefits, advantages, solutions to
problems, and any elements that may cause any benefit,
advantage, or solution to occur or become more pronounced
are not to be construed as critical, required, or essential fea-
tures or elements of the disclosure. The scope of the disclo-
sure is accordingly to be limited by nothing other than the
appended claims, in which reference to an element in the
singular is not intended to mean “one and only one” unless
explicitly so stated, but rather “one or more.” Moreover,
where a phrase similar to ‘at least one of A, B, and C’ or ‘at
least one of A, B, or C” is used in the claims or specification,
it is intended that the phrase be interpreted to mean that A
alone may be present in an embodiment, B alone may be
present in an embodiment, C alone may be present in an
embodiment, or that any combination of the elements A, B
and C may be present in a single embodiment; for example, A
and B, A and C, B and C, or A and B and C. Although the
disclosure includes a method, it is contemplated that it may be
embodied as computer program instructions on a tangible
computer-readable carrier, such as a magnetic or optical
memory or a magnetic or optical disk. All structural, chemi-
cal, and functional equivalents to the elements of the above-
described exemplary embodiments that are known to those of
ordinary skill in the art are expressly incorporated herein by
reference and are intended to be encompassed by the present
claims. Moreover, it is not necessary for a device or method to
address each and every problem sought to be solved by the
present disclosure, for it to be encompassed by the present
claims. Furthermore, no element, component, or method step
in the present disclosure is intended to be dedicated to the
public regardless of whether the element, component, or
method step is explicitly recited in the claims. No claim
element herein is to be construed under the provisions of 35
U.S.C. 112, sixth paragraph, unless the element is expressly
recited using the phrase “means for”” As used herein, the
terms “comprises”, “comprising”, or any other variation
thereof, are intended to cover a non-exclusive inclusion, such
that a process, method, article, or apparatus that comprises a
list of elements does not include only those elements but may
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include other elements not expressly listed or inherent to such
process, method, article, or apparatus.

What is claimed is:

1. A system comprising:

a bus;

a plurality of devices coupled to the bus, the devices con-
figured to communicate with each other via the bus;

a power supply coupled to the bus, the power supply for
supplying power to the plurality of devices via the bus,
wherein the power supply is configured to:
detect an event; and
in response to the event, alternately supply power to the

plurality of devices via the bus at a first current level or
at a second current level, the second current level less
than the first current level.

2. The system of claim 1, wherein the event includes a
decrease in current drawn by the device, and the power supply
is configured to supply power at the first current level in
response to the detected decrease of the current drawn by the
device.

3. The system of claim 1, wherein the event includes a
decrease of an impedance for a device of the plurality of
devices.

4. The system of claim 3, wherein the first current level
exceeds a maximum threshold current level sustainable by the
device when the device’s impedance is decreased.

5. The system of claim 3, wherein the power supply is
configured to supply power at the second current level in
response to the detected decrease of the impedance for the
device.

6. The system of claim 1, wherein the event includes an
increase of an impedance for a device of the plurality of
devices.

7. The system of claim 6, wherein the power supply is
configured to supply power at the first current level in
response to the detected increase of the impedance for the
device.

8. The system of claim 1, wherein alternating between
supplying power at the first current level and supplying power
at the second current level includes decreasing a voltage for
the power supplied at the second current level.

9. The system of claim 1, wherein alternating between
supplying power at the second current level and supplying
power at the first current level includes increasing a voltage
for the power supplied at the first current level.

10. The system of claim 1, wherein the power supply is
configured to gradually alternate between supplying power at
the first current level and supplying power at the second
current level.

11. The system of claim 1, wherein the power supply is
configured to gradually alternate between supplying power at
the second current level and supplying power at the first
current level.

12. The system of claim 1, wherein the event includes an
increase in current drawn by a device of the plurality of
devices.

13. The system of claim 12, wherein the power supply is
configured to supply power at the second current level in
response to the detected increase in current drawn by the
device.
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14. The system of claim 12, wherein the power supply is
configured to supply power at the second current level in
response to a rate of the increase in current being drawn by the
device.

15. The system of claim 1, wherein the event includes a
decrease in current drawn by a device of the plurality of
devices.

16. The system of claim 15, wherein the power supply is
configured to supply power at the first current level in
response to the detected decrease of the current drawn by the
device.

17. The system of claim 15, wherein the power supply is
configured to supply power at the first current level in
response to a rate of the decrease in current being drawn by
the device.

18. The system of claim 1, wherein the event includes a
decrease in voltage output by the power supply.

19. The system of claim 1, wherein the event includes an
increase in voltage output by the power supply.

20. The system of claim 1, wherein at least one of the
plurality of devices includes an input stage comprising a
rectifier and an energy storage device, wherein the energy
storage device is charged by voltage from the power supply
and the rectifier helps prevent discharge of the energy storage
device through the bus.

21. The system of claim 1, wherein a device of the plurality
of devices is configurable to control an amount of current
drawn by the device.

22. The system of claim 21, wherein the current drawn by
the device is determined by transmitting a command to the
device via the bus.

23. The system of claim 21, wherein the amount of current
drawn by the device is determined based on a current level of
the power supplied by the power supply via the bus.

24. The system of claim 21, wherein the device is config-
ured detect a communication associated with another of the
plurality of devices, and the amount of current drawn by the
device is determined based on detecting the communication.

25. The system of claim 1, further comprising a control
device coupled to the bus, the control device configured to
indicate to the power supply to supply power at the first
current level or the second current level.

26. The system of claim 25, wherein the plurality of
devices are configured to communicate asynchronously via
the bus, and wherein the control device is further configured
to arbitrate communication between the plurality of devices
via the bus.

27. The system of claim 1, wherein the plurality of devices
are configured to communicate synchronously via the bus.

28. The system of claim 1, wherein a device of the plurality
of'devices is configured to detect a communication associated
with another of the plurality of devices.

29. A system comprising:

a bus;

a plurality of devices coupled to the bus, the devices con-

figured to communicate with each other via the bus;

a power supply coupled to the bus, the power supply for
supplying power to the plurality of devices via the bus,
wherein a device of the plurality of devices is configured
to control an amount of current drawn by the device.
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