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(57) Abstract: A method of communicating over a power line is disclosed, the method comprising the step of modulating a current
component of an AC power signal present on the power line. Also disclosed is a communications protocol for communication
between a monitoring unit and an appliance, the protocol having two modes of operation, the first mode being an on-line single
direction protocol for communications from the appliance to the monitoring unit via modulation of a current component of an AC
power signal between the monitoring unit and the appliance, and the second mode being an off-line protocol for communications at
least from the monitoring unit to the appliance, the second mode being operable only when the power signal is not present between

the monitoring unit and the appliance.
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"Power line communications method"
Technical Field
The present invention relates to power-line communications, and is

applicable to both sources and loads.

Background to the Invention

In situations where power lines exist between two devices which wish
to communicate to each other, it has been recognised that the existing power
lines may be used both for power transmission and communications, thereby
avoiding the need to install separate communication cabling. In the past, this
has been achieved by way of high speed power line modems, which are
capable of connecting to the power line and inserting a carrier signal onto the
power lines and additional to the power signal, and modulating the carrier
signal with information to be transmitted. However, the circuitry of such
modems must be able to withstand the large power levels present on the
power lines, and the cost of such modems is usually significantly higher than
standard modems which can be used where dedicated communications
cabling is available, thereby offsetting some of the cost savings in using only a
single line for both power and communications. Furthermore, devices
connected to the power line are often quite simple in nature and
consequently the required rate of communications will be extremely low, as
only relatively small amounts of information need to be transmitted. In such
situations, the high speed and high cost of a power line modem will go
substantially unutilised.

Any discussion of documents, acts, materials, devices, articles or the
like which has been included in the present specification is solely for the
purpose of providing a context for the present invention. It is not to be taken
as an admission that any or all of these matters form part of the prior art base
or were common general knowledge in the field relevant to the present
invention as it existed before the priority date of each claim of this |
application.-

Throughout this specification the word "comprise", or variations such
as "comprises” or "comprising”, will be understood to imply the inclusion of a
stated element, integer or step, or group of elements, integers or steps, but not
the exclusion of any other element, integer or step, or group of elements,
integers or steps.
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Summary of the Invention
According to a first aspect the present invention provides a method of

communicating over a power line comprising the step of modulating a
current component of an AC power signal present on the power line.

Typically, modulation of the current component of the AC power signal
will be such that 1 bit or less will be transmitted for each half sine of the AC
power signal. Embodiments of this type are advantageous as they permit
simple amplitude modulation of each half sine to be performed, whereby a
demodulator can simply detect a peak amplitude of each half sine to
determine an amplitude variation of the current component of the AC power
signal.

It is envisaged that modulation of the current component of the AC
power signal could occur up to a bit frequency of many hundreds of Hz,
although the frequency of modulation will often be limited by a frequency
response of circuitry on the power line, such as filters, inductors or
transformers.

Depending on a modulation scheme employed and a data package to be
sent, DC injection may occur on the power line. Preferably, the method of the
present invention further comprises the steps of monitoring an amount of DC
inserted during transmission of a data package, and, after transmission of the
data package, correcting the inserted DC. The data package may comprise a
single bit or a larger amount of information, such as a byte or a complete data
message.

Further, due to the direct modulation of a power signal, power may be
shifted within or between half sines of the AC power signal. Ideally, a
modulation scheme is chosen to minimise or eliminate any power
consumption which may be caused by the shifted power. For instance, it
may be preferable to cause the power shift to occur between half sines rather
than between full sines.

Further, the data is preferably transmitted in accordance with a CRC
error detection code, whereby a number of errors in a data package can be
detected.

In embodiments where the current component of the AC power signal
varies over time, for instance in situations of a variable power output of a
power source or a variable power consumption of a load, the modulation of
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the current component of the AC power signal is preferably a differential
form of modulation, such that a variation in the absolute value of the current
amplitude will not preclude or excessively increase the difficulty of detection
of the differentially modulated information. For instance a photovoltaic
power source may provide variable power depending on short term factors
such as insolation changes caused by shading or partial shading by clouds,
and to a lesser extent, longer term factors such as time of day and season.
Consequently the modulation scheme employed in such applications should
be insensitive to such variations.

It is to be noted that the method of the first aspect of the present
invention allows communications to occur both in the direction of power
flow, and against the direction of power flow. For instance, in a domestic
environment, power may flow from a commercial power distribution grid to
appliances (loads) in a household, and power may pass from on-site power
sources, such as a photovoltaic system, to the grid. Both involve the use of a
grid interface unit (GIU), connected between the loads/sources and the grid.
In such an environment, communications may be desired between the GIU
and both the loads and the sources. As will be readily apparent, a power
source such as the photovoltaic system need merely be operable to produce
AC power with amplitude modulation of the current component of the AC
power signal. Such modulation enables the GIU to determine the information
transmitted by the source.

Where communications is desired against the direction of power flow,
for example from a domestic appliance (load) having a Power Factor Control
(PFC) circuit to a GIU, the modulation of the power signal may be performed
by the PFC controlling the current drawn by the load to thereby represent
information to be transmitted in accordance with a modulation scheme being
employed. Hence, circuitry situated elsewhere on the power line (such as the
GIU) can monitor the AC current flow drawn by the load and thus
demodulate the transmitted information.

The method may be used in communications between a grid interface
unit and a plurality of appliances on a single power line, for instance by the
use of time division multiplexing or other form of multiplexing.

The step of modulating the current signal may be performed by
amplitude modulation or another type of modulation as will be recognised by
one skilled in the art.
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The method of the first aspect of the present invention preferably
comprises the preliminary step of transmitting a preamble to allow a receiver
to determine commencement of a sent message.

According to a second aspect the present invention provides a
communications protocol for communication between a monitoring unit and
an appliance, the protocol having two modes of operation, the first mode
being an on-line single direction protocol for communications from the
appliance to the monitoring unit via modulation of a current component of an
AC power signal between the monitoring unit and the appliance, and the
second mode being an off-line protocol for communications at least from the
monitoring unit to the appliance, the second mode being operable only when
the power signal is not present between the monitoring unit and the
appliance.

The second aspect of the present invention is of particular advantage
where it is desired to monitor one or more appliances. In such embodiments,
most communications would typically take place in the on-line mode, as
most information would consist of status signals passing from the
appliance(s) to the monitoring unit. Such embodiments of the second aspect
of the present invention allow the monitoring to take place without
significant interruption of power, and without the need to use a separate
communications line or a power line modem.

The monitoring unit could comprise a grid interface unit or a dedicated
monitoring unit, while each appliance may be a power source (such as a grid-
interactive inverter) or a load (such as a domestic appliance). Where the
appliance is a power source, the modulation of the power signal may occur at
the same time as the power signal is formed. For instance, where the
appliance is an inverter for converting a DC power input to an AC power
output (ie the power signal) for insertion onto a commercial power
distribution grid via a grid interface unit, the inverter may be operable to
selectively modulate the AC power output while it is generated (for instance
by amplitude modulation), thereby passing communications to the grid
interface unit.

Alternatively, where the appliance is a load such as a domestic
appliance, having a Power Factor Control circuit, the modulation of the
power signal may be performed by the PFC controlling the current drawn by
the load to thereby represent information to be transmitted in accordance
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with a modulation scheme being employed. Hence, the monitoring unit can
monitor the current drawn by the appliance and demodulate the information
thus transmitted.

The second mode of operation is preferably commenced by the
monitoring unit disconnecting the power such that no power signal is present
between the monitoring unit and the appliance(s). The power may be
disconnected by using relays at the monitoring unit to switch the appliance(s)
to communications circuitry in the monitoring unit. The communications
circuitry preferably is capable of decoding communications from the
appliance(s) and generating communications to the appliance(s). In preferred
embodiments, during the second mode of operation each power source does
not produce power, and each load does not consume power. During the
second mode, two-way communication may take place, for example duplex or
half-duplex communication. The monitoring unit may poll each appliance
during the second mode of operation.

In embodiments of the invention where more than one appliance
communicates with the monitoring unit, a multiplexing scheme is preferably
implemented to ensure that communications of each appliance are not
corrupted by communications of another appliance and to allow the
monitoring unit to differentiate between communications from each
appliance. The multiplexing scheme may consist of time division
multiplexing (TDMA) or other appropriate multiplexing scheme. In
particular, the use of the term multiplexing is intended to encompass the use
of a polling scheme.

Brief Description of the Drawings

Embodiments of the invention will now be described by way of
example, with reference to the accompanying drawings in which:

Figure 1 illustrates an embodiment of the invention in which a grid
interface unit is operable to communicate with a plurality of appliances;

Figure 2 illustrates operation of the circuit of Figure 1 in an on-line
mode;

Figures 3a to 3d illustrate methods of modulating a current component
of an AC power signal present on a power line in order to represent
information; and
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Figure 4 illustrates operation of the circuit of Figure 1 in an off-line
mode.

Detailed Description of Embodiments of the Invention
Figure 1 illustrates an embodiment of the invention in which a grid

interface unit 10 is operable to communicate with a plurality of appliances 11
over power line 12, Communications between the grid interface unit 10 and
the appliances 11 are conducted in accordance with the communications
protocol of the second aspect of the present invention. During the first mode
of operation, on-line communications are conducted in a single direction,
from the appliances 11 to the grid interface unit 10, by modulation of a
current component of a power signal passed between the grid interface unit
10 and the appliances 11. Hence, during the first mode of operation, there is
provided a simplex (one-way) channel from the appliances to the grid
interface unit.

As can be seen, the present invention is of particular advantage where
it is desired to monitor one or more appliances, particularly as the monitoring
can be performed by a pre-existing component in the power system, namely
the GIU 10. As most information consists of status signals passing from the
appliances 11 to the GIU 10, most communications would typically take place
in the on-line mode, allowing the monitoring to take place without significant
interruption of power, and without the need to use a separate
communications line or a power line modem.

As shown in Figure 2, power generated by the appliances 11 is fed
into the grid via the grid interface unit 10. The grid interface unit 10
measures the total appliance current I for each half-sine with current
measurement means 13, and so the appliances 11 can transmit information to
the grid interface unit 10 along the power lines 12 by modulating the
amplitude of the current flow. The grid interface unit 10 measures and
decodes this output current variation. Very little or no additional circuitry is
required in the appliances 11, beyond that which is required for normal
operation.

For those appliances 11 which are power sources, the modulation of
the power signal may occur at the same time as the power signal is formed by
the power source. In the present embodiment, where an appliance 11 is an
inverter for converting a DC power input to an AC power output (ie the power
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signal), for insertion onto a commercial power distribution grid via the grid
interface unit 10, the inverter will be operable to selectively modulate the AC
power output while it is generated (for instance by amplitude modulation),
thereby passing communications to the GIU 10. It will be within the
knowledge of those skilled in the art that this may be performed, for example,
with a switch mode power conversion device operating as an inverter.

Alternatively, where an appliance 11 is a load such as a domestic
appliance, having a Power Factor Control circuit, the modulation of the
power signal may be performed by the PFC controlling the current drawn by
the load to thereby represent information to be transmitted in accordance
with a modulation scheme being employed. Hence, the GIU 10 can monitor
the current drawn by the appliance 11 and demodulate the information thus
transmitted.

Further, the data is preferably transmitted in accordance with a CRC
error detection code, whereby a number of errors in a data package can be
detected. In the present embodiment, a 21/31 BCH cyclic code is used,
wherein after 21 data bits, 10 parity bits are included. Itis noted that in such
a scheme, bit rotation of the 31 bit code will result in another valid code.
Therefore, in cases where the receiver is out of phase with the incoming data,
there is some chance that the additional bit or bits which will be incorrectly
read as part of the 31 bit code will in fact yield a valid code, and so the phase
error will not be detected. For example, where the receiver is one bit out of
phase, the probability of failure to detect the error is 50%, which is
unacceptably high for most applications. Therefore, a further preferred
feature of the present invention is to provide a packet shuffling scheme,
whereby, immediately prior to transmission, a fraction of the CRC code is
shuffled to another part of the data packet so as to remove the cyclic nature of
the code, and, immediately upon reception, the data packet is shuffled in the
opposite manner. Such a packet shuffling scheme reduces the likelihood that
the cyclical nature of the CRC code will lead to failure to detect phase errors.

For example, in a 31 bit data packet which concludes with 10 parity
bits, the final eight parity bits may be swapped with the eighth to fifteenth
bits of the packet immediately prior to transmission, and swapped back
immediately upon reception at a receiver. A phase error at the receiver is
then more likely to be detected.
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The modulation scheme employed in accordance with the present
invention may be effected in a variety of ways, a range of which are shown in
Figures 3a to 3d each illustrating a method of modulating a current
component of an AC power signal present on a power line in order to
represent information. The discussion of Figures 3a to 3d is with reference to
signals generated by a power source, however it will be understood that the
following is also applicable to modulation of a current drawn by a load. Itis
to be noted that in situations where both sources and loads are employing a
modulation scheme in accordance with the present invention, sources should
modulate the power signal in the opposite manner to loads. For example,
where a source would increase the amplitude of a half sine, a load should
decrease the amplitude, and vice versa. This arrangement is desirable as it
causes modulation by loads and sources to take the same effect at the grid
interface.

Figure 3a illustrates a first modulation scheme which may be employed
in the present invention, in which current waveform 20 is the 'normal’ or
unmodulated current waveform produced by a power source, having
approximately equal magnitude of the positive half sine and the negative half
sine. When it is desired to transmit a bit of information during time period
T,, the power source will produce current waveform 21 to transmita '1', or
current waveform 22 to transmit a '0'.

In transmitting a '1', the magnitude of the positive half sine is increased
relative to the normal waveform 20, and the magnitude of the following
negative half sine is decreased. Conversely, in transmitting a '0', the
magnitude of the positive half sine is decreased relative to the normal
waveform 20 and the magnitude of the following negative half sine is
increased.

Hence, each transmission of a '1' causes a positive net DC injection, and
each transmission of a '0' causes a negative net DC injection. Therefore, when

. such a modulation scheme is employed, the method of the present invention

includes the steps of monitoring an amount of DC inserted during
transmission of a data package, and, after transmission of the data package,
correcting the inserted DC. Further, it may be necessary to limit a data
package length to ensure that a transmission of all '0's or all '1's will not cause
DC injection to exceed a predefined limit, for example, a limit defined by
AS3300 in Australia.



10

15

20

. 25

30

35

WO 02/05449 PCT/AU01/00818

Following transmission of a bit in period T, a second bit can be
transmitted in period T,. Hence the modulation scheme of Figure 3a provides
a data rate equal to the power line frequency (50Hz in Australia, therefore
50bps).

Figure 3b illustrates a second modulation scheme which may be
employed in the present invention, in which current waveform 30 is the
'normal' or unmodulated current waveform produced by a power source,
having approximately equal magnitude of each positive and negative half
sine. When it is desired to transmit a bit of information during time period
T,, the power source will produce current waveform 31 to transmit a '1', or
current waveform 32 to transmit a '0".

. In transmitting a '1', current waveform 31 consists of a positive and
negative half sine both of increased magnitude, followed by a positive and
negative half sine both of reduced magnitude. Conversely, in transmitting a
'0', current waveform 32 consists of a positive and negative half sine both of
decreased magnitude, followed by a positive and negative half sine both of
increased magnitude. Hence, neither transmission of a '1' or a '0' causes any
net DC injection. However, the average power level varies between
successive full sines. The modulation scheme of Figure 3b provides a data
rate of half the power line frequency (50Hz in Australia, therefore 25bps).

Figure 3c illustrates a third modulation scheme which may be
employed in the present invention, in which current waveform 40 is the
'normal’ or unmodulated current waveform produced by a power source,
having approximately equal magnitude of each positive and negative half
sine. In this modulation scheme, a bit 'A' is transmitted during time periods
T,, and T,,, that is, on successive positive half sines. When it is desired to
transmit bit 'A’, the power source will produce current waveform 41 to
transmit a '1', or current waveform 42 to transmit a '0'.

In transmitting a '1', current waveform 41 consists of a positive half
sine of increased magnitude, followed by a positive half sine of reduced
magnitude. Conversely, in transmitting a '0', current waveform 42 consists of
a positive half sine of decreased magnitude, followed by a positive half sine of
increased magnitude. Hence, neither transmission of a '1' or a '0' causes any
net DC injection. Again, the average power level varies between successive
positive half sines. A second bit 'B' may be transmitted during time periods
T, and Ty, in a similar manner. The modulation scheme of Figure 3c
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provides a data rate equal to the power line frequency (50Hz in Australia,
therefore 50bps).

Figure 3d illustrates a fourth modulation scheme which may be
employed in the present invention, in which current waveform 50 is the
'normal’ or unmodulated current waveform produced by a power source,
having approximately equal magnitude of each positive and negative half
sine. A first scheme is selected by which one of four possible current
waveforms is transmitted over 3 half sines of the power signal to represent a
'0, '1', '2' or '3', thereby enabling 2 bits to be transmitted for every 3 half sines.
In Fig 3d, current waveform 51 represents a '0', and waveform 52 represents a
'1', other possible current waveforms which could be used to represent a '2' or
a '3' not being shown for period T, for clarity purposes.

It will be appreciated that alternating waveforms, being of 3 half cycles,
will start with either a positive half sine or a negative half sine, and in time
period T, waveform 53 represents a '2' and waveform 54 represents a '3/,
other possible waveforms which could be used to represent a '0' or a '1' not
being shown for period T; for clarity purposes.

It is to be'noted that in modulating each half sine by increasing or
decreasing an amplitude of each half sine, there are 2° (ie eight) possible
current waveforms which can be transmitted over 3 half cycles. Therefore,
the use of only four such waveforms for the first scheme, enables the
remaining four waveforms to also be allocated as a '0', '1', '2' or '3' so that a
second scheme may also be used. With appropriate selection of waveforms
for each scheme, each 2 bits of the data may be sent in accordance with either
the first scheme or the second scheme, which allows correction of injected
DC, or average power, to be performed 'on the run' throughout transmission.
In Fig 3d, waveforms 55 and 56 represent waveforms of a second scheme
used respectively to represent a '0' or a '1' in time period Ty, and waveforms
57 and 58 represent waveforms of the second scheme used respectively to
represent a'2' or a '3' in time period T,. Again, waveforms which could be
used to transmit a '2' or a '3' in period T, or a '0' or a '1' in period T,, are not
shown.

The modulation scheme of Figure 3d provides a data rate equal to four
thirds of the power line frequency (50Hz in Australia, therefore 66.7bps).
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Other modulation schemes which could be employed include simple
AM modulation at (for example) 100 baud or 50 baud, in which the half sine
(100 baud) or full sine (50 baud) is modulated to indicate a zero or a one.

The calculated performance of the previously described modulation

schemes is outlined in Table 1.

50bps |25bps  |Interleaved |67AM 100 AM (50 AM
(Fig 3a) |(Fig 3b) |50bps (Fig |encoded
3c) (Fig 3d)
1) T, time (s)  [0.7 1.4 0.7 0.525 0.35 0.7
2) Max run of |2 4 3 31 62
high/low half
sines
3) Low T, power|Very Very Very good  [Very good |Poor Very
loss (PV) good good poor
4) High T, Average [Very Very poor  [Poor Good Very
modulation poor good
5) Low R, Very Average |Good Good Very Very
Average good poor poor
sensitivity
6) LowR,DC |Poor Very Very good  [Poor Poor Very
offset sensitivity good good
7) Low R, data [Very Average |Average Poor Very Very
phase good good good
sensitivity
8) Low DC Poor Very Very good  |Good Poor Very
injection good good
Table 1.

In Table 1, row (1) indicates the number of seconds required for each
modulation scheme to transmit a 35 bit data package on a 50Hz grid which
can be seen to follow directly from the data rate provided by the respective
modulation scheme. Row (2) gives the maximum possible number of

consecutive half sines of increased magnitude which can occur for each

modulation scheme, assuming a 31 bit sequence. This is significant as a long
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sequence of half sines of increased magnitude represents an increase in
power demand on the power source. For each scheme, this is the same as the
maximum possible number of consecutive half sines of decreased magnitude
which can occur.

Row (3) represents the power loss at the transmitter by using each
modulation scheme. This is specific to photovoltaic modules and
representative of the extent to which each modulation scheme takes the PV
module away from a maximum power point, with the unencoded AM
modulation schemes clearly the worst, while row (4) indicates the level of
transmitter modulation achievable for a given power loss (row 3) and R, bit
error rate. Row (5) relates to whether a change in A (average peak current
magnitude, which for example could be caused by insolation variation in a
photovoltaic power supply) will affect a receiver's ability to decode the signal,
with the differential modulation schemes performing better in this regard.
Row (6) indicates the receiver sensitivity to a DC offset error, however this
factor can be of minimal importance, as some receivers can compensate for or
correct problems in this regard. The use of TDMA for example, allows
measurement of offset error between periods of transmission, allowing
compensation to be made for any DC offset which may exist.

Row (7) relates to the difficulty of keeping the receiver in phase with
the incoming signal. Schemes such as the interleaved 50bps demand correct
sequencing of successive positive half sines, hence their performance in this
regard is only average. Finally row (8) indicates the extent to which each
scheme injects DC.

It is to be noted that in the embodiments shown in Figs 3a to 3d,
modulation of the current component of the AC power signal is such that 1
bit or less is transmitted for each half sine of the AC power signal.
Embodiments of this type are advantageous as they permit simple amplitude
modulation of each half sine to be performed, whereby a demodulator can
simply detect a peak amplitude of each half sine to determine an amplitude
variation compared to an average amplitude of the current component of the
AC power signal.

Further, as shown in Fig 3a, the amount by which each half sine is
increased (Ai) or decreased (Ad) relative to a normal magnitude A should be
carefully considered. In embodiments such as a photovoltaic-driven inverter
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producing the modulated current waveform, the modulation level used is a
trade-off between a sufficiently large level to overcome noisy environments
and satisfy receiver sensitivity, but should be kept small in order to maintain
the photovoltaic source at or near a maximum power point voltage, and to
minimise power losses associated with the change in current magnitude. In
the present embodiment, (Ai + Ad) ~ 0.2A.

In embodiments of the invention such as that shown in Figure 1, where
more than one appliance 11 transmits communications to the grid interface
unit 10, a multiplexing scheme is preferably used to allow the grid interface
unit 10 to differentiate between transmissions from the different appliances
11. For example, TDMA (time division multiplex access), is a scheme
whereby only one appliance can transmit at a time. Each appliance 11 has
parameters to define the assigned timeslot for packet transmission, the period
between transmissions, and generally, the manner in which information is to
be transmitted in the packet. Additionally, the timing of the timeslots has to
be synchronised for all the appliances 11 so that their transmissions will not
clash. To prevent clashes, an appliance 11 will not transmit packets until all
of this information is sent. This information can be transmitted to the
appliances 11 using the offline mode of communications.

Alternatively, CDMA (code division multiplex access) may be
implemented, which uses a different pseudo-random number binary
sequence for each appliance 11 to modulate the data. This allows
simultaneous transfer of packets from multiple appliances 11. However, the
data rates are much lower, decreasing as the number of appliances 11 and the
required sequence length increases.

Figure 4 illustrates the second mode of operation which is an off-line
protocol for two way communications between the grid interface unit 10 and
the appliances 11. The second mode of operation is only operable when no
power signal is present on power lines 12, which, in the present embodiment,
occurs when relay 14 switches appliances 11 from the grid into the dedicated
communications circuitry 15 in the grid interface unit 10, the
communications circuitry being capable of decoding communications from
the appliances and generating communications to the appliances. The power
lines 12 are then used for half-duplex communications. In the present
embodiment, the off-line mode involves transmission of both voltage
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modulated and current modulated signals, however it will be appreciated that
other modulation schemes may be used in the off-line mode.

The communications circuitry 15 is required to generate and decode
the digital communications signals between the grid interface unit 10 and the
appliances 11. The grid interface unit 10 operates as a master, polling the
appliances 11.

Where an appliance is an inverter, the same circuitry can be used to
generate and detect communication signals as is used for power generation
and grid polarity measurement. Thus, little or no additional circuitry for
detection, generation, or protection is required.

During the communications process, the communications circuitry of
appliances 11 that don't generate power can be powered from the incoming
communications signal, at the cost of some additional circuitry, or
alternatively by storing power from the grid. The first option would make it
possible to communicate with the appliances 11 without them being plugged
into the grid, using a portable version of the grid interface unit 10.

Appliances with a large reactive component should be disconnected
from the grid for the time it takes the output voltage to decay, before
commencing communications. For appliances with a low reactive
component, the communications method can be speeded by using triacs to
disconnect the grid and modulate at a high baud rate, which could allow a
whole transfer (grid interface unit poll and appliance response) to take place
in very few mains cycles, possibly having little effect on the devices'
operation.

It will be appreciated by persons skilled in the art that numerous
variations and/or modifications may be made to the invention as shown in the
specific embodiments without departing from the spirit or scope of the
invention as broadly described. The present embodiments are, therefore, to
be considered in all respects as illustrative and not restrictive.
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CLAIMS:

1. A method of communicating over a power line comprising the step of
modulating a current component of an AC power signal present on the power
line.

2. The method of claim 1 wherein the step of modulating is such that 1
bit or less is transmitted for each half sine of the AC power signal.

3. The method of claim 1 or claim 2 further comprising the step of
monitoring an amount of DC inserted during transmission of a data package.
4.  The method of any preceding claim further comprising the step of
correcting the inserted DC.

5. The method of claim 4 wherein the step of correcting occurs after
transmission of the data package.

6. The method of any preceding claim wherein the step of modulating is
such that power is shifted between half sines of the AC power signal.

7. The method of any preceding claim wherein the step of modulating is
in accordance with a CRC error detection code.

8.  The method of any preceding claim wherein the step of modulating the
current component of the AC power signal is a differential form of
modulation.

9.  The method of any preceding claim wherein the step of modulating is
performed by amplitude modulation.

10. The method of any preceding claim further comprising a preliminary
step of transmitting a preamble to allow a receiver to determine
commencement of a sent message.

11. A communications protocol for communication between a monitoring
unit and an appliance, the protocol having two modes of operation, the first
mode being an on-line single direction protocol for communications from the
appliance to the monitoring unit via modulation of a current component of an
AC power signal between the monitoring unit and the appliance, and the
second mode being an off-line protocol for communications at least from the
monitoring unit to the appliance, the second mode being operable only when
the power signal is not present between the monitoring unit and the
appliance.

12.  The protocol of claim 11 wherein modulation of the current component
of the AC power signal in the first mode is such that 1 bit or less is
transmitted for each half sine of the AC power signal.
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13.  The protocol of claim 11 or claim 12 wherein an amount of DC inserted
during the first mode of operation is monitored .

14. The protocol of any one of claims 11 to 13 wherein DC inserted during
the first mode of operation is corrected.

15.  The protocol of claim 14 wherein the step of correcting occurs after the
first mode of operation.

16.  The protocol of any one of claims 11 to 15 wherein the modulation of
the current component of the AG power signal is such that power is shifted
between half sines of the AC power signal.

17. The protocol of any one of claims 11 to 16 wherein the modulation of
the current component of the AC power signal is in accordance with a CRC
error detection code.

18. The protocol of any one of claims 11 to 17 wherein a differential
modulation scheme is used to modulate the current component of the AC
power signal.

19. The protocol of any one of claims 11 to 18 wherein modulation of the
current component of the AC power signal is performed by amplitude
modulation.

20. The protocol of any one of claims 11 to 19 wherein during the first
mode a preamble is transmitted to allow a receiver to determine
commencement of a sent message.

21.  The protocol of any one of claims 11 to 20 wherein the second mode of
operation commences upon disconnection of the AGC power signal by the
monitoring unit such that no power signal is present between the monitoring
unit and the appliance.

22.  The protocol of any one of claims 11 to 21 wherein two-way
communication takes place during the second mode.

23.  The protocol of any one of claims 11 to 22 wherein a multiplexing
scheme is used during the first and second modes of operation to
accommodate communications with a plurality of appliances.

24. A communications system for an electrical power environment
comprising a monitoring unit and an appliance each operable in accordance
with the protocol of any one of claims 11 to 23.

25. The communications system of claim 24 wherein the monitoring unit is
a grid interface unit.
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26. The communications system of claim 24 or 25 wherein the appliance is
a power source.

27. The communications system of claim 26 wherein the power source is a
grid-interactive inverter.

28. The communications system of claim 26 or 27 wherein modulation
occurs at the same time as the power signal is formed.

29. The communications system of claim 24 or 25 wherein the appliance is
a load.

30. The communications system of claim 29 wherein modulation is
performed by a Power Factor Control circuit controlling current drawn by the
load.



WO 02/05449 PCT/AU01/00818
1/4

/12

10
1 11 1 11
el
}_ - /12 L
|
|
| Il -1 I
A
11 i 11 1
13




WO 02/05449 PCT/AU01/00818
2/4

A
I\ 4 -.‘\\ A X
\ \, u/ WA 7 'l
\ N/ /I “‘ \N_/ l/
\ \ /
T/ "/ _Hr7 30

g
/ —042
/ ” \
f/ I/ “\\
II \‘\

T 5¢.




PCT/AU01/00818

WO 02/05449

3/4

pe A




WO 02/05449 PCT/AU01/00818
4/4




INTERNATIONAL SEARCH REPORT

International application No.

PCT/AU01/00818

A.

CLASSIFICATION OF SUBJECT MATTER

Int. CL ™

H04B 3/54; H0O4M 11/00; HO4L 27/00

According to International Patent Classification (IPC) or to both nationa] classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: H04B 3/IC; H04M 11/IC, HO4L 27/IC

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

AU:IPC AS ABOVE

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

WPAT: Communication, AC, powerline, modulat, current, component

C.

but later than the priority date claimed

DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
US 6,040,759 A (SANDERSON) 21 March 2000
A ‘Whole document 1-30
US 5,404,127 A (LEE ET AL) 04 April 1995
A Whole document 1-30
US 5,264,823 A (STEVENS) 23 November 1993
A ‘Whole document 1-30
l:] Further documents are listed in the continuation of Box C See patent family annex
* Special categories of cited documents: “T"  later document published after the international filing date or
"A" document defining the general state of the art which is priority date and not in conflict with the application but cited to
not considered to be of particular relevance understand the principle or theory underlying the invention
"BE" earlier application or patent but published on or after "X"  document of particular relevance; the claimed invention cannot
the international filing date be considered novel or cannot be considered to involve an
"L" document which may throw doubts on priority claim(s) inventive step when the document is taken alone
or which is cited to establish the publication date of "Y"  document of particular relevance; the claimed invention cannot
another citation or other special reason (as specified) be considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition combined with one or more other such documents, such
or other means combination being obvious to a person skilled in the art
“P*  document published prior to the international filing date  "&" ~ document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

/b Auey s7— e/

PO BOX 200, WODEN ACT 2606, AUSTRALIA
E-mail address: pet@ipaustralia.gov.au
Facsimile No. (02) 6285 3929

10 August 2001
Name and mailing address of the ISA/AU Authorized officer
AUSTRALIAN PATENT OFFICE . \/’.\/ amIA ~

SERINEL SAMUEL
Telephone No : (02) 6283 2382

Form PCT/ISA/210 (second sheet) (July 1998)




INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members PCT/AU01/00818

This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the
above-mentioned international search report. The Australian Patent Office is in no way liable for these particulars
which are merely given for the purpose of information.

Patent Document Cited in Patent Family Member
Search Report

US 6040759 NONE

US 5404127 AU  19188/92 WO 9221194

US 5264823 EP 502176 WO 9206552

END OF ANNEX

Form PCT/ISA/210 (citation family annex) (July 1998)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

