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POWER STRIP WITH CONTROL AND MONITORING FUNCTIONALITY

RELATED APPLICATION
This application claims the benefit of and is a continuation-in-part of U.S.
Application Serial No. 10/654,180, filed September 3, 2003, and U.S. Application Serial
No. 10/758,820, filed January 16, 2004, both of which claim the benefit of U.S.
Application Serial No. 10/087,078, filed March 1, 2002 (now U.S. Patent No. 6,642,852).

BACKGROUND OF THE INVENTION

The present invention relates generally to home appliance control and, more
particularly, to a power strip having control and monitoring functionality, especially for
use in conjunction with a remote control device with appliance power awareness.

In the art it is known to monitor power supplied to home appliances. For
example, Niles currently markets a power sensor under the "APC-2" brand name.
Similarly, Panja markets a power sensor under the "AMX" "PCS" and "PCS2" brand
names. These power sensors are particularly used to monitor the state of a home
appliance, i.e., whether the home appliance is powered on or in a standby mode of
operation (also referred to as off). More particularly, the power sensors are used in
connection with a system that further comprises a central controller. The power sensors
communicate state information to the central controller, via a hard wired connection, and
the central controller is programmable to use the state information to effect control of
home appliances.

While these known systems work for their intended purpose, they have not been
widely adopted for use by consumers for the reason that they suffer numerous drawbacks.
In this regard, the systems are expensive to purchase and installation (e.g., wiring of the
components) often requires the assistance of a professional. Programming the central
controller also requires a high-level of programming skill that most consumers find
intimidating or are simply unable to comprehend. For example, the Niles system central
controller is programmable only by authorized dealers/installers. Thus, the need exists
for a system and method for controlling appliances having a power awareness component
that an average consumer can afford to purchase and can easily use.

For simply controlling the operation of home appliances, it is also known to
provide a remote control with macro command capabilities. For example, commonly

owned U.S. Patent No. 5,959,751, which is incorporated herein by reference in its
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entirety, describes a method of programming a remote control to respond to activation of
a macro key to cause the transmission of command codes that have been assigned to the
macro key. Programming of a macro key can be accomplished by a consumer simply
entering a macro setup mode, activating keys on the remote control in the same manner
that the consumer would normally activate keys to cause one or more appliances to
perform one or more operations, and exiting the macro setup mode. Macro keys can also
be preprogrammed.

While remote controls having macro command capabilities have been widely
accepted and used by consumers, there is a particular problem associated with the use of
macros. When a macro is programmed to transmit power control commands to an
appliance (e.g., a macro programmed to turn on a VCR, turn on a television, and tune the
television to channel 3), there is no easy way to ensure that the appliance is in a known
state when the macro is executed. Thus, there is no easy way to ensure that the desired
operations will be performed when the macro is executed. In the example provided, if the
television were already powered on prior to executing the macro, executing the macro
might send a power toggle command to the television that would not have the desired
effect of turning the television on. Rather, to the frustration of a user, the power toggle
command in the executing macro would cause the already powered on television to turn
off and the tune to channel 3 command would not be capable of being operated upon by
the now powered off television.

To solve this problem, it is possible for users to program a macro which omits the
transmission of power commands. This, however, defeats the purpose of providing a
remote control with macro command capabilities as the user must then control power to
an appliance by conventionally activating keys on the remote control or by manually
turning on/off the appliances. Alternatively, in limited cases where another function
command also causes an appliance to turn on (e.g., most Sony AV receivers will turn on
if not already on when an input select command is received) a macro can be programmed
using these function commands to place the appliance in a desired state. This solution is
also not acceptable as it requires the user to have a knowledge of the intricacies of the
operation of an appliance which is knowledge that most consumers fail to posses.
Furthermore, even if the consumer had such knowledge of appliance operation, this
solution requires that the appliance be placed in a state that might not be desired by the
consumer thereby creating a further problem that needs to be addressed (e.g., by requiring

the consumer to add further steps to a programmed macro). Accordingly, the need also
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exists for a system and method for controlling appliances that an average consumer can

easily use and which will ensure that the desired operations will be performed.

SUMMARY OF THE INVENTION

In accordance with these needs a controlling device is disclosed having
programming which ensures an appliance will be placed into a desired power state. To
this end, the controlling device transmits a query message to a power monitor associated
with the appliance to obtain the current power state of the appliance. If the current power
state does not correspond to the desired power state, the controlling device transmits a
command to the appliance to effect a change in the current power state of the appliance.
In this regard, if the appliance is responsive to discrete power commands, the controlling
device may transmit a discrete power command to effect the change in the current power
state (i.e., turn the device on or turn off) in the case where the current power state does
not match the desired power state. If the appliance is responsive to power toggle
commands, the power toggle command appropriate for the appliance is transmitted to
cause the appliance to change its current power state to the desired power state in the case
where the current power state does not match the desired power state. If the current
power state matches the desired power state, the controlling device inhibits the
transmission of a command to the appliance to effect a change in the current power state
of the appliance.

Also disclosed is a power strip having power monitoring functionality as well as
controlling functionality. More particularly, the power strip, i.e., a plurality of ganged
outlets adapted to receive appliance plugs, may operate to support power status reporting
as well as the issuing of commands to control functional operations of the appliances. For
example, the power strip may receive a command from a remote control (for example
transmitted via radio frequency or wired connection) and, in turn, issue a corresponding
command (for example transmitted via infrared) to one or more appliances to cause the
one or more appliances to perform a functional operation. As will be appreciated, this
ability for the power strip to command functional operations of the appliances will have
the advantage of allowing appliances that are responsive to infrared commands to be
placed in a location, such as behind the closed doors of a cabinet, etc., that would not
normally allow such appliances to be easily controlled by a user.

A better understanding of the objects, advantages, features, properties and

relationships of the invention will be obtained from the following detailed description and
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accompanying drawings which set forth an illustrative embodiment and which are

indicative of the various ways in which the principles of the invention may be employed.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention, reference may be had to a preferred
embodiment shown in the following drawings in which:

Figure 1 illustrates an exemplary system for providing a remote control with
appliance power awareness;

Figure 2 illustrates a block diagram schematic of an exemplary remote control of
the system of Figure 1;

Figure 3 illustrates a top view of the remote control of the system of Figure 1;

Figure 4 illustrates an exemplary table in which power state information is
maintained by the remote control of the system illustrated in Figure 1;

Figure 5 illustrates an exemplary method for setting up the table of Figure 4 to
enable the remote control of the system of Figure 1 to receive power state information;

Figure 6 illustrates an exemplary method for executing an update of the power
state information table of Figure 4;

Figure 7 illustrates an exemplary method for commanding multiple appliances
within the system of Figure 1 to be turned to the on state;

Figure 8 illustrates an exemplary method for commanding single appliances
within the system of Figure 1 to be turned to the on state;

Figure 9 illustrates a block diagram schematic of an exemplary power monitoring
unit of the system of Figure 1;

Figure 10 illustrates a schematic of an exemplary power monitoring module of the
power monitoring unit of Figure 9;

Figure 11 illustrates an exemplary method for setting up a power monitoring unit
of Figure 9 and for providing power state information to the remote control of the system
of Figure 1;

Figure 12 illustrates an exemplary transmission sequence between the power
monitoring units and the remote control of the system of Figure 1;

Figure 13 illustrates a further power monitoring unit in the form of a power strip;

Figure 14 illustrates a schematic diagram of the exemplary power monitoring unit

of Figure 13;
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Figure 15 illustrates the power strip of Figure 13 with the additional of infrared
transmitters in the form of infrared dongles;

Figure 16 illustrates a schematic diagram of an exemplary power strip having
power monitoring and control functionality;

Figure 17 illustrates a schematic diagram of a further exemplary power strip
having power monitoring and control functionality;

Figure 18 illustrates a flowchart of an exemplary method for using the power strip
of Fig. 16 to control operational functions of one or more appliances; and

Figure 19 illustrates a flowchart of an exemplary method for using the power strip

of Fig. 17 to control operational functions of one or more appliances.

DETAILED DESCRIPTION

Turning now to the figures, wherein like reference numerals refer to like elements,
there is illustrated in Fig. 1 a system for providing a remote control with appliance power
awareness. Generally, the system includes a remote control 10 capable of commanding
the operation of home appliances 12, such as television 12a and set-top box 12b. It will
be appreciated that the home appliances 12 can be of different types (such as, by way of
example only, televisions, VCRs, DVD players, set-top boxes, amplifiers, CD players,
game consoles, home lighting, drapery, etc.) manufactured by different manufacturers.
The home appliances 12 receive power from an electrical outlet 16 using an intermediate
power monitor unit 14 having a socket for receiving the plug of an appliance 12 and a
plug for insertion into a socket of the electrical outlet 16. As will be described.in greater
detail, the power monitor unit 14 bi-directionally communicates with the remote control
10 to provide the remote control 10 with awareness of the power state of a home
appliance 12. In this manner, the remote control 10 can consider the power state of the
home appliances when executing a macro or other commands.

For communicating with the consumer appliances 12 as well as the power monitor
units 14, the remote control 10 preferably includes a processor 24 coupled to a ROM
memory 26, a key matrix 28 (in the form of physical buttons, a touch screen, or the like),
an internal clock and timer 30, an IR (or RF) transmission circuit 32 (for sending signals
to a home appliance 12), an RF (or IR) bi-directional communications module 40 (for
sending and receiving signals from a power monitor unit 14), a non-volatile read/write
memory 34, a visible LED 36 (to provide visual feedback to the user of the remote
control 20), and a power supply 38 as illustrated in Fig. 2. As will be appreciated, the
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transmission circuit 32 and communications module 40 perform operations that could be
performed by a single device. Accordingly, the transmission circuit 32 and
communications module 40 need not be separate and distinct components.

The ROM memory 26 includes executable instructions that are intended to be
executed by the processor 24 to control the operation of the remote control 10. In this
mannet, the processor 24 may be programmed to control the various electronic
components within the remote control 10, e.g., to monitor the power supply 38, to cause
the transmission of signals, etc. Meanwhile, the non-volatile read/write memory 34, for
example an EEPROM, battery-backed up RAM, Smart Card, memory stick, or the like, is
provided to store user entered setup data and parameters as necessary. While the memory
26 is illustrated and described as a ROM memory, memory 26 can be comprised of any
type of readable media, such as ROM, RAM, SRAM, FLASH, EEPROM, or the like.
Preferably, the memory 26 is non-volatile or battery-backed such that data is not required
to be reloaded after battery changes. In addition, the memories 26 and 34 may take the
form of a chip, a hard disk, a magnetic disk, and/or an optical disk.

For commanding the operation of home appliances of different makes, models,
and types, the memory 26 also includes a command code library. The command code
library is comprised of a plurality of command codes that may be transmitted from the
remote control 10 for the purpose of controlling the operation of the home appliances 12.
The memory 26 also includes instructions which the processor 24 uses in connection with
the transmission circuit 32 to cause the command codes to be transmitted in a format
recognized by the target home appliance 12. Similarly, the memory 26 also includes
instructions which the processor 24 uses in connection with the communications module
40 to cause communications to be transmitted in a format recognized by the power
monitor units 14.

To identify home appliances 12 by type and make (and sometimes model) such
that the remote control 10 is adapted to transmit recognizable command codes in the
format appropriate for such identified home appliances 12, data may be entered into the
remote control 10. Since methods for setting up a remote control to control the operation
of specific home appliances is well-known, it will not be described in greater detail
herein. Nevertheless, for additional information pertaining to remote control setup, the
reader may turn to U.S. Patent Nos. 5,614,906 and 4,959,810 which are incorporated

herein by reference in their entirety.
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To cause the remote control 10 to perform an action, the remote control 10 is
adapted to be responsive to events, such as a sensed user interaction with one or more
keys on the key matrix 28. More specifically, in response to an event appropriate
instructions within the memory 26 are executed. For example, when a command key is
activated on the remote control 10, the remote control 10 may read the command code
corresponding to the activated command key from memory 26 and transmit the command
code to a home appliance 12 in a format recognizable by the home appliance 12, It will
be appreciated that the instructions within the memory 26 can be used not only to cause
the transmission of command codes to home appliances 12 but also to perform local
operations. While not limiting, local operations that may be performed by the remote
control 10 include favorite channel setup, macro button setup, command function key
relocation, etc. Since examples of local operations can be found in U.S. Patent Nos.
5,481,256, 5,959,751, 6,014,092, which are incorporated herein by reference in their
entirety, they will not be discussed in greater detail herein.

By way of further example, an exemplary remote control 10 is illustrated in Fig. 3.
While illustrated as a conventional hand-held remote control, the remote control can
include other dev'ices such as PDAs, personal computers, or the like. Accordingly, the
description that follows need not be limiting. As illustrated, the remote control 10
includes a "Setup" key 310, a "Power" key 320, "Device" keys 330 (for selecting the
mode of operation — i.e., the home appliance/device to control), "Numeric" keys 340
(corresponding to the digits 0-9), and a group of "Macro" keys 370 to which pre-
programmed or user programmable macros can be assigned. Additional, optional keys
may include a pair of keys 350 to command "All On" or "All Off" operations and/or a
pair of keys 360 to command "On" and "Off" operations for a currently selected device.
The operation of the special keys 350 and 360, which comprise a smart power feature,
will be described in greater detail in the paragraphs that follow. The remaining keys
illustrated in Fig. 3 perform conventional remote control functions that will be well
understood by those of ordinary skill in the art.

For monitoring power supplied to a home appliance 12 and, accordingly, the state
of the home appliance 12 (e.g., powered on or off/in standby mode), the power
monitoring unit 12 includes a current sensing device 50 as illustrated in Fig. 9. The
current sensing device 50 may be in the form of a transformer having a primary winding
52 which is inserted in the path of current flow going from the outlet 16 to the home

appliance 12. In this manner, the transformer secondary winding 54 will thus have a
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current flow which is representative of the current flow passing through the transformer
primary winding 52. In the illustrated current sensing device 50, a dropping resistor 56 is
inserted as a load to covert the secondary winding 54 current to a voltage. It will be
appreciated that other current sensing devices 50 for generating a signal representative of
the current being drawn by the home appliance 12 may be used such as, by way of
example only, any Hall Effect device.

For conditioning the signal generated by the current sensing device 50, the power
monitor unit 14 may also be provided with a signal conditioning circuit 56. For example,
the voltage drop across the resistor 56 can be sent though a signal conditioning circuit 56
comprised of an amplifier-rectifier 60/62 and a low-pass filter 64. In this manner, the AC
voltage representation of the AC load current can be transformed to a DC voltage signal
which can be interfaced to a processor 66 through an Analog-Digital (A/D) converter or
Voltage to Frequency Oscillator (VFO). Further examples of such circuitry can be seen
in "analog-digital CONVERSION HANDBOOK," Copyright 1972 & 1976 by Analog
Devices, Inc.; Second Edition, June, 1976 and "IC Op-Amp Cookbook," by Walter G.
Jung; 1974, 1980, and 1986 by Howard W. Sams & Co., A Division of Macmillan, Inc.;
Third Edition - Fourth Printing, 1988. pp. 252 and 253, which are incorporated herein by
reference in their entirety. The amplifier, rectifier and low pass filter are shown in greater
detail in Fig. 10. .

For powering the components of the power monitor unit 14, a voltage supply 72 is
provided. By way of example, the voltage supply 72 can be circuitry that converts the
AC voltage from the outlet 16 to a voltage level that can directly power the components
of the power monitor unit 14. Alternatively, the voltage supply 72 can be batteries. Still
further, the power monitor unit 14 may include a small non-volatile membry (such as an
EEPROM) to maintain setting through power failures, brown outs, etc.

The processor 66 has associated instructions for accepting the DC signal supplied
from the conditioning circuit 58 and for performing operations based on the value of the
signal. The processor 66 also has associated instructions which the processor 66 uses in
connection with an RF (or IR) module to cause communications to be transmitted in a
format recognized by the remote control 10. In this regard, RF transmissions can be
made using a custom-designed protocol operating in one of the frequency bands allocated
by national regulatory agencies for use in control and status monitoring, or alternatively
by a standardized conventional protocol such as Bluetooth, etc., using off-the-shelf

components. The construction and operation of such RF transceivers is well know in the
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art. Instructions may also be provided for allowing the power monitor unit 14 to provide
status information to a consumer by means of, for example, one or more LEDs 70, a
display, etc. Once the power monitor unit is initialized, the power monitor unit enters a
loop wherein it continually searches for one of at least two events, namely, activation of a
user setup switch or receipt of a status enquiry message from the remote control 10.

To configure the power monitor unit 14 for use in the system, illustrated in Fig.
11, the power monitor unit 14 is set to recognize the "standby/off" and “on" load currents
for the home appliance 12 associated with the power monitor unit 14. To thisend, a
consumer would place the appliance 12 to be monitored in the standby state and instruct
the power monitor unit 14 to capture a signal representative of the current flow of the
home appliance 12 in this standby state. The instruction to capture a signal representative
of the standby current flow of the home appliance 12 can be entered by activation of a
setup switch 74. In response to this instruction, the processor 66 monitors the DC voltage
signal from the conditioning circuitry 58 and stores this voltage signal as the
representation of the standby current flow.

To setup the power monitor unit 14 to recognize the appliance on current flow, a
consumer would place the appliance 12 to be monitored in the on state and instruct the
power monitor unit 14 to capture a representation of the resulting current flow. The
instruction to capture a representation of the on current flow can be entered by, for
example, a second activation of the setup switch 74. In response to this instruction, the
processor 66 monitors the DC voltage signal from the conditioning circuitry 58 and stores
this voltage signal as the representation of the on current flow. A threshold value may
then be determined as the average of the on and off current flow representation values. It
will be appreciated that these setup procedures can be timed to prevent the power monitor
unit 14 from being locked in the setup mode of operation. It will be further appreciated
that the setup procedure can be performed by the power monitor unit prompting the user
to place the appliance in a given state and automatically monitoring the resulting current
flow.

For use in establishing an address for the power monitor unit 14, which address is
used to facilitate communications with the remote control 10, address setting device 76 is
provided and accessible by the processor 66. The address setting device 76 may include
dip switches, jumpers, means for keying in an address, or the like. In the case of dip
switches or jumpers, the address setting device would be used to set a bit pattern that

would serve as the address (e.g., three switches would allow the power monitor 14 to be
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set to one of eight unique addresses). Preferably, the address setting device 76 is
accessible to the consumer although the address setting device can be factory preset.
Additionally, extra switches 76 may be provided in cases where it is desired to set a
unique system address to allow multiple remote controllers 10 to operate independently in
the same vicinity.

During the operation of the systerﬁ, the power monitor units 14 are used to
provide the remote control 10 with awareness of the current power state (i.e., on or off) of
the one or more home appliances 12 the remote control 10 is setup to control. The remote
control 10 may maintain the current power state of the home appliances 12 in a table 400,
illustrated in Fig. 4, for further use in a manner to be described hereinafter. As illustrated
in Fig. 4, the table 400 may maintain data for each device mode supported by the remote
control 10. In the exemplary case, since the illustrated remote control includes eight
device mode keys 330 the table 400 has eight data field rows 410. For each device mode
420 data may be maintained that is indicative of: 1) an ID (430) assigned to the power
monitor 14 associated with the device 12 to be controlled in the given device mode; 2) a
status of the device setup (440) within the remote control for the given device mode; and
3) a power status (450) for the device 12 as reported by its associated power monitor unit
14, '

More specifically, the data field (430) maintains the unit address number that
corresponds to the user-set address of the power monitor unit 14 associated with the
device to be controlled in the given device mode. For example, in the illustrative table of
Fig. 4, the remote control has been setup to control an appliance in the VCR device mode
which has been indicated to be plugged into a power monitor unit 14 having an address of
"3" and to control an appliance in the TV device mode which has been indicated to be
plugged into a power monitor unit 14 having an address of "0." It is to be understood that
not all of the appliances 12 that the remote control 10 may control need a power monitor
unit 14 and, in the case where an appliance in a given device mode is indicated to be
operating without a power monitor unit 14, the table 400 would maintain an entry of
"none." Preferably the table 400 is initialized when the remote control is first placed in
service such that "none" is maintained in the data field 430 for each device mode 420
until such time as the device mode is, in fact, setup to indicate an address for a power
monitor unit.

To set the data in the ID data field 430 for a device mode 420, the user may

perform the method generally illustrated in Fig, 5. By way of example, a user might enter
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a general setup mode (e.g., by activating the "Setup" key 310) followed by an indication
to the remote control that the user specifically desires to setup the power module unit ID
field of the table 400 (e.g., by entering a predetermined key sequence using the numeric
keys 340, such as "979"). At this time the user may indicate to the remote control 10 the
device mode of interest and the ID number of the power monitor unit associated with the
appliance to be controlled in the given device mode (e.g., by hitting the appropriate
"Device" key 330 and by hitting the numeric key 340 indicative of the address of the
associated power monitor unit). The user could then indicate a desire to exit the setup
mode (e.g., by again hitting the "Setup" key 310) at which time the indicated ID number
would be stored in the data field 430 for the indicated device 420. This process can be
repeated as often as needed to define the ID number of the power monitor unit for each
device mode. This procedure may also be timed to prevent the remote control 10 from
being locked in a setup mode. By way of an illustrative example, to setup the remote
control such that the table 400 illustrated in Fig. 4 results, the user might hit the "Setup"”
key, enter the setup code "979," and active the following keys: TV-0-AMP-2-VCR-3-CD-
1-AUX-4. The setup mode would be exited by again hitting the "Setup" key.

Further maintained with the table 400 in data field 440 is data indicative of
whether an appliance to be controlled in a given device mode has, in fact, been setup by a
user. Setup in this context is with reference to the initial input by the user to identify the
specific brand/model of home appliance to be controlled when the corresponding
"Device" button 330 is activated (See for example U.S. Patent Nos. 5,614,906 and
4,959,810). If no device setup has been performed for a given device mode the data field
440 for that device maintains data indicative of this fact, e. g., it maintains data
representative of a state "No." Preferably, upon initialization of the remote control 10, all
of the data fields 440 are provided with a default value of "No" until such time as the
device mode is setup. When a data field 440 indicates that a device mode has not been
setup it may be assumed that the user does not have a home appliance to be controlled in
this device mode and, as such, this device mode can be skipped during processing of an
"All On" or "All Off" command which is described hereinafter.

A still further data field 450 within the data table 400 holds the current power
status (i.e., "on" or "off") of a device as reported by its associated power monitor unit 14.
If a device is not equipped with a power monitor unit 14 (i.e., the ID data field 430 has
data indicative of "none") the data field 450 preferably maintains data indicating the

appliance is in an "unknown" state. Likewise, if communications with the associated
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power monitor 14 have failed, the data field 450 again maintains data indicative of an
"unknown" state.

To poll the one or more power monitor units 14 to gather the current power status,
the remote control 10 issues a broadcast status enquiry message, as illustrated in Fig. 6,
via its RF module 40. The power module units 14 respond to the status enquiry message
by transmitting a status response message having data indicative of the status of the
device associated with the respective power monitor unit 14. Preferably the status
response messages from the one or more power monitor units 14 are transmitted in an
orderly fashion to avoid collisions at the remote control 10. Upon receiving a status
response message from a power monitor unit 14, received via the RF module 40, the
remote control 10 strips the data from the status response message (i.e., the address of the
responding power monitor unit 14 and the state of the device 12 associated with that
power monitor unit 14) and updates the appropriate status data field 450 in the data table
400 to reflect the received status information. In the case where no response is received
from a power monitor unit 14 or an invalid/untimely response is received, the power
status of the data field corresponding to the missing or failed power monitor unit 14 is
preferably set to "unknown."

In responding to the status enquiry message received at the power monitor unit 14,
the power monitor unit 14 measures the power draw of its associated home appliance as
illustrated in Fig. 11. The measured power draw is then compared to the previously
established threshold value. If the measured power draw is above the established
threshold value, the status of the home appliance 12 is determined to be "on." If,
however, the measured power draw is not above the established threshold value, the
status of the home appliance 12 is determined to be "off."

The determined status is returned to the remote control 10 as data in the status
reply message. The status reply message also includes data that functions to identify the
power monitor unit 14 transmitting the status reply message. Preferably this data is the
address of the power monitor unit 14 which the power monitor unit 14 retrieves by
reading the switches 76.

To prevent the collision of status reply messages at the remote control 10, each
power monitor unit 14 may wait an unique time period before transmitting its reply
message. By way of example, a power monitor unit 14 may wait a time equal to 20
milliseconds plus 100 milliseconds times its address number before transmitting the reply

message. Using a pre-transmit delay based on the unit address number in this manner
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results in each monitor 14 transmitting its status response in a sequential, predetermined
manner (starting with unit 0 and ending with unit 7) as illustrated in Fig. 12. This further
provides an additional level of error checking capability to the receiving remote control
since each monitor unit 14 has a predetermined time window during which the remote
control may expect to receive a reply transmission. Accordingly, receipt of a message
outside of this time window would be indicative of an error condition resulting in the
indication of an "unknown" state in the table 400 for the device associated with the power
monitor unit 14 that is late with its transmission. It will be appreciated that in alternative
embodiments where a standardized conventional networking protocol such as the
previously mentioned Bluetooth, etc. is employed, other built-in error checking methods
and arrangements for ensuring an orderly sequence of transmissions may be provided
through utilization of such a standard protocol.

The polling of the power monitor units 14 may be initiated in response to the user
activating one of the special power keys, one of the macro keys, in response to activation
of a given setup mode, at timed intervals, etc. without limitation For example, when the
"All On" key is activated, the remote control transmits the status enquiry message and
retrieves the power status of the devices from the power monitor units 14 as described
above. Once the table 400 has been updated with the status of the devices, as illustrated
in Fig. 7, the remote control 10 performs processing to command each device that has
been identified to the remote control (i.e., setup) and which has a functioning power
monitor unit 14 (i.e., a power status monitor address was setup in the remote control and
the power status monitor has reported a current status) to enter the "On" state. In this
regard, the transmission of the appropriate command signals to the appliances 12 (if
necessary) may be performed in a sequential order following the order in which the
devices are maintained within the table 400. Within this sequential order, if a device
mode has not been setup by the user (indicated by a "no" in the data field 440 for that
device) this device mode will be skipped during the procedure.

More specifically, to initiate an "All On" procedure, for each device mode that has
been setup, it is determined if a specific device supports explicit "On" and "Off"
commands. This is determined by reference the command code library for the specified
device using conventional look-up techniques. If the device supports these explicit
commands, the remote control 10 merely transmits the explicit "On" command for that
device to place the device in the "On" state and the procedure continues with the next
device (if any).

13



10

15

20

25

30

WO 2006/101683 PCT/US2006/007138

If the device does not support explicit commands (i.e., it supports a power toggle
command), the current status of the device is retrieved from the power status field 450 of
the data table 400. If the status is indicated to be "Unknown" or "On," no further
processing for this device is performed and the procedure moves to the next device (if
any). If, however, the status is indicated to be "Off" in the power status field 450, the
power toggle command for that device is transmitted for the purpose of causing the
device to enter the "On" state. In this manner, activation of the "All On" key avoids the
inadvertent placing of a home appliance in an unwanted "Off" state.

In a similar fashion, activation of the "All Off" key avoids the inadvertent placing
of a home appliance in an unwanted "On" state. In this regard, activation of the "All Off"
key causes the transmission of an explicit "Off" command, the transmission of a power
toggle command, or no action in accordance with the logic set forth above with respect to
the "All On" procedure.

Still further, the table 400 can be updated and the data contained therein
considered in the performance of the steps assigned to a programmed Macro key or in
response to activation of the single unit power keys 360. Again, a transmission of a status
enquiry message and the updating of the table 400 can be performed in response to
activation of these keys. The processing in response to activation of these keys would be
performed in the same manner described above with respect to the "All On"/"All Off"
procedures excepting that it would be performed on an individual device basis as
illustrated in Fig. 8.

By way of specific example, assuming a Macro key was programmed to turn the
VCR device on, turn the TV device on, and tune the TV device to channel 3, activation of
the Macro key would result in the updating of the table 400 (in the manner described
above) and the processing of the macro command steps as follows (assuming the table
400 indicates that the VCR and TV devices were setup and the addresses of their
respective power monitor units were also setup):

For each of the VCR and TV devices:

It is determined if the device supports explicit "On" and "Off" commands.

If the device supports these explicit commands, the remote control 10
merely transmits the explicit "On" command for the device and the macro

continues to the next step.
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If the device does not support explicit commands (i.e., it supports a power
toggle command), the current status of the device is retrieved from the power

status field 450 of the data table 400.

If the status is indicated to be "Unknown" or "On," no further processing
for the device is performed and the macro moves to the next step (if any).

If, however, the status is indicated to be "Off," the power toggle command
for the device is transmitted for the purpose of causing the device to enter the

"On" state and the next step in the macro chain is executed (if any).

In this manner, the remote control 10 ensures that execution of a macro or the single
power on key will not place an appliance in an undesired state.

In an alternative exemplary embodiment, it is contemplated that several current
monitor modules 990 may be combined with a single microprocessor and RF transceiver
980 into a smart power strip 900 for use in an entertainment center, as illustrated in Figs.
13 and 14. In this case, the method of operation and the processing logic is essentially the
same as described previously excepting that, in this case, upon receipt of a power status
query from the remote control 10 the microprocessor 66 will poll each power outlet and
transmit a corresponding number of sequential status reply messages to the remote control
10. Each power outlet in the strip 900 can be assigned a unique address by the user or the
user can set one number for the power strip which causes the outlets to be automatically
assigned sequential addresses starting with the user set number. This approach allows
power strips 900 and individual monitor modules 14 to be intermixed transparently to the
remote control logic. Still further, it will be appreciated that a single power monitor
module 990 could be switched between multiple power outlets using triacs or similar
power switching apparatus under control of the microprocessor 66.

For controlling operational functions of one or more appliances, the power
monitor, illustrated in the form of a power strip 900, may be provided with one or more
command transmitters 1500. In the examples illustrated in Figs. 15-17, the command
transmitters are in the form of IR dongles, i.e., IR emitting LEDs attached to a length of
flexible cable, which allows the IR emitting LEDs to be easily positioned in front of an IR
receiver of an appliance to be controlled. It will be appreciated that, while a single, well
positioned IR emitting LED or group of LEDs may be utilized to command the operation
of a plurality of appliances, it is preferred that a plurality of IR emitting LEDs be
provided in a manner which allows individual IR emitting LEDs to be positioned in front

of a corresponding IR receiver of a device to be controlled. In a preferred embodiment,
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the power strip 900 will cause each command transmitter 1500 to simultaneously transmit
the same IR command. Nevertheless, it will be appreciated that logic may be provided to
allow for the transmitting of commands by a predetermined one or more of the command
transmitters 1500, which may prove to be advantageous when it is desired to control
operational functions of one of a plurality of appliances that may respond to commands
transmitted using the same protocol. It is also to be appreciated that, while illustrated as
having an equal number of power outlets and command transmitters 1500, the power strip
900 can be constructed to support the control of more or less appliances than there are
power outlets provided to the power strip 900.

In a first exemplary embodiment of the power strip 900, illustrated in Fig. 16, the
command transmitters 1500 of the power strip 900 are under the direct control of the
microprocessor 66. In this example, the microprocessor 66 may function to support both
the power status reporting, as described above, as well as command transmissions. More
particularly, as illustrated in Fig. 18, the remote control 10 would issue a command, in a
predetermined format, via the RF link for reception by the RF transceiver 68 of the power
strip 900. The RF transceiver 68 decodes the received command(s) and forwards the
decoded command to the microprocessor 66 for processing. In addition, the command

transmitted by the remote control 10 may include an address which functions to designate

the power strip 900 that is to act upon the command. In this case, the microprocessor 66

would check the address included as part of the transmitted command before processing
the command further, e.g., using the command received from the remote control 10 to
cause one or more of the command transmitters 1500 to transmit a command
corresponding to the received command to one or more appliances or to return to the
remote control 10 a requested power status. While illustrated as having a single
microprocessor 68, it will be appreciated that the power strip 900 may be provided with
multiple microcontrollers in which various ones of the multiple microcontrollers handle
certain of the tasks, e.g., power sensing functions, decoding of the received data packets,
IR controller, etc. It will also be appreciated that wired transmissions may be utilized in
addition to or in lieu of the RF transmissions described herewithin.

The communication exchange between the remote control 10 and the power strip
900 may utilize an abstract command language formatted into data packets such as
described in U.S. Patent No. 6,859,197. Still further, the communication exchange
between the remote control 10 and the power strip 900 may take a parametric form such

as described in U.S. Published Patent Application No. 2003/0087616. In either case,
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when the data received is a command to control the functional operation of an appliance,
the microprocessor 68 will include programming for converting the received command
into an IR command that is appropriate for controlling the functional operation of the
intended target appliance. To this end, the power strip 900 preferably includes an IR
command code library and the power strip 900 is preferably setup or configured such that
the programming within the power strip 900 will select certain of the IR command codes
from the IR command code library for transmission to the appliance(s) as a function of
the command codes which may be received from the remote control 10. Thus, to identify
to the power strip 900 which IR command codes should be utilized to control operational
functions of appliances, the type and make (and sometimes model) of the appliances to be
controlled by the power strip 900 may be provided to the power strip 900, either directly
via a keypad, switches, etc. provided on power strip 900 for that purpose or indirectly by
entering parameters or keystrokes into remote control 10 for transmission to power strip
900 while in a setup mode, i.e. using remote control 10 as a surrogate keypad for entry of
parameters into power strip microprocessor 66. Alternatively, the IR codes for the
devices to be controlled may be initially configured and tested on remote control 10 itself
and subsequently communicated to power strip 900 in a manner similar to that described
in U.S. Patent No. 6,650,247 "System and Method for Configuring a Home Appliance
Communications Network," hereby incorporated by reference in its entirety. In yet
another alternative, power strip 900 may be configured to step through its library of
available IR command codes while monitoring the power status of connected devices to
detect a response to a particular code, in a manner similar to that described in before
referenced U.S. Application Serial No. 10/758,820. Generally, since methods for setting
up a controlling device to control the operation of specific home appliances are well-
known, the methods available for setting up the power strip 900 to issue appropriate IR
commands to the appliances (as well as the remote control 10 to transmit RF commands)
need not be discussed in further detail herein.

As noted above, in response to the receipt of a command to cause an appliance to
perform a functional operation, the power strip 900 may cause each of the command
transmitters 1500 to transmit the same command. It is contemplated, however, that the
power strip 900 may have programming that discerns an intended target appliance(s) to
which a command is to be issued and, in turn, causes the appropriate command
transmitters 1500 to transmit the designated command(s). To this end, the appliance that

is to perform a commanded operation may be inferred from the type of functional
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operation that is to be performed. Furthermore, the appliance that is to perform a
commanded operation may be discerned from a target identifier included as part of the
command transmitted from the remote control 10. In such a case, the power strip 10 may
be setup or configured such that certain of the command transmitting dongles are
assigned to certain of the appliances to be controlled and the user would need to ensure
that the dongles are positioned correctly with respect to their assigned appliances. To aid
in this positioning, the dongles may be color coded along with the power outlets into
which the appliances are to be plugged into, may be individually positioned next to the
power outlets into which appliances are to be plugged into, etc.

In a still further exemplary embodiment, illustrated in Figs. 17 and 19, the remote
control 10 may simply modulate the analog representation of the signals to be transmitted,
€.g., power status or appliance commands, onto an RF carrier which is subsequently
demodulated at the RF receiver 68 of the power strip 900, such as described in U.S.
Patent No. 5,142,397. More particularly, the RF receiver 68 may retransmit the received
RF signal as an IR signal by means of the command transmitters 1500 while also
forwarding a signal represented of the demodulated, received RF signal to the
microcontroller 66 where the microcontroller 66 may decode the signal using well-known
techniques and algorithms such as those employed within conventional consumer
appliances for IR remote control decoding. It will also be appreciated that the RF
receiver 68 may include a further demodulating stage to provide a signal to the
microcontroller 66 which is typical of the output of a conventional IR detector used in
consumer appliances. If the signal is indicative of a request for power status information,
the microcontroller 66 will respond appropriately to return the requested status
information to the remote control 10. In this illustrated embodiment, since all signals
transmitted by the remote control 10 are received, decoded, and forwarded to the
command transmitters 1500, it is preferred that the signal format for the power status
request be selected by a skilled practitioner of the art so as to avoid interference with the
operation of any of the appliances to be controlled. Alternatively, all received signals
may be forwarded to the microcontroller 66 whereupon the microcontroller will enable
the retransmission of the received signal by means of the command transmitters 1500
only when the microcontroller determines that the received signal is not a request for
power status information.

It will be further appreciated that the power strip 900 may also internally maintain

the power status of the various appliances and use this status to perform smart command
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transmissions. To this end, the power strip 900 may maintain within its memory the
current power state of the appliances (or determine the current power states in near real
time as needed) and the remote control 10 may transmit to the power strip 900 macro
command sequences in their entirety. It would then be the responsibility of the power
strip 900 to determine if, in response to a received macro command sequence, whether a
command within the sequence should be executed in order to place the appliance(s) in
their intended state(s). Power strip 900 and associated command transmitters1500 may
also be configured to facilitate two-way communication between the appliances 12 and
power strip 900. In this way appliances 12 which support two-way communication (e.g.,
via the XMP protocol or other two way communication protocol) may report additional
state and command information to power strip 900 to accomplish a variety of additional
functions and features. To this end, the power strip 900 and the remote control 10 may be
configured according to the teachings set forth in U.S. Application No. 10/603,839 and
U.S. Application No. 10/665,650.

It will be understood that the particular arrangements and procedures disclosed
within this document are meant to be illustrative only and not limiting. For example,
although shown in the illustrative embodiment as components of a single physical power
strip device 900, it will be understood that the three major elements of the control and
monitoring system, i.e., power status sensing, IR command capability, and RF
transception may be provided individually or in various separate physical combinations
without departing from the spirit of the invention. For example a control device pod in a
networked system such as that contemplated in U.S. Application No. 10/978,860 "Home
Appliance Control System and Methods in a Networked Environment," hereby
incorporated by reference in its entirety, may include networked RF communication to a
remote control together with IR command capability. In this instance the full
functionality of the instant invention may be realized by providing a separate accessory
unit for connection to said control device pod and comprising power status sensing
capability only. Furthermore, while the illustrative embodiments employ AC power line
current sensing circuitry to ascertain the power status of the various appliances to be
controlled, it will be appreciated that other available methods may be used with equal
success, for example measurement of audio or video signals present on outputs of the
appliances, presence or absence of power on switched auxiliary AC convenience outlets
provided on the appliances, etc.; and that any or all of these methods may be intermixed

in a single system as appropriate.

19



WO 2006/101683 PCT/US2006/007138

From the foregoing, it will be appreciated that the scope of the invention is not to
be limited to the various embodiments described but is to be given the full breadth of the
appended claims and any equivalents thereof.

All patents and patent applications cited within this document are hereby

5  incorporated by reference in their entirety.
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CLAIMS

What is claimed is:
1. A method for controlling an appliance, comprising:

receiving at a power monitor associated with the appliance which is adapted to
determine a power state of the appliance a transmission from a controlling device;

if the transmission comprises a request for a power state of the appliance,
transmitting from the power monitor to the controlling device the determined power state
of the appliance; and

if the transmission comprises a controlling device issued command to control an
operational function of the appliance, using the controlling device issued command at the
power monitor to cause the power monitor to transmit to the appliance a power monitor
issued command to control the operational function of the appliance specified by the

controlling device issued command.

2. The method as recited in claim 1, wherein the transmission from the controlling device

to the power monitor comprises an RF transmission.

3. The method as recited in claim 2, wherein the transmission from the controlling device

to the appliance comprises an IR transmission.

4. The method as recited in claim 1, comprising accepting input into the power monitor
to configure the power monitor to communicate the power monitor issued command to
the appliance.

5. The method as recited in claim 4, wherein the input comprises a transmission received

- from the controlling device that comprises data that functions to identify the appliance.

6. The method as recited in claim 4, wherein the input comprises a sensed change in state

of the appliance.

7. The method as recited in claim 6, wherein the power monitor transmits power monitor

issued commands to the appliance for the purpose of changing the state of the appliance.

8. The method as recited in claim 1, wherein the transmission received from the

controlling device comprises an abstract command language transmission.
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9. A system for controlling an appliance, comprising:

a controlling device; and

a power monitor associated with the appliance for determining a current power
state of the appliance having a first communication module for bi-directionally
communicating with the controlling device and a second communication module for
transmitting communications to the appliance;

wherein the power monitor has programming for using a transmission received by
means of the first communication module to cause the second communication module to
transmit a communication to the appliance and programming for using a transmission
received by means of the first communication module to return to the controlling device

by means of the first communication module a power state of the appliance.

10. The system as recited in claim 9, wherein the first communication module comprises

an RF transceiver.

11. The system as recited in claim 10, wherein the second communication module

comprises an IR transmitter.

12. The system as recited in claim 11, wherein the programming functions to convert RF
transmissions received from the controlling device directly into IR communications for

transmission to the appliance.

13. The system as recited in claim 11, wherein the programming functions to select IR
communications for transmission to the appliance as a function of RF transmissions

received from the controlling device.

14. The system as recited in claim 9, wherein a predetermined transmission received by
means of the first communication module causes the power monitor to return to the
controlling device by means of the first communication module the power state of the

appliance.

15. The system as recited in claim 14, wherein, upon receipt of the predetermined
transmission by the power monitor, the programming inhibits the second communication

module from transmitting a communication to the appliance.
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16. The system as recited in claim 9, wherein communications are transmitted to the

appliance by means of an IR dongle associated with the power monitor.

17. The system as recited in claim 9, wherein the power monitor comprises a component

part of a power strip.

18. The system as recited in claim 9, wherein the power monitor is responsive to input

used to configure the power monitor to communicate with the appliance.

19. The system as recited in claim 18, wherein the input comprises a transmission
received from the controlling device that comprises data that functions to identify the

appliance.

20. The system as recited in claim 18, wherein the input comprises a sensed change in

state of the appliance.

21. The system as recited in claim 20, wherein the power monitor transmits

communications to the appliance for the purpose of changing the state of the appliance.

22. The system as recited in claim 9, wherein the power monitor comprises circuitry for

determining a current power state of the appliance.

23. The system as recited in claim 22, wherein a first component of the power monitor
houses the circuitry for determining a current power state of the appliance and a second
component of the power monitor houses the first communication module for bi-
directionally communicating with the controlling device and the second communication
module for transmitting communications to the appliance and wherein the first and

second components of the power monitor are adapted to bi-directionally communicate.

24. The system as recited in claim 23, wherein the first component of the power monitor

is separate from the second component of the power monitor.
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