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APPLIANCE NETWORK CONNECTIVITY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a non-provisional of
copending U.S. Provisional Patent Application Ser. No.
61/419,214, filed on Dec. 2, 2010. The entire contents U.S.
Patent Application Ser. No. 61/419,214 is herein incorporated
by reference.

INTRODUCTION

[0002] Recently, smart electrical power grid technology
has been rapidly developing. The term “smart grid” as used
herein refers to a modernization of the electrical power deliv-
ery system to implement various functions, such as monitor-
ing and protecting as well as to automatically optimize the
operation of interconnected devices. Smart grid technology
can be implemented anywhere in the electrical power delivery
systems, such as from the central and distributed generator
through the high-voltage transmission and distribution sys-
tem. Also, smart grid technology can be implemented in
building automation systems, energy storage installations,
and in end-user industrial and residential customer facilities.
[0003] Smartgridtechnology generally includes a two-way
flow of electrical signals that includes information and power
that is used to create an automated, widely distributed energy
delivery system. One important aspect of the smart grid is the
capability to monitor energy usage of individual appliances,
devices, and industrial machinery. Another aspect of the
smart grid is demand response, which is the ability to manage
consumption in response to pricing spikes or requests from
utilities to reduce peak demand. Additionally, manufacturers
of appliances, devices, and machines can use the same smart
grid technology for energy monitoring, demand response,
and diagnostics. In addition, end users can deploy smart grid
technology for energy monitoring, demand response, and
remote operations, such as powering off and on.

[0004] Utility companies are increasingly providing incen-
tives for business and residential customers to reduce energy
use during peak demand periods or when power reliability is
atrisk. One important application of smart grid technology is
distributed systems and communication systems that deliver
real-time information and enable near-instantaneous balance
of supply and demand at the device level. Similarly studies
have shown that energy usage feedback can motivate con-
sumers to reduce consumption.

[0005] Itishighly desirableto facilitate the implementation
of smart grid technology in appliances in homes, offices,
government, and other public buildings, and factories in order
to monitor energy usage, perform diagnostics, demand
response, and to perform remote operations such as powering
on and off.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The present teaching, in accordance with preferred
and exemplary embodiments, together with further advan-
tages thereof, is more particularly described in the following
detailed description, taken in conjunction with the accompa-
nying drawings. The skilled person in the art will understand
that the drawings, described below, are for illustration pur-
poses only. The drawings are not necessarily to scale, empha-
sis instead generally being placed upon illustrating principles
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of the teaching. The drawings are not intended to limit the
scope of the Applicant’s teaching in any way.

[0007] FIG. 1A is an illustration of one embodiment of an
appliance network connectivity apparatus according to the
present teaching that includes a plug adapter that is electri-
cally connected between an appliance and an electrical power
outlet and that communicates via a wireless network.

[0008] FIG. 1B is an illustration of another embodiment of
an appliance network connectivity apparatus according to the
present teaching that includes a hardwired adaptor that is
electrically connected between an appliance and an electrical
power outlet and that communicates via a wireless network.
[0009] FIG. 1C is an illustration of another embodiment of
an appliance network connectivity apparatus according to the
present teaching that includes a multiple plug adapter that is
electrically connected between an appliance and an electrical
power outlet and that communicates via a wireless network.
[0010] FIG. 1D is an illustration of another embodiment of
an appliance network connectivity apparatus according to the
present teaching that includes multiple plug adapters that are
each electrically connected between an appliance and an elec-
trical power outlet and that communicates via a wireless
network.

[0011] FIG. 2A is a schematic block diagram of an appli-
ance network connectivity apparatus according to the present
teaching that includes a wireless network interface.

[0012] FIG. 2B is a schematic block diagram of an appli-
ance network connectivity apparatus for connecting multiple
appliances to a wireless network according to the present
teaching.

DESCRIPTION OF VARIOUS EMBODIMENTS

[0013] Reference in the specification to “one embodiment”
or “an embodiment” means that a particular feature, structure,
or characteristic described in connection with the embodi-
ment is included in at least one embodiment of the teaching.
The appearances of the phrase “in one embodiment” in vari-
ous places in the specification are not necessarily all referring
to the same embodiment.

[0014] It should be understood that the individual steps of
the methods of the present teachings may be performed in any
order and/or simultaneously as long as the teaching remains
operable. Furthermore, it should be understood that the appa-
ratus and methods of the present teachings can include any
number or all of the described embodiments as long as the
teaching remains operable.

[0015] The present teaching will now be described in more
detail with reference to exemplary embodiments thereof as
shown in the accompanying drawings. While the present
teachings are described in conjunction with various embodi-
ments and examples, it is not intended that the present teach-
ings be limited to such embodiments. On the contrary, the
present teachings encompass various alternatives, modifica-
tions and equivalents, as will be appreciated by those of skill
inthe art. Those of ordinary skill in the art having access to the
teaching herein will recognize additional implementations,
modifications, and embodiments, as well as other fields of
use, which are within the scope of the present disclosure as
described herein.

[0016] The present teaching relates to methods and appa-
ratus for facilitating smart grid technology. One aspect of the
present teaching relates to methods and apparatus for moni-
toring and controlling one or more appliances in homes,
businesses (including government businesses and other pub-
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lic buildings), and factories. Many future appliances will have
hardware and software that allows them to be connected to
smart grid technology. However, the vast majority of installed
industrial and consumer appliances do not have the hardware
and software necessary to be connected to smart grid tech-
nology. Some of the methods and apparatus of the present
teaching relate to retrofitting existing appliances for smart
grid technology.

[0017] The term “appliance” as used herein refers to
numerous types of electrically powered equipment that one
skilled in the art would normally consider to be an appliance,
such as consumer home appliances like refrigerators, wash-
ers, dryers, water heaters, air conditioners, and consumer
electronic devices, such as computers, televisions, audio
equipment. In addition, the term “appliance” as used herein
refers to any device that consumes electrical power and that
can be connected to an electrical power delivery system in any
manner. In particular, the term “appliance” as used herein
refers to numerous types of industrial machinery.

[0018] The term “network” as used herein refers to numer-
ous types of communication networks that one skilled in the
art would normally consider to be a collection of devices
interconnected by communication channels which enable
access to resources and information. Some aspects of the
present teachings are described in conjunction with a wireless
network. It should be understood that any type of wireless
network can be used such as wireless RF and free space
optical networks. In addition, it should be understood, that
many of the teachings of the present invention also apply to an
entirely hardwired electrical and optical network.

[0019] FIG. 1A is an illustration of one embodiment of an
appliance network connectivity apparatus 100 according to
the present teaching that includes a plug adapter 102 that is
electrically connected between an appliance 104 and an elec-
trical power outlet 106 and that communicates via a wireless
network 108. Some aspects of the present teachings are
described in conjunction with the wireless network 108 pro-
viding access to the internet. It should be understood that the
wireless network 108 can provide access to various network
topologies including, but not limited to, a local area network
(LAN), a wide area network (WAN), a campus area network
(CAN), a metropolitan area network (MAN), and the internet.
The plug adapter 102 includes a female power receptacle 110
that is designed to receive a male power cord plug 112 that
powers the appliance 104. The plug adapter 102 also includes
a male power cord 114 that is designed to plug into a power
cord female receptacle 116 of the electrical outlet 106. One
skilled in the art will appreciate that the power cord plugs
described herein can be any type of plug (standard or custom),
such as standard 110V and 220V plugs single-phase and
three-phase that are widely used in North America. In addi-
tion, the plug adaptor 102 also includes a wireless interface
that communicates with the wireless network 108 via a rout-
ing and/or switching device 118.

[0020] FIG. 1B is an illustration of another embodiment of
an appliance network connectivity apparatus 130 according
to the present teaching that includes a hardwired adaptor 132
that is electrically connected between an appliance 134 and
an electrical power outlet 136 and that communicates via a
wireless network 138 through a routing and/or switching
device 139. The appliance network connectivity apparatus
130 is similarto the appliance network connectivity apparatus
100 that was described in connection with FIG. 1A except that
the hardwired adaptor 132 does not include a female recep-
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tacle that is designed to receive a male power cord plug that
powers the appliance 134. Instead, the hardwired adaptor 132
electrically connects the appliance 134 to the male power
cord 140 that plugs into the female receptacle 142 of the
electrical outlet 136. This embodiment of the appliance net-
work connectivity apparatus 130 is useful for many applica-
tions where appliances, such as industrial or stationary equip-
ment, are hardwired. For example, many three-phase
powered industrial appliances are hardwired. This embodi-
ment of the appliance network connectivity apparatus 130
may also include applications whereby the hardwired adaptor
132 is completely enclosed within the structure of the appli-
ance.

[0021] FIG. 1C is an illustration of another embodiment of
an appliance network connectivity apparatus 160 according
to the present teaching that includes a multiple plug adapter
162 that is electrically connected between multiple appli-
ances 164 and an electrical power outlet 166 and that com-
municates via a wireless network 168 through a routing and/
or switching device 169. The appliance network connectivity
apparatus 160 is similar to the appliance network connectivity
apparatus 100 that was described in connection with FIG. 1A.
However, the appliance network connectivity apparatus 160
is a single appliance network connectivity apparatus that can
support multiple appliances.

[0022] The plug adapter 162 includes multiple female
power receptacles 170 that are designed to receive multiple
male power cord plugs 172 that power each of the multiple
appliances 164. The plug adapter 162 also includes a male
power cord 174 that is designed to plug into a female power
receptacle 176 of the electrical outlet 166. One skilled in the
art will appreciate that the plug adapter 162 can also be
hardwired into an electrical power source.

[0023] FIG. 1D is an illustration of another embodiment of
an appliance network connectivity apparatus 180 according
to the present teaching that includes multiple plug adapters
182', 182" that are each electrically connected between appli-
ances 184', 184" and electrical power outlets 186', 186" that
each communicates via a wireless network 188 enabling
communication with each other. The appliance network con-
nectivity apparatus 180 is similar to the appliance network
connectivity apparatus 100 described in connection with FIG.
1A. However, there are multiple plug adapters 182', 182"that
can communicate with each other via a routing and/or switch-
ing device 198. One skilled in the art can appreciate that the
appliance network connectivity apparatus 180 can be scaled
to accommodate any number of plug adapters powering any
number of appliances.

[0024] The plug adapters 182', 182" each include a female
power receptacle 190', 190" that is designed to receive a male
power cord plug 192', 192" that powers the appliances 184'
184". The plug adapters 182', 182" also include a male power
cord 194', 194" that is designed to plug into a power cord
female receptacle 196', 196" of the electrical outlets 186',
186". The plug adapters 182', 182" communicate with each
other via the wireless network 188 and via a routing and/or
switching device 198.

[0025] FIG. 2A is a schematic block diagram of an appli-
ance network connectivity apparatus 200 according to the
present teaching that includes a wireless network interface
202. Referring to FIGS. 1A and 2A, in one embodiment, the
appliance network connectivity apparatus 200 includes an
electrical female receptacle 110 that receives an appliance
power plug 112 that powers the appliance 104. In another
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embodiment, the appliance network connectivity apparatus
200 is hardwired to an electrical power source as shown in
FIG. 1B.

[0026] The appliance network connectivity apparatus 200
includes a voltage sensor 204 that is electrically coupled to an
output of a power source 116 which provides power to the
appliance network connectivity apparatus 200. The voltage
sensor 204 generates a signal at an output that is proportional
to a voltage provided to the appliance 104. A current sensor
208 is also electrically coupled to the output of the power
source 116. The current sensor 208 generates a signal at an
output that is proportional to a current flowing through the
appliance 104.

[0027] A processor 210 controls the operation of the appli-
ance network connectivity apparatus 200. The processor 210
includes a first sensor input that is electrically coupled to the
output of the voltage sensor 204 and a second sensor input
that is electrically coupled to the output of the current sensor
208. The processor 210 manages the voltage sensor 204 and
current sensor 208 by controlling the sampling of current and
voltage measurements as well as storage of the current and
voltage samples in the memory 212.

[0028] The processor 210 can perform multiple functions.
For example, the processor 210 can determine the power
consumed by the appliance, line voltage, instantaneous
power, resistive power, reactive power, and power factor as a
function of time. In addition, the processor 210 can monitor
and store current. One skilled in the art will appreciate that the
processor 210 can determine numerous other electrical char-
acteristics data of the appliance. The processor 210 also man-
ages recorded sensor measurement data. The processor 210
also determines appliance diagnostics information and appli-
ance usage data. Furthermore, the processor 210 can perform
on-board diagnostics to monitor the performance or condition
of the connected appliance. The diagnostic data can be
recorded, used to trigger local or remote alarms (not shown),
and can be communicated with the appliance vendor (not
shown).

[0029] In addition, the processor 210 or a separate proces-
sor (not shown) executes web server software that communi-
cates the electrical characteristics data through the wireless
network 108 to the routing and/or switching device 118 where
it is available to a web browser so it can be presented in a web
page. The web page can also be programmed to provide
information (both tabular and graphical) on such measures as
instantaneous power consumption, cumulative power con-
sumption, length of time of operation, and any number of
other significant metrics.

[0030] The processor 210 is electrically connected to a
non-volatile memory 212 that stores the electrical character-
istics data of the appliance. The memory 212 or a separate
memory can store web server software that implements the
web server. Thus, the processor 210 and the memory 212
functions as a web server that delivers the electrical charac-
teristics data of the appliance through the internet to a client
which is typically a web browser that makes a request for a
specific resource using HTTP to which the web server
responds with the content of that resource. Typically, the
content will be password protected or accessed through a
secure network or virtual private network. The resource is
typically a real file, such as a database containing the electri-
cal characteristics data of the appliance that resides in the
memory 212.
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[0031] The appliance network connectivity apparatus 200
also includes a relay 214 having an electrical input that is
coupled to the power source 116. An electrical output of the
relay 214 is coupled to the appliance 104. A control input of
the relay 214 is electrically coupled to an output of the pro-
cessor 210. The relay 214 controls the application of power
from the power source 116 to the appliance 104. That is, when
the processor 210 sends a control signal to the relay 214 that
closes the relay 214, power from the power source 116 is
transferred through the relay 214 to the power input of the
appliance 104. Alternatively, when the processor 210 sends a
control signal to the relay 214 that opens the relay 214, the
power source 116 is isolated from the power input of the
appliance 104. In some modes of operation according to the
present teaching, the relay 214 is used to cycle the power to
the appliance 104 on and off according to demand response
events or at predetermined intervals for any one of numerous
reasons including convenience or to take advantage of lower
electrical rates.

[0032] The appliance network connectivity apparatus 200
also includes a wireless network interface 202 electrically
connected to the processor 210. The wireless network inter-
face 202 can include various network interface chipsets that
can be used to implement a variety of networking standards
and technologies. For example, the wireless network inter-
face 202 can support Wi-Fi, Bluetooth, Zigbee, WiMAX,
cellular, Homeplug, G.hn, Ethernet wireless standards and
technology. The wireless network interface 202 contains all
the necessary components to access an available LAN, WAN,
CAN, MAN, or internet. For example, many home networks
are Wi-Fi LANs. The wireless network interface 202 contains
all the necessary components to access virtual private net-
works (VPN) and other secure networks. Web server software
running on the processor 210 enables access and communi-
cation through the LAN, WAN, CAN, MAN, or internet. The
appliance network connectivity apparatus would join the
LAN, WAN, CAN, MAN, or internet in the same way any
other Wi-Fi client would be added. For example, access to a
LAN allows clients on the LAN (such as PCs, tablet comput-
ers, and Smartphones) to access stored data in the memory
212 or to send control signals, such as on/off signals, to the
relay 214. Similarly, the web server software also facilitates
communication to other networked entities outside the LAN.

[0033] The wireless network interface 202 has an input that
is electrically connected to an output of the processor 210. In
various embodiments, the wireless network interface 202 can
receive commands from remote locations via networks
including a LAN, WAN, CAN, MAN, and the internet. For
example, the wireless network interface 202 can receive com-
mands to open or close the relay 214 via the internet. Also, the
wireless network interface 202 can pass electrical character-
istics data stored in the memory 212, or determined by the
processor 210 in real time, to the wireless network 108 and to
the routing and/or switching device 118 that connects the
wireless network 108 to remote locations via networks such
as a LAN, WAN, CAN, MAN, and the internet. Thus, the
wireless network interface 202 allows remote access to mea-
sured power (energy), voltage, and current data and to provide
diagnostics information.

[0034] In addition, the wireless network interface 202
includes an output that transmits instructions to the processor
210. For example, the processor 210 can be instructed by a
remote user to cycle power of the appliance 104 off and on
with the relay 214. Also, the processor 210 can be instructed
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by a remote user or by an automated response, such as an
automated demand response from a local utilities” network, to
power down or to reduce energy consumption of the appli-
ance 104. Also, the processor 210 can be instructed by a
remote user or by an automated response to provide diagnos-
tics information.

[0035] FIG. 2B is a schematic block diagram of an appli-
ance network connectivity apparatus 250 for connecting mul-
tiple appliances to a wireless network according to the present
teaching. The appliance network connectivity apparatus 250
is similar to the appliance network connectivity apparatus 200
that was described in connection with FIG. 2A. However, the
appliance network connectivity apparatus 250 includes hard-
ware and software for connecting two appliances to the wire-
less network as shown in FIG. 1C. Referring to FIGS. 1C and
2B, in one embodiment, the appliance network connectivity
apparatus 250 includes electrical receptacles 170", 170" that
receive appliance power plugs 172', 172" that power the
appliances 164', 164". In another embodiment, the appliance
network connectivity apparatus 250 is hardwired to an elec-
trical power source as described herein in connection with
FIG. 1B.

[0036] The appliance network connectivity apparatus 250
includes a plurality of voltage sensors 252 where each of the
plurality of the voltage sensors 252 is electrically coupled to
one ofa plurality of appliances 164, 164'. Each of the plurality
of'the voltage sensors 252 generates a signal at an output that
is proportional to a voltage applied to a corresponding one of
the plurality of appliances 164', 164". The appliance network
connectivity apparatus 250 also includes a plurality of current
sensors 254 where each of the plurality of the current sensors
254 is electrically coupled to one of the plurality of appliances
164', 164". Each of the plurality of the voltage sensors 252
generates a signal at an output that is proportional to a current
flowing through a corresponding one of the plurality of appli-
ances 164', 164".

[0037] A processor 256 controls the operation of the appli-
ance network connectivity apparatus 250. The processor 256
includes a first plurality of sensor inputs electrically coupled
to the output of the plurality of voltage sensors 252 and a
second plurality of sensor input electrically coupled to the
output of the plurality of current sensors 254. The processor
256 manages the plurality of voltage sensors 252 and the
plurality of current sensors 254 by controlling the sampling of
current and voltage measurements as well as storage of the
current and voltage samples for each of the plurality of appli-
ances 164', 164" in the memory 258. Thus, the processor 256
can individually manage the separate appliances so that mea-
surements and analysis is performed for each appliance indi-
vidually and their respective data samples can be stored and
analyzed separately.

[0038] The processor 256 can perform multiple functions.
For example, the processor 256 can determine the electrical
characteristics of each of the plurality of appliances 164',
164". For example, the processor 256 can determine the
power consumed by the appliance and the line voltage, both
as a function of time. In addition, the processor 256 can
monitor and store current. One skilled in the art will appreci-
ate that numerous other electrical characteristics of the appli-
ance can be determined. The processor 256 also determines
appliance diagnostics information and appliance usage data.
[0039] In addition, the processor 256 or a separate proces-
sor (not shown) executes web server software that communi-
cates the electrical characteristics data through the wireless
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network 168 to the routing and/or switching device 169 to the
internet where it is available to a web browser. The processor
256 is electrically connected to the non-volatile memory 258
that stores the electrical characteristics data for at least some
of' the plurality of appliances 164', 164". The memory 258 or
a separate memory can store web server software that imple-
ments the web server. Thus, the processor 256 and the
memory 258 functions as a web server that delivers the elec-
trical characteristics of at least some of the plurality of appli-
ances 164', 164" through the internet to a client which is
typically a web browser that makes a request for a specific
resource using HTTP to which the web server responds with
the content of that resource. Typically, the content will be
password protected or accessed through a secure network or
virtual private network. The resource is typically a real file,
such as a database containing the electrical characteristics
data of at least some of the plurality of appliances 164'. 164"
that resides in the memory 258.

[0040] The appliance network connectivity apparatus 250
also includes a plurality of relays 260 where each of the
plurality of relays 260 has an electrical input coupled to the
power source 166 and an electrical output coupled one of the
plurality of appliances 164', 164". A control input of each of
the plurality of relays 260 is coupled to one of a plurality of
outputs of the processor 256. The plurality of relays 260
independently controls power from the power source 166 to
the plurality of appliances 164', 164". That is, when the pro-
cessor 256 sends control signals to the plurality of relays 260
that closes one or more of the plurality of relays 260, power
from the power source 166 is transferred through these closed
relays 260 to the power input of the corresponding appliances
164', 164". Alternatively, when the processor 256 sends con-
trol signals to the plurality of relays 260 that opens one or
more of the plurality of relays 260, the power source 166 is
isolated from the power input of the corresponding appliances
164', 164". In some modes of operation according to the
present teaching, the plurality of relays 260 is used to cycle
the power to the appliances 164', 164" on and off according to
demand response events, at predetermined intervals, for user
convenience to take advantage of lower electrical rates, or for
numerous other purposes.

[0041] The appliance network connectivity apparatus 250
also includes a wireless network interface 262 electrically
connected to the processor 256. The wireless network inter-
face 262 can include various network interface chipset that
can be used to implement a variety of networking standards
and technologies. For example, the wireless network inter-
face 262 can support Wi-Fi, Bluetooth, Zigbee, WiMAX,
cellular, Homeplug, G.hn, Ethernet wireless standards and
technology.

[0042] The wireless network interface 262 has an input that
is electrically connected to an output of the processor 256. In
various embodiments, the wireless network interface 262 can
receive commands from remote locations via networks such
as a LAN, WAN, CAN, MAN, and the internet. For example,
the wireless network interface 262 can receive commands to
open or close the relays 260 via the internet. Also, the wireless
network interface 262 can pass electrical characteristics data
stored in the memory 258, or determined by the processor 256
in real time, to the wireless network 168 and to the routing
and/or switching device 169 that connects the wireless net-
work 168 to remote locations via networks, such as a LAN,
WAN, CAN, MAN, and the internet. Thus, the wireless net-
work interface 262 allows remote access to measured power
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(energy), voltage, and current data. Furthermore, the wireless
network interface 262 provides diagnostics information for
each of the plurality of appliances 164', 164".

[0043] In addition, the wireless network interface 262
includes an output that transmits instructions to the processor
256. For example, the processor 256 can be instructed by a
remote user to cycle power of one or more of the plurality of
appliances 164', 164" oft and on with the corresponding
relays 260. Also, the processor 256 can be instructed by a
remote user or by an automated response, such as an auto-
mated demand response from a local utilities’ network, to
power down or to reduce energy consumption of one or more
of the plurality of appliances 164', 164". Also, the processor
256 can be instructed by a remote user or by an automated
response to provide diagnostics information.

[0044] Inother embodiment, a plurality of single-appliance
network connectivity apparatus, such as the appliance net-
work connectivity apparatus that was described in connection
with FIG. 1A is in electrical communication via the wireless
network. This embodiment is shown in FIG. 1D. In yet
another embodiment, a plurality of multiple-appliance net-
work connectivity apparatus, such as the appliance network
connectivity apparatus that was described in connection with
FIG. 1B is in electrical communication via the wireless net-
work.

[0045] In some methods of operating these network con-
nectivity apparatus according to the present teaching at least
one of data and control functions for each of at least two
appliance network connectivity apparatus on the wireless
network are made accessible on a single appliance network
connectivity apparatus. Also, in some methods of operating
these network connectivity apparatus according to the present
teaching each of the at least two appliance network connec-
tivity apparatus detects the presence of particular appliance
network connectivity apparatus. Such features are useful for
centralized monitoring and control.

[0046] Inembodiments, where multiple appliance network
connectivity apparatus are in communication with a wireless
network, at least two appliance network connectivity appara-
tus can be self-organizing on a single appliance network
connectivity apparatus. The term “self-organizing” as
described herein refers to characteristics of a network that are
self-configuring in some way. One example of self-organiz-
ing is when the at least one of data and control functions for all
appliance network connectivity apparatus on the network are
made accessible on at least one appliance network connec-
tivity apparatus. Self-organizing networks can be supervised
or unsupervised.

[0047] Self-organizing networks can be implemented by
having each of the plurality of network connectivity appara-
tus recognize each other through the network. The recogni-
tion can be performed in numerous ways. For example, the
recognition can be performed manually by the network
administrator. Alternatively, the recognition can be per-
formed automatically by detecting the presence of other net-
work connectivity apparatus on the network by querying the
local router(s). Each of the network connectivity apparatus
can present a unique identifier that can be recognized by some
or all of the other network connectivity apparatus. Alterna-
tively, an analysis of collected voltage and current measure-
ments can be used to identify certain network connectivity
apparatus. Once the plurality of network connectivity appa-
ratus are recognized, the separate appliances can be individu-
ally managed and their respective data samples can be stored
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and analyzed separately. In addition, measurements and
analysis can be performed on each of the separate appliances.
[0048] Particular network connectivity apparatus can be
programmed to manually or to automatically configure their
communications so a single network connectivity apparatus
acts as the communications interface for all the network con-
nectivity apparatus. This allows the plurality of network con-
nectivity apparatus to present data, control and diagnostic
functionality for all appliances on the network at a single
access point. For example, in the embodiment shown in FIG.
1D, the first multiple plug adapter 182' can be configured to be
an aggregation point that collects data (either processed or
unprocessed) from the second multiple plug adapter 182".
Consequently, any network access directed toward or from
the second multiple plug adapter 182" is then redirected to the
first multiple plug adapter 182' where data for both the first
and the second multiple plug adapters 182', 182" are avail-
able. Similarly, any control signaling directed to the second
multiple plug adapter 182"is routed through the first multiple
plug adapter 182' before being passed to the second multiple
plug adapter 182". The first multiple plug adapter 182' con-
tinues to manage data and control for the first appliance 184'
as well. In this embodiment, the first multiple plug adapter
182' is designated as the aggregator either manually or by
automatic algorithms.

[0049] Thus, a method of connecting an appliance to a
network according to the present teaching includes measur-
ing a voltage across an electrical power input of an appliance
and measuring a current flowing through the appliance. Elec-
trical characteristics of the appliance are determined using a
processor. The electrical characteristics include, but are not
limited to, instantaneous power, resistive power, reactive
power, total power, power factor, and line voltage as a func-
tion of time. In addition, the electrical characteristics include
static characteristics such as current and minimum and maxi-
mum line voltage. To monitor energy usage, the processor can
use the electrical characteristics to also calculate the cost of
the energy used by the attached appliance as a function of
time.

[0050] In some methods according to the present teaching,
the processor analyzes a time series of voltage and current in
order to diagnose the functioning of the appliance. One
method according to the present teaching performs non-in-
trusive load monitoring based on the fact that the motor load
variations are directly converted into electric current modu-
lations. Analysis of the time series may provide clues to
malfunctions or inefficient operation that are indicative of
defects or defective operation in the appliance. Transient
behaviors occurring at power on and off of the electrical loads
can provide diagnostic clues. In some methods according to
the present teaching, diagnosing data and analysis results are
sent to an appliance vendor over the network.

[0051] By way of example, consider an electric clothes
dryer. When the dryer begins its cycle, the current provided to
the motor that drives the drum will exhibit a unique signature
before reaching steady state. During its cycle, a heating ele-
ment is activated at different power levels. By observing the
collected voltage and current data as a function of time, the
processor can determine if the heating element is functioning
properly by comparing the resulting data to known records of
a properly functioning heating element. For example, when
the heating element is activated, the power consumed by the
appliance will increase, resulting in higher measured current
values. If the heating element fails, those higher current val-
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ues will be absent from the record, indicating a failure. Simi-
larly, analysis of the voltage and current waveforms relative to
operation of such components as motors can give indication
of potential or actual malfunctions.

[0052] The processor is interfaced with a network, such as
a LAN, WAN, CAN, MAN, or the internet, that enables
access of the electrical characteristics through a web server.
Power is switched from a power source to the appliance in
response to a command from the processor that is received
from the network. The method can be used for connecting a
plurality of appliances to the network. In some methods
according to the present teaching, the methods further include
instructing the processor to cycle the power applied to the
appliance at discrete times or at predetermined intervals.
[0053] In some methods according to the present teaching,
real time demand level data are retrieved from the network
and these data are used to switch power from the power source
to the appliance. In these methods, the appliance network
connectivity apparatus accesses network resources, such as,
but not limited to, web sites of manufacturers or power utility
companies to gather information on real time energy pricing
or demand levels. The term “demand” refers to the electrical
load on the local electrical grid. During times of high demand,
utilities will incentivize their customers to reduce consump-
tion in order to reduce the stress on the local grid thereby
limiting the need to purchase additional energy from the
wholesale electricity market (with the likelihood of
extremely high price volatility at times of peak demand and
supply shortages) or to add additional local generation capac-
ity. In these methods, the appliance network connectivity
apparatus polls its servicing utility company to implement
demand response schemes or to optimize the cost of energy
by choosing to run the appliance cycles when costs are low.
The processor switches the power to the appliance on or off
through the relay in response to data received during the
polling. External entities such as servicing utilities could also
push pricing and demand information to the appliance net-
work connectivity apparatus by messaging when rates change
or when demand levels reach certain thresholds. In response
to such messages, the processor on the appliance network
connectivity apparatus can control operation of the appliance
through the relay.

EQUIVALENTS

[0054] While the applicants’ teaching is described in con-
junction with various embodiments, it is not intended that the
applicants’ teaching be limited to such embodiments. On the
contrary, the applicants’ teaching encompass various alterna-
tives, modifications, and equivalents, as will be appreciated
by those of skill in the art, which may be made therein without
departing from the spirit and scope of the teaching.

What is claimed is:

1. An appliance network connectivity apparatus compris-

ing:

a) a voltage sensor electrically coupled to an output of a
power source providing power to an appliance, the volt-
age sensor generating a signal at an output that is pro-
portional to a voltage provided to the appliance;

b) a current sensor electrically coupled to the output of the
power source, the current sensor generating a signal at
an output that is proportional to a current flowing
through the appliance;

¢) a processor having a first sensor input electrically
coupled to the output of the voltage sensor and a second
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sensor input electrically coupled to the output of the
current sensor, the processor determining electrical
characteristics of the appliance and executing web
server software for communicating data through a net-
work;

d) a relay having an electrical input coupled to the power
source, an electrical output coupled to the appliance, and
a control input that is electrically coupled to an output of
the processor, the relay controlling power from the
power source to the appliance;

e) a memory that stores the electrical characteristics of the
appliance; and

f) a network interface electrically connected to the proces-
sor, the network interface providing the electrical char-
acteristics to the network.

2. The appliance network connectivity apparatus of claim 1
wherein the appliance network connectivity apparatus com-
prises an electrical receptacle that is adapted to receive the
appliance power plug.

3. The appliance network connectivity apparatus of claim 1
wherein the appliance network connectivity apparatus is elec-
trically connected between the appliance and the power
source with a hardwired connection.

4. The appliance network connectivity apparatus of claim 1
wherein the electrical characteristics comprises energy con-
sumed.

5. The appliance network connectivity apparatus of claim 1
wherein the electrical characteristics comprises appliance
diagnostics information.

6. The appliance network connectivity apparatus of claim 1
wherein the electrical characteristics comprises appliance
usage data.

7. The appliance network connectivity apparatus of claim 1
wherein the processor provides internet access to at least one
of the electrical characteristics, processed electrical charac-
teristics, and diagnostics analysis of the electrical character-
istics through the network interface.

8. The appliance network connectivity apparatus of claim 1
wherein the network interface provides remote access to the
processor so that a remote user can control the relay.

9. An appliance network connectivity apparatus for con-
necting a plurality of appliances to a network, the apparatus
comprising:

a) a plurality of voltage sensors, each of the plurality of the
voltage sensors being electrically coupled to one of the
plurality of appliances and generating a signal at an
output that is proportional to a voltage applied to a
corresponding one of the plurality of appliances;

b) a plurality of current sensors, each of the plurality of the
current sensors being electrically coupled to one of the
plurality of appliances and generating a signal at an
output that is proportional to a current flowing through a
corresponding one of the plurality of appliances;

¢) a processor having a first plurality of sensor inputs
electrically coupled to the output of the plurality of
voltage sensors and a second plurality of sensor inputs
electrically coupled to the output of the plurality of
current sensors, the processor determining electrical
characteristics of power consumed by the plurality of
appliances and executing web server software;

d) a plurality ofrelays, each of the plurality of relays having
an electrical input coupled to the power source and an
electrical output coupled one of the plurality of appli-
ances, and a control input that is coupled to an output of
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the processor, the plurality of relays controlling power
from the power source to the plurality of appliances;

e) a memory that stores the electrical characteristics; and

f) a network interface electrically connected to the proces-
sor, the network interface providing the electrical char-
acteristics to a network.

10. The appliance network connectivity apparatus of claim

9 wherein the appliance network connectivity apparatus com-
prises a plurality of electrical receptacle adaptors that each
receives one of a plurality of appliance power plugs.

11. The appliance network connectivity apparatus of claim
9 wherein the appliance network connectivity apparatus is
electrically connected between the plurality of appliances and
the power source with a hardwired connection.

12. The appliance network connectivity apparatus of claim
9 wherein the electrical characteristics data comprises energy
consumed by the appliance.

13. The appliance network connectivity apparatus of claim
9 wherein the electrical characteristics comprises appliance
diagnostics information.

14. The appliance network connectivity apparatus of claim
9 wherein the electrical characteristics comprises appliance
usage data.

15. The appliance network connectivity apparatus of claim
9 wherein the processor provides internet access to at least
one of the electrical characteristics, processed electrical char-
acteristics, and diagnostics analysis of the electrical charac-
teristics through the network interface.

16. The appliance network connectivity apparatus of claim
9 wherein the network interface provides remote access to the
processor so that a remote user can control at least one of the
plurality of relays.

17. A plurality of appliance network connectivity appara-
tus for connecting appliances to a network, each of the plu-
rality of appliance network connectivity apparatus compris-
ing:

a) at least one voltage sensor electrically coupled to an
output of a power source providing power to at least one
appliance, the at least one voltage sensor generating at
least one signal at an output that is proportional to at least
one voltage provided to a corresponding appliance;

b) at least one current sensor electrically coupled to the
output of the power source, the at least one current
sensor generating at least one signal at an output that is
proportional to at least one current flowing through a
corresponding appliance;

¢) a processor having a first sensor input electrically
coupled to the output of the at least one voltage sensor
and a second sensor input electrically coupled to the
output of the at least one current sensor, the processor
determining electrical characteristics of the at least one
appliance and executing web server software for com-
municating data through a network;

d) at least one relay, each of the at least one relay having an
electrical input coupled to the power source, an electri-
cal output coupled to a corresponding appliance, and a
control input that is electrically coupled to an output of
the processor, the at least one relay controlling power
from the power source to a corresponding appliance;
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e) a memory that stores the electrical characteristics of the

at least one appliance; and

f) a network interface electrically connected to the proces-

sor, the network interface providing the electrical char-
acteristics to the network.

18. The plurality of appliance network connectivity appa-
ratus of claim 17 wherein one of the plurality of appliance
network connectivity devices on the network can perform at
least one of accessing, displaying and transmitting at least one
of data and control signals between other appliance network
connectivity devices on the network.

19. The plurality of appliance network connectivity appa-
ratus of claim 17 wherein at least one of the plurality of
appliance network connectivity apparatus can detect a pres-
ence of other appliance network connectivity devices on the
network.

20. The plurality of appliance network connectivity appa-
ratus of claim 17 wherein two or more appliance network
connectivity devices on the network self-organize by auto-
matically designating one of the appliance network connec-
tivity devices on the network as an access point to other
appliance network connectivity devices on the network.

21. A method of connecting an appliance to a network, the
method comprising:

a) measuring a voltage across an electrical power input of

an appliance;

b) measuring a current flowing through the appliance;

¢) determining electrical characteristics of the appliance

with a processor using the measured voltage and current;

d) interfacing the processor to a network, thereby enabling

remote access through a web server to the electrical
characteristics; and

e) switching power from a power source to the appliance in

response to a command from the processor that is
received from the network.

22. The method of claim 21 further comprising connecting
a plurality of appliances to the network.

23. The method of claim 21 further comprising instructing
the processor to cycle the power applied to the appliance on
and off.

24. The method of claim 21 further comprising gathering
real time energy pricing from the network and then switching
power from the power source to the appliance in response to
the real time energy pricing.

25. The method of claim 21 further comprising gathering
demand level data from the network and then switching
power from the power source to the appliance in response to
the demand level data.

26. The method of claim 21 further comprising determin-
ing at least one of instantaneous power, power consumed as a
function of time, and power factor with the processor.

27. The method of claim 21 further comprising storing a
time series of the voltage and current applied to the appliance.

28. The method of claim 21 further comprising sending at
least one of diagnosing data and analysis results to an appli-
ance vendor over the network.

29. The method of claim 21 further comprising performing
data diagnostics and analysis with the appliance network
connectivity apparatus.

sk sk sk sk sk



	Tiffs to PDF

