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Apparatus Using Time-Based Electrical Characteristics to Identify

an Electrical Appliance

Invented by:

Gilbert J . MASTERS (Belmont, CA)

Marcos B. PERNIA (San Mateo, CA)

The present application claims the benefit of prior filed US Provisional

Patent Application, serial number 61/084,539 filed 29 July 2008; to which the

present application is a regular US national application, and which prior

application is incorporated herein by reference.

Field of the Invention

The present invention is in the field of measuring, testing or sensing of

the electric properties per of an electrical appliance load. Specifically, the

present invention relates to a system for analyzing the electrical properties of

an electrical appliance load to identify the electrical appliance by the time-

based electrical characteristics of the load, and for recording the result of the

analysis.



Background of the Invention

The local electrical grid (micro-grid) of a modern residence, a

commercial location or other premises hosts a variety of electrical appliances

representing diverse electrical loads. The individual load devices represented

by these electrical loads are transparent - not individually identifiable - to the

electrical power provider, or to any party/system that could otherwise benefit

from knowledge of the identity, state and condition of the individual appliance

drawing from the electrical power source. It should be noted that an individual

load device can be any type of appliance on the local micro-grid, including:

typical household appliances (e.g., refrigerators, washers, televisions, etc.),

heating/air-conditioning units, air-handling equipment, power benches,

machine tools, lighting appliances, electronics, industrial equipment, turbines,

generators, etc.

If the identification of such appliance loads on the micro-grid can be

made with confidence, a new level of control, management and maintenance

can be made available to a broad range of beneficiaries: e.g., utility providers

seeking to identify loads for remote load analysis & control; marketing

organizations in need of highly reliable power usage data, OEM's looking to

identify customer bases, or residential and commercial premises power

consumers looking to manage their electrical energy usage.

The field has been motivated to move at least somewhat in this

direction, in that means for monitoring the overall power consumption of a

premises are known in the art. For example, Hart et al. (US Patent No.

4,858,141) describe an apparatus that is attached to the power line outside a

residence, and monitors the overall power consumption of the loads in the

residence. Further, Hart reports the ability detect the time specific contribution

of individual, unidentified appliance loads to the overall power consumption of

the residence. However, the Hart apparatus only monitors the power supply



line into the residence, does not and cannot receive or process an input from or

identify an individual appliance load as a specific appliance (i.e., refrigerator

# 1 from refrigerator #2). Also, if the duty cycle of refrigerators # 1 & #2

overlap, the Hart apparatus cannot precisely distinguish which of the two came

on first or went off last. Although, such apparatuses or systems may be useful

for their intended purpose, if they only monitor the overall power consumption

of a micro-grid (or a branch of the grid) the identification and characterization

of the specific, individual appliance associated with a detected load cannot be

made with confidence.

Further, it would be extremely beneficial to be able to use the identity of

individual appliances to access a specific appliance to monitor and control its

power consumption. The ability to identify an individual appliance, to

characterize it power usage profile, even without the ability to control it

operation, allows resource planning and budgeting, maintenance scheduling,

determination of the operational condition of such loads, and optimizing their

draw of power the electrical source/provider.



Summary of the Invention

The present invention is an apparatus and method that enables a user to

monitor and manage an individual appliance on a micro-grid by identifying it

via the time-based characteristics of its electrical load. This is accomplished by

processing and analyzing time-based data that represent the characteristics of

the electrical load of an individual specific appliance on a micro-grid. The

electrical appliance load characteristics represented by the data include:

electrical power, voltage, current, power factor, line frequency, noise, etc. The

individual specific appliances can be any type of device powered by the micro-

grid, including: typical household appliances (e.g., refrigerator, television,

lamp, washer, etc.), heating/air-conditioning units, air-handling equipment,

power benches, machine tools, lighting appliances, electronics, industrial

equipment, turbines, generators, etc.

Generally, the present apparatus for analyzing a load's electrical

characteristics consists of: a signal conditioner; a signature engine; an ID-

engine; and a database. A system manager provides overall control of the

components of the apparatus, and provides for external communications. The

signal conditioner receives electrical load characteristics data from one or more

load appliances on the micro-grid (or from other appliance sources of similar

electrical load characteristics data). The signal conditioner then conditions the

received data characteristics signal for use by other components of the

apparatus with which it communicates. In particular, the signal conditioner

communicates a conditioned data characteristics signal to a signature engine.

The signature engine is adapted to take the conditioned signal and generate a

signature signal based on the original received data characteristics of the

conditioned signal. The signature signal and any indicia of a source appliance

are communicated to an ID-engine component.

The ID-engine is adapted to receive the signature signal, to analyze the

signature signal in view of a set of signature ID criteria, and to determine the



type of appliance that was the source of the original electrical load

characteristics data. This determination and any indicia of the source appliance

are stored in a database. A system manager component provides overall

control of the apparatus, and communication interfaces (I/O ports) for sending

and receiving external signals.

In the signature engine, the conditioned data characteristics signal

representing the electrical load characteristics of a specific individual appliance

is processed into specific component parts and further used to generate an

identifying "signature" unique to the source electrical load or appliance. This

signature is then analyzed to determine a multitude of unique or identifying

characteristics of the source electrical load, such as: the category of the

appliance that generated the load; the specific type of the appliance, its

operational state, and its electro-mechanical condition; etc. A category is

defined as, for example, appliances that are: inductive appliances, resistive

appliance, capacitive appliances, etc.

Further, it is intended that this determination be made with a high level

of confidence. As the extent of a multitude of individual appliance types are

identified and categorized in the database by their signatures, analysis of their

associated signatures can be used to determine the category, specific type, state,

and condition of a newly generated load appliance signature. This is

accomplished by using the database to compare the new signature against

known appliance type signatures, both algorithmically and heuristically, and

justifying signature against a matrix of known appliance type electrical load

characteristics or by identification by direct user input.



Brief Description of the Drawings

Fig. 1 is a high level block diagram describing major functional components of

the present apparatus and system for identifying electrical load appliances

through the processing and analysis of the time-based electrical characteristics

of that appliance.



Detailed Description of the Invention

The present invention a system having an apparatus and method for use

with a micro-power grid to identifying a specific appliance on the grid, and its

type, through the analysis of the time-based electrical load characteristics of

that appliance. A preferred embodiment of the present invention will be

described with reference to the accompanying drawing(s) to better illustrate the

present apparatus and method. Referring now to the drawings, the details of

preferred embodiments of the present invention are graphically and

schematically illustrated. Like elements in the drawings are represented by like

numbers, and any variations of the same element are represented by like

numbers with different lower case letter suffixes.

The present invention includes an apparatus 10 for analyzing time-based

electrical load characteristics of an electrical appliance to identify a type of the

electrical appliance and its electrical condition. The primary components of the

apparatus 10 are: a signal conditioner 20; a signature engine 40; an ID-engine

60; a database 80; and a system manager 90. Referring to Fig. 1, a high level

block diagram indicates major functional components of the present apparatus.

The input to the signal conditioner 20 contains electrical load

characteristics data. The electrical characteristics that the electrical load data

signal 14 can communicate include specific electrical values, such as Wattage,

Amperage, Voltage, power factor, line frequency, and electrical noise, etc. of

the attached appliance. The signal conditioner 20 receives load character input

signals 14. Additionally, a load character input signal 14 can include electrical

load characteristic data of more than one load device/appliance (not shown).

The signal conditioning component pre-processes the received electrical load

characteristics signal data 14 for further processing and analysis. The signal

conditioner 20 is adapted to generate a conditioned signal 24 from the received

data characteristics signal 14, the conditioned signal 24 for use by other



components of the apparatus with which it communicates. The signal

conditioner 20 performs certain operations on the received signal 14, such as:

filtering, normalizing and otherwise processing the content of the received data

characteristics signal 14 as appropriate for delivery to one or more of the other

components of the apparatus 10. In particular, signal conditioner 20 filters the

data signal 14 to select the specific data of interest. The data of interest can

further be time-specific data. For example, time-specific electrical

characteristics reported during a transitional state (e.g., off-to-on) of the load

appliance may be selected. Other time-specific data values may be selected

from when the load appliance is in a steady state. At the instruction of the

system manager 90, the signal conditioner 20 can direct the filtered data at

times the data to any of the apparatus' component, or to simply discard it.

Primarily, the signal conditioner 20 will communicate a conditioned signal 24

containing filtered data on to the signature engine 40.

The signature engine 40 receives the conditioned signal 24 and

generates a signature signal 44 based on the data content of the conditioned

signal 24. The signature engine 40 component of the apparatus 10 processes

the conditioned signal 24 to produce a unique "signature" to represent the load

appliance.

A process for analyzing electrical load characteristics of a load

appliance to generate an appliance signature new in the art. See for example

Ting, K.H. et al, A Taxonomy of Load Signaturesfor Single-Phase Appliances,

IEEE: Power Electronics Specialist Conference, June 2005, Brazil;

incorporated herein by reference. The signature can be represented as an

encoded data string, which includes the specific electrical characteristics of the

load appliance. The signature engine 40 analyzes the conditioned signal 24 for

the specific time-based electrical characteristics data of the electrical load

appliance and any other pertinent data contained in the signal 24. The

signature engine 40 assigns values to the data to create a "signature" unique to



the source appliance. The signature may be presented as a numerical value,

mathematically encoded to represent the type and electrical characteristics of

the load appliance. The signature engine 40 communicates a signature signal

44 containing signature data on to the identification engine 40.

The identification engine ("ID-engine") 60 is adapted to receive the

signature signal 44, and to analyze the signature signal 44 in view of a set of

signature ID criteria 66 to identify the type and/or the category of the attached

electrical appliance. By analyzing specific point-in-time electrical power

characteristics and any other indicia of the load appliance contained in the

signature signal 44, values representative of that type of appliance can be

derived.

The ID-engine 60 processes the signature signal 44 of the load appliance

to determine its identifying characteristics, such as: the device's category, the

specific type of the appliance (and possibly, its make and model). In one

implementation, by comparing the signature of a specific electrical load

appliance to known appliance values, the ID-engine 60 can identify the type

(i.e., washer, refrigerator, AC unit, etc.) of the load appliance. The ID-engine

60 can also determine the identity of the load appliance probabilistically by

analyzing the appliance signature signal 44. Additionally, the ID-engine 60

can also determine, or further resolve, the type and specific identity of an

individual load appliance through user interaction. The ID-engine 60

communicates with the database 90 and can store the identity therein.

The ID-engine 60 determines the device type of the load appliance

based on the signature 44 of the appliance's electrical load characteristics 14.

For example, the ID-engine 60 may determine that the load appliance is an

incandescent light bulb. The ID-engine 60 can employ a number of methods to

determine the type of the load appliance. For example, the ID-engine 60 may

compare the reported signature data 44 to a list of known signature-IDs that

exists in the database 90. Also, the ID-engine 60 can make calls to remote



databases (not shown) for additional signature and ID comparisons. The ID-

engine 60 can also employ (e.g., heuristic) analysis of the signature data 44 to

specifically or probabilistically identify the load appliance. For example, the

ID-engine 60 can determine that the load device is inductive in nature, thus

eliminating resistive-(and other) type load appliances from the possible

appliance types, and in a following step the ID-engine 60 may determine that

the load appliance has a specific duty-cycle to further eliminate appliances of

those types.

Lastly, the ID-engine 60 can make calls via the I/O interfaces 94,

prompting user input to help determine the type of the appliance. Once the ID-

engine 60 has made the appliance type determination, a signature-ID pairing is

created and communicated to the database component 90 for storage. The

apparatus 10 can then use the stored signature-ID pairing as reference data for

subsequent appliance type determinations.

By following a similar process, the apparatus lOcan also diagnose the

condition (i.e., "health) of the load appliance. For example, once identification

of the type of the appliance has been made, changes in the time-specific

electrical load characteristics signal 14 of the appliance can be used to

determine whether the appliance is operating abnormally. The apparatus can

then direct the signal conditioner to more selectively filter the load

characteristics signal data 14 to collect more diagnostic specific information.

The database 90 is a memory component for storage and retrieval of

data and instructions generally. The database 90 provides storage and retrieval

of data for use and manipulation by the different components of the apparatus

10 and located discreetly or distributed in the apparatus 10. Additionally, the

database or a portion thereof can be remotely located separately from the

apparatus 10, providing for distributed implementation of the present invention

across a plurality of different types of data storage means and different

locations.



The system manager 90 is adapted to provide overall control of the

apparatus 10. The system manager 90 has one or more I/O communication

interfaces 94 for sending and receiving external signals 96. The I/O interfaces

94 may be accomplished using any of a number of I/O modalities known to and

selectable by one of ordinary skill in the art. The interfaces 94 can

communicate with user input devices, display devices, storage devices or local

and wide area networks (such as phone, radio and global computer networks).

While the above description contains many specifics, these should not

be construed as limitations on the scope of the invention, but rather as

exemplifications of one or another preferred embodiment thereof. Many other

variations are possible, which would be obvious to one skilled in the art.

Accordingly, the scope of the invention should be determined by the scope of

the appended claims and their equivalents, and not just by the embodiments.

WHAT IS CLAIMED IS:



Claims

1. An apparatus (10) for analyzing time-based electrical load

characteristics of an electrical appliance to identify the electrical appliance, the

apparatus consisting of:

- a signal conditioner (20) receiving electrical load character signals (14), the

signal conditioner (20) adapted to generate a conditioned signal (24);

- a signature engine (40) adapted to receive the conditioned signal (24) and

generate a signature signal (44) based on the conditioned signal (24);

- an ID-engine (60) adapted to receive the signature signal (44), to analyze the

signature signal (44) in view of a set of signature ID criteria (66) to identify the

electrical appliance, and to store the identity in a database (80); and

- a system manager (90) adapted to provide overall control of the apparatus

(10), and having I/O interfaces (94) for sending and receiving signals (94, 14).

2 . The apparatus (10) of claim lfor analyzing time-based electrical load

characteristics of an electrical appliance, wherein the signal conditioner (20)

receives electrical load character signals (14) from a plurality sources.
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