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(57) ABSTRACT 

A method and system for use in creating a profile of manag 
ing and understanding power consumption in a premise of a 
user, wherein said premise comprises two or more power 
consuming devices comprises measuring, via at least one 
sensor, aggregate energy consumption at the premise, receiv 
ing at a mobile computing device comprising a data proces 
Sor, said aggregated signal from the sensor, collecting and 
recording the aggregate signal over a plurality of time reso 
lutions and frequencies, therein to create a predicted aggre 
gate signal for each time X and frequencyy, detecting changes 
in the predicted aggregate signal at time X an frequency y 
(detected consumption pattern changes) and conveying to at 
least one of the user, a utility company, and other third party 
a notification of detected consumption pattern changes. 
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Figure 2a 
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Figure 2b 
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Figure 2c 
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Figure 2d 
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Figure2e 
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Figure2f 
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Figure 4 
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Figure 6 
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Figure 7c 
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SYSTEMAND METHOD OF COMPLING 
AND ORGANIZING POWER CONSUMPTION 
DATA AND CONVERTING SUCH DATA INTO 

ONE ORMORE USERACTIONABLE 
FORMATS 

FIELD OF THE INVENTION 

0001. The present invention relates to the field of granular 
power monitoring, data analytics and enhanced data use at 
both the consumer and industry levels. 

BACKGROUND OF THE INVENTION 

0002 Energy management is a term that generally relates 
to or is implemented by Systems, processes and devices in 
order to reduce energy consumption and understand energy 
consumption patterns. This can occur in private homes, in 
businesses, in factories/manufacturing facilities and in pub 
lic-sector/government organizations, to name a few. 
0003. From the perspective of an energy consumer, the 
process of monitoring, controlling, and conserving energy in 
a building or organization typically involves the following 
steps, with noted challenges and limitations: 
0004. 1. Metering (in some fashion) energy consumption 
and collecting the data. 

0005 2. Understanding the raw data and/or collecting data 
that is useful. 

0006 3. Finding opportunities to save energy, and estimat 
ing how much energy each opportunity could save. For 
example, an individual could analyze her meter data to find 
and quantify routine energy waste, and might also investi 
gate the energy savings that could be made by replacing 
equipment (e.g. lighting) or by upgrading a buildings 
insulation. 

0007 4. Taking action to target the opportunities to save 
energy (i.e. addressing the routine waste and replacing or 
upgrading inefficient equipment). 

0008 5. Tracking progress by analyzing meter data to see 
how well the energy-saving efforts have worked. 

0009. At a consumer level, as the cost of energy/electricity 
continues to increase, there is greater awareness of consump 
tion issues and more thought put into Sustainable energy 
planning. For example, people are buying more high fuel 
efficiency cars including both smaller and hybrid electric 
CaS 

0010. However, in order for people to use less energy/ 
electricity in their homes and businesses, they need to have 
Some means to assess energy usage and to make appropriate 
adaptations and decisions. One approach in energy-data col 
lection is to manually read meters once a week or once a 
month. This is not only onerous but of very limited use in 
terms of data spread. 
0011. An alternative approach to energy-data collection is 
to install interval-metering systems that automatically mea 
Sure and recordenergy consumption at short, regularintervals 
such as every hour, every 15-minutes, or even every few 
seconds when needed. This detailed interval energy con 
Sumption data makes it possible to see patterns of energy 
waste that it would be impossible to see otherwise: for 
example one can ascertain how much energy is being used at 
different times of the day or on different days of the week. 
Using the detailed interval data, it is possible to make broad 
brush estimates of how much energy is being wasted at dif 
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ferent times. For example, if a person identifies that energy is 
being wasted by electronics left on over the weekends, one 
Ca 

a. Use interval data to calculate how much energy (in kWh) is 
being used each weekend. 
b. Estimate the proportion of that energy that is being wasted 
(by electronics that should be switched off). 
c. Using the figures from a and b, calculate an estimate of the 
total kWh that are wasted each weekend. 

0012 i. This type of data and information is in bulk 
“aggregate' form and is not particular or granular 

0013 Using power sensors on every device, it is possible 
to acquire an itemized bill that shows usage and energy cost 
for various appliances. With itemized data, consumers can 
take action to conserve, by either installing more energy 
efficient appliances (air conditioners, clothes washers/dryers, 
hot tubs, Ovens, lighting, etc. . . . ), or changing their usage 
patterns in areas where pricing of energy/electricity varies by 
time of day, or simply turning loads off when not in use. The 
problem is that people do not want to incur the significant 
expense required to install power sensors on each of their 
appliances and electric loads. This underscores the significant 
problems: 
a) while there is some value to the bulk aggregate data, it is not 
the definitive picture in energy management, in fact, it barely 
scratches the surface of what should be possible and available 
to power consumers; and 
b) load disaggregation or cataloguing power usage at a granu 
lar level is difficult to currently achieve. Even if power sensors 
are attached onto every single appliance in a home, there is 
still the issue of the value of the produced raw data without 
further enhancements and value added. 

0014. From the perspective of the consumer, as opposed to 
utility companies, there are some overlapping but also differ 
ent concerns in regards to power usage. With the advent of 
“smart grid” technologies, also called “smart home”, “smart 
meter', or “home area network” (HAN) technologies, opti 
mized demand reductions became possible at the end use or 
appliance level. Some Smart grid technologies provided the 
ability to capture real-time or near-real-time end-use data and 
enabled two-way communication. Smart grid technologies 
currently exist for at least Some percentage of a utility’s 
customer base and applications are growing throughout 
North America. From a consumer perspective, Smart meter 
ing offers a number of potential benefits to householders. 
These include the provision of a tool to help consumers better 
manage their energy use. Smart meters with a display can 
provide up to date information on gas and electricity con 
Sumption in the currency of that country and in doing so help 
people to better manage their energy use and reduce their 
energy bills and carbon emissions. 
00.15 Various “load disaggregation' (as defined below) 
algorithms have been suggested in the literature. One tech 
nique of decomposing the power signal measured at the 
incoming power meter into its constituent individual loads is 
known as Single Point End-use Energy Disaggregation 
(SPEEDTM), and is available from Enetics, Inc. of New York. 
The SPEEDTM product includes logging premises load data 
and then transferring the data via telephone, walk-ups, or 
alternative communications to a Master Station that processes 
the recorder data into individual load interval data, acts as a 
server and database manager for pre and post processed 
energy consumption data, temperature data, queries from 
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analysis stations, and queries from other information sys 
tems. This known technique runs on a Windows(R operating 
system. 
0016 While this improves the quality of decomposition 
techniques, there still exists the need, at the consumer level in 
particular, for a simple and inexpensive power consumption 
monitoring system that does not require a Master Station 
and/or additional people, resources to decompose an electric 
power meter signal to its constituent individual loads. 
0017. From the perspective of utility companies and 
energy traders, there is a need and demand to create demand 
projections and maintain a regulated reserve margin above 
(but not too far above) such demand. The capacity that is 
above or below that margin can be bought or sold in the 
energy markets. 
0018. Furthermore, there is a growing tendency towards 
unbundling the power system as different sectors of the indus 
try (generation, transmission, and distribution) are faced with 
increasing demand on planning management and operations 
of the networks. The operation and planning of a power utility 
company requires an adequate model for power load forecast 
ing. This load forecasting plays a key role in helping a utility 
to make important decisions on power, load Switching, Volt 
age control, network reconfiguration, and infrastructure 
development. 
0019. Data acquired from a plurality of households, busi 
nesses and other power consuming entities as to behaviors 
and power consumption, in a granular form would be highly 
desired. 
0020. It is an object of the present invention to obviate or 
mitigate the above disadvantages 

SUMMARY OF THE INVENTION 

0021. The present invention is directed generally to sys 
tems and methods for monitoring energy consumption and 
for related operations and, more specifically, for monitoring 
of energy consumption in premises with a view to providing 
consumption awareness to users and premise management 
systems. The present invention has wide reaching uses and 
applications and may be used, for example, for non-intrusive 
load monitoring, electricity monitoring, energy monitoring, 
in-house energy management, building automation, and for 
other applications. As a result, the present invention may be 
commercialized by utilities or third-parties as a product that 
enables consumers to better manage their electricity con 
Sumption. It can also be commercialized as a software solu 
tion for data aggregators like Google (for example, via 
Google PowerMeterTM). 
0022. The present invention may be implemented as an 
aggregate measurement system that non-intrusively detects 
which power consuming devices are turned on and off in a 
building and reports usage information to either the user or to 
an automated energy management system or to a utility. The 
present invention may be implemented in many ways and 
may offer many benefits, some examples of which are iden 
tified below. 
0023 The present invention provides, in one aspect, a 
method for use in creating a profile of managing and under 
standing power consumptionina home of a user, wherein said 
home comprises two or more power consuming devices 
which comprises: 

0024 a) measuring, via at least one sensor, aggregate 
energy consumption at the home; 
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0.025 b) receiving at a mobile computing device com 
prising a data processor, said aggregated signal from the 
Sensor, 

0026 c) collecting and recording the aggregate signal 
over a plurality of time resolutions and frequencies, 
therein to create a predicted aggregate signal for each 
time X and frequency y; 

0027 d) detecting changes in the predicted aggregate 
signal at time X an frequency y (detected consumption 
pattern changes); and 

0028 e) conveying to at least one of the user, a utility 
company, and other third party a notification of detected 
consumption pattern changes. 

0029. The present invention provides, in another aspect, 
an unsupervised system for use in creating a profile of man 
aging and understanding power consumption in a home of a 
user, wherein said home comprises two or more power con 
Suming devices which system comprises: 

0030) a) at least one sensor configured to measure 
aggregate energy consumption at the home; 

0.031 b) a mobile computing device comprising a data 
processor, 

0.032 c) computer readable memory including com 
puter readable instructions which, when executed by the 
processor, cause the processor to perform the following 
steps: i) receive said aggregated signal from the sensor; 
ii) collect and record the aggregate signal overa plurality 
of time resolutions and frequencies, iii) create a pre 
dicted aggregate signal pattern for each time X and fre 
quency y; vi) to detect changes in the predicted aggre 
gate signal pattern at time X an frequency y (detected 
consumption pattern changes); and 

0033 d) a communication interface operably connected 
to the mobile computing device and configured for con 
veying to a user notification of detected consumption 
pattern changes. 

0034. The present invention provides, in another aspect, a 
system for use in creating a profile of managing and under 
standing power consumption in a home, wherein said home 
comprises two or more power consuming devices which sys 
tem comprises: 

0035) a) at least one sensor configured to measure at 
least one energy consumption variable associated with at 
least one energy consumption device within the home 
(“the selected device') and to generate at least one 
aggregated output signal therefrom; 

0.036 b) a mobile computing device comprising a data 
processor, 

0037 c) computer readable memory comprising 
memory comprising a catalogue of a plurality of devices 
and one of a respective or estimated power draw of each 
Such device, said memory including computer readable 
instructions which, when executed by the processor, 
cause the processor to perform the following steps: i) 
receive said aggregated signal from the sensor; ii) create 
and update a power profile for the selected device, iii) 
collect and analyze raw data in real time, iv) calculate a 
delta for each selected device (difference between an on 
state and an off state); V) calculate an estimated delta for 
the selected device, using ON-OFF-ON sequences (or 
OFF-ON-OFF) thereby acquiring a start value and end 
value, and vi) comparing the start value and end value to 
assess reliability of the estimated delta for the selected 
device; and 
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0038 d) a communication interface operably connected 
to the mobile computing device and configured for 
receiving user commands and queries, for requesting 
user input in respect to said devices and for transmitting 
information relating to the devices to the user. 

0039. The present invention provides, in another aspect, a 
system for acquiring and storing disaggregated power con 
Sumption data in a premises which comprises: 

0040 a) at least one sensor configured to measure at 
least one desired energy consumption variable associ 
ated with a plurality of energy consumption devices 
within the premises and to generate at least one aggre 
gated output signal therefrom; 

0041 b) a data processor configured to receive said 
aggregated signal from the sensor, said processor com 
prising a means to create and update a power profile for 
each individual device, said data processor comprising a 
memory which comprises a catalogue of each of said 
individual devices and a respective power draw of each 
device 

0042. The present invention provides, in another aspect, a 
computer implemented method of acquiring, cataloguing and 
storing power consumption data in respect to a first energy 
consumption device (with an energy draw) within a premises 
comprising a plurality of energy consumption devices which 
comprises: 

0043 a) providing a sensor configured to measure at 
least one desired energy consumption variable associ 
ated with the plurality of energy consumption devices 
(including the first device) within the premises and to 
generate at least one aggregated output signal therefrom; 

0044 b) configuring a data processor to receive said 
aggregated signal from the sensor, 

0045 c) creating a power profile for the first device by 
instructing a user, via a user interface, to independently 
switch said device between on-off positions (“switching 
set up’), at least one time, to isolate a power draw for 
said device from the aggregated signal, wherein data 
processor recognizes that the first device was selected 
and isolates a differential in the aggregate signal based 
on differing Switch positions during the Switching set up, 
said differential being the energy draw of the first device: 
and 

0046 d) providing a memory which recallably stores 
the energy draw of the first device in a catalogue. 

0047. The present invention provides, in yet another 
aspect, a power consumption and notification system com 
prising: 

0048 a) at least one sensor configured to measure at 
least one desired energy consumption variable associ 
ated with at least one energy consumption device within 
a premises and to generate at least one aggregated output 
signal therefrom; 

0049 b) a data processor configured to receive said 
aggregated signal from the sensor, said processor com 
prising a means to create and update a power profile for 
each at least said one device, said data processor com 
prising a memory which comprises a catalogue of each 
of at least said one device and a respective power draw of 
each Such device, said data processor including a means 
to collect and analyze raw data in real time, from at least 
one of following Sources: 

0050 Smart grid networks 
0051 current sensors 
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0.052 user inputs relating to user-defined budgets 
0.053 user inputs relating to his behaviours and sched 
ules 

0.054 user inputs relating to the function and activities 
of the devices 

0.055 other user information available through a net 
worked device Such as contacts, demographics, etc. 

005.6 GPS and other location signals such as WiFi net 
work IDs, names and signal strengths 

0057 macrogrid outputs from within a population in 
which user belongs 

0.058 television and radio signals 
0059 memory based historical consumption data 
0060 said data processor including means to analyze, 
organize and reformat the raw data and to communicate 
to user based on information acquired from any of the 
Sources; and 

0061 c) a user interface. 
0062. The present invention provides, in yet another 
aspect, a non-transitory processor readable medium storing 
code representing instructions to cause a processor to acquire, 
catalogue and store power consumption data in respect to a 
first energy consumption device (with an energy draw) within 
a premises comprising a plurality of energy consumption 
devices which comprises: 

0.063 a) providing a sensor configured to measure at 
least one desired energy consumption variable associ 
ated with the plurality of energy consumption devices 
(including the first device) within the premises and to 
generate at least one aggregated output signal therefrom; 

0.064 b) configuring a data processor to receive said 
aggregated signal from the sensor, 

0065 c) creating a power profile for the first device by 
instructing a user, via a user interface, to independently 
switch said device between on-off positions (“switching 
set up’), at least one time, to isolate a power draw for 
said device from the aggregated signal, wherein data 
processor recognizes that the first device was selected 
and isolates a differential in the aggregate signal based 
on differing Switch positions during the Switching setup, 
said differential being the energy draw of the first device: 
and 

0.066 d) providing a memory which recallably stores 
the energy draw of the first device in a catalogue. 

0067. In one aspect, such a code comprises instructions to 
create a power profile for a second device by instructing a 
user, via a user interface, to independently Switch said second 
device between on-off positions (“switching set up’), at least 
one time, to isolate a power draw for said second device from 
the aggregated signal, wherein data processor recognizes that 
the second device was selected and isolates a differential in 
the aggregate signal based on differing Switch positions dur 
ing the Switching set up, said differential being the energy 
draw of the second device; and to provide a memory which 
recallably stores the energy draw of the second device in a 
catalogue. 
0068. The method and system of the present invention 
affords many advantages over the systems previously known. 
The use and criticality of the present innovation cannot be 
under-estimated: in order for people to use less energy/elec 
tricity in their homes, they need to have some means to assess 
energy usage and to make real time adaptations in a simple, 
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cost effective way. The present invention, exemplified within 
the systems and methods described and claimed herein, pro 
vides the solution. 
0069. From the perspective of mass data acquisition, at the 
granular level, utilities and power traders are demanding 
granular information in order to assess energy consumption 
and to assess the impacts of such consumption on the elec 
tricity grid in terms of protection, control, cost efficiency and 
power quality issues. 
0070. As such the data analytics in accordance with the 
present invention yield superior demand forecasts by “seg 
menting user profiles and modeling their consumption 
behavior separately using increased input data granularity. 
With access to real time segmented data, accurate short term 
(and long term) demand projections are made more accu 
rately which affords significant cost saving to a utility and 
ultimately to a consumer, whether that consumer be a family, 
a business or a manufacturing operation. 

DESCRIPTION OF THE FIGURES 

(0071. The following figures set forth embodiments in 
which like reference numerals denote like parts. Embodi 
ments are illustrated by way of example and not by way of 
limitation in the accompanying figures. 
0072 FIG. 1 is a schematic showing a smartphone dash 
board (user interface) in accordance with the present inven 
tion; 
0073 FIG. 2 is a schematic showing a sequence of six user 
interface Smartphone dashboards which sequentially illus 
trate the switching set up for an oven; 
0074 FIG.3 is a graph showing real time usage of a device 
overtime in a new device profile i.e. when device switched by 
user for first time; 
0075 FIG. 4 is a graph showing real time usage of a device 
overtime in a new device profile i.e. when device switched on 
and then off by user; 
0076 FIG. 5 is a is a graph showing real time usage of a 
device over time in a new device profile i.e. when device 
switched on and then off by user, but showing unreliability; 
0077 FIG. 6 is graph showing real time usage of a device 
over time in a new device profile i.e. when device switched on 
and then offby user, but showing challenge in observation due 
to noise; 
0078 FIG. 7 is a schematic showing a sequence of three 
user interface smartphone dashboards which illustrate device 
catalogue screenshots; 
0079 FIG. 8 is a schematic showing a user interface 
Smartphone dashboard which illustrates opportunities for 
marketing and promotion in conveyance of information to 
USC. 

0080 FIG. 9 is a graph showing the Mean and Standard 
Deviation over Period Length of One Day and Time-Resolu 
tion of One Hour; 
0081 FIG. 10 is a graph showing Mean and Standard 
Deviation over Period Length of One Week and Time-Reso 
lution of One Day; 
0082 FIG. 11 is a graph showing Monthly Consumption 
Pattern, Demonstrating Continuous Changes over Time; 
0.083 FIG. 12 is a series of graphs showing Daily-Hour 
Patterns; 
0084 FIG. 13 is a series of graphs showing Weekly-Day 
Patterns; and 
0085 FIG. 14 is a graph showing the absence of detection 
Fuzzy Sets; 
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0086 FIGS. 15a to 15e illustrate graphical user interface 
screens in typical interaction sequences between the system 
of the invention, on a mobile device, and a user of Such a 
mobile device. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

0087. A detailed description of one or more embodiments 
of the invention is provided below along with accompanying 
figures that illustrate the principles of the invention. As such 
this detailed description illustrates the invention by way of 
example and not by way of limitation. The description will 
clearly enable one skilled in the art to make and use the 
invention, and describes several embodiments, adaptations, 
variations and alternatives and uses of the invention, includ 
ing what we presently believe is the best mode for carrying 
out the invention. It is to be clearly understood that routine 
variations and adaptations can be made to the invention as 
described, and such variations and adaptations squarely fall 
within the spirit and scope of the invention. 
0088. In other words, the invention is described in connec 
tion with such embodiments, but the invention is not limited 
to any embodiment. The scope of the invention is limited only 
by the claims and the invention encompasses numerous alter 
natives, modifications and equivalents. Numerous specific 
details are set forth in the following description in order to 
provide a thorough understanding of the invention. These 
details are provided for the purpose of example and the inven 
tion may be practiced according to the claims without some or 
all of these specific details. For the purpose of clarity, tech 
nical material that is known in the technical fields related to 
the invention has not been described in detail so that the 
invention is not unnecessarily obscured. Similar reference 
characters denote similar elements throughout various views 
depicted in the figures. 
I0089. Unless specifically stated otherwise, it is appreci 
ated that throughout the description, discussions utilizing 
terms such as “processing” or “computing” or "calculating 
or “determining” or "displaying or the like, refer to the 
action and processes of a data processing system, or similar 
electronic computing device, that manipulates and trans 
forms data represented as physical (electronic) quantities 
within a computer system's registers and memories into other 
data similarly represented as physical quantities within the 
computer system memories or registers or other such infor 
mation storage, transmission or display devices. 
I0090. The algorithms and displays with the applications 
described herein are not inherently related to any particular 
computer or other apparatus. Various general-purpose sys 
tems may be used with programs in accordance with the 
teachings herein, or it may prove convenient to construct 
more specialized apparatus to perform the required machine 
implemented method operations. The required structure for a 
variety of these systems will appear from the description 
below. In addition, embodiments of the present invention are 
not described with reference to any particular programming 
language. It will be appreciated that a variety of programming 
languages may be used to implement the teachings of 
embodiments of the invention as described herein. 
0091 An embodiment of the invention may be imple 
mented as a method or as a machine readable non-transitory 
storage medium that stores executable instructions that, when 
executed by a data processing system, causes the system to 
perform a method. An apparatus, such as a data processing 
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system, can also be an embodiment of the invention. Other 
features of the present invention will be apparent from the 
accompanying drawings and from the detailed description 
which follows. 

Terms 

0092. The term “invention' and the like mean “the one or 
more inventions disclosed in this application', unless 
expressly specified otherwise. 
0093. The terms “an aspect”, “an embodiment”, “embodi 
ment', 'embodiments', “the embodiment”, “the embodi 
ments”, “one or more embodiments', 'some embodiments', 
"certain embodiments”, “one embodiment”, “another 
embodiment” and the like mean “one or more (but not all) 
embodiments of the disclosed invention(s), unless expressly 
specified otherwise. 
0094. The term “variation of an invention means an 
embodiment of the invention, unless expressly specified oth 
erwise. 
0095. The terms “mobile device' or “mobile processing 
device' both refer herein interchangeably to any computer 
(for example desktop or laptop computers), micro-process 
ing device, personal digital assistant, SmartPhone other cell 
phone, tablets and the like. Preferably, devices comprise 
iPhones, iPADS, other devices operating via iOS or MACOS, 
or devices operating on Android OS. 
0096. A reference to “another embodiment’ or “another 
aspect' in describing an embodiment does not imply that the 
referenced embodiment is mutually exclusive with another 
embodiment (e.g., an embodiment described before the ref 
erenced embodiment), unless expressly specified otherwise. 
0097. The terms “including”, “comprising and variations 
thereof mean “including but not limited to’, unless expressly 
specified otherwise. 
0098. The terms “a”, “an and “the mean “one or more', 
unless expressly specified otherwise. 
0099. The term “plurality” means “two or more', unless 
expressly specified otherwise. 
0100. The term “herein” means “in the present applica 

tion, including anything which may be incorporated by ref 
erence', unless expressly specified otherwise. 
0101 The term “habit, as used herein refers to a recur 
rent, conscious or often unconscious pattern of behavior that 
is acquired through frequent repetition and includes custom 
ary manners or practices of the user. 
0102 The term “whereby” is used herein only to precede 
a clause or other set of words that express only the intended 
result, objective or consequence of Something that is previ 
ously and explicitly recited. Thus, when the term “whereby 
is used in a claim, the clause or other words that the term 
“whereby modifies do not establish specific further limita 
tions of the claim or otherwise restricts the meaning or scope 
of the claim. 
0103) The term "e.g. and like terms mean “for example'. 
and thus does not limit the term or phrase it explains. For 
example, in a sentence “the computer sends data (e.g., 
instructions, a data structure) over the Internet', the term 
“e.g. explains that “instructions” are an example of “data' 
that the computer may send over the Internet, and also 
explains that “a data structure' is an example of “data that 
the computer may send over the Internet. However, both 
“instructions” and “a data structure are merely examples of 
“data”, and other things besides “instructions' and “a data 
structure' can be "data'. 
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0104. The term “respective' and like terms mean “taken 
individually’. Thus if two or more things have “respective' 
characteristics, then each Such thing has its own characteris 
tic, and these characteristics can be different from each other 
but need not be. For example, the phrase “each of two 
machines has a respective function' means that the first Such 
machine has a function and the second Such machine has a 
function as well. The function of the first machine may or may 
not be the same as the function of the second machine. 

0105. The term “i.e. and like terms mean “that is, and 
thus limits the term or phrase it explains. For example, in the 
sentence “the computer sends data (i.e., instructions) over the 
Internet', the term “i.e. explains that “instructions are the 
“data” that the computer sends over the Internet. 
010.6 Any given numerical range shall include whole and 
fractions of numbers within the range. For example, the range 
“1 to 10 shall be interpreted to specifically include whole 
numbers between 1 and 10 (e.g., 1, 2, 3, 4, . . . 9) and 
non-whole numbers (e.g. 1.1, 1.2, ... 1.9). 
0107 As used herein “premise' refers to any building or 
structure or environs (interior or exterior) within which there 
are power draws, for example appliances and equipment. In 
one aspect, a premise is a residence. In another aspect, a 
premise is a commercial building or office or factory or insti 
tution. 

0108. As used herein “energy consumption device' 
should be interpreted broadly to refer to any device which 
either draws power or consumes energy. 
0109 As used herein “appliance' should be interpreted 
broadly to refer to any appliance which draws power within a 
premise, for example, a device, tools, a fixture (including 
light fixtures), an apparatus, an electrical Socket etc. . . . As 
used herein, “power draw' or “drawer of power refers to 
both power draw and/or energy consumption. It is to be under 
stood that preferably, a sensor may measure, to perform load 
disaggregation on either or both of power demand and energy 
consumption. Most Smart grids mainly measure and record 
the “energy consumption” even though they are often capable 
of also measuring “power demand”. The unit for power 
demand is often “kW, whereas for energy consumption its 
“kWh (power is to energy as speed is to distance). 
In the present disclosure and claims, the word "comprising 
and its derivatives including “comprises” and “comprise' 
include each of the stated integers but does not exclude the 
inclusion of one or more further integers or elements. 
0110. In essence, the present invention provides systems 
and methods of providing granular consumption information 
to users on "computing platforms (including, but not limited 
to, mobile devices such as Smartphones, tablets, netbooks 
and laptops, as well as non-mobile personal computers). The 
granular consumption information described herein can be 
generated by for example, Smart grid networks, or by custom 
electric consumption sensors (e.g. current sensors, etc.). 
There are also numerous ways to communicate the generated 
data to the end user. For example, this includes the use of the 
Internet, regional wireless communication methods, cellular 
networks, home networks such as Wi-Fi, broadband, Zigbee, 
etc. 

0111 What the present invention provides is a presenta 
tion to a user of rather than raw information, highly func 
tional real time derivatives of such data, which comprise 
actionable information which can be used to maximize 
impact on a users behavior in regards to power consumption. 
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0112. It is well understood that Smart Metering technol 
ogy is available and used today and Such raw data produced 
by Smart Meters can readily be acquired by consumers. The 
method and system of the present invention adds value to that 
raw data and presents it in a highly functional and often 
real-time interactive manner to the user. In other words, there 
is provided a means: i) to provide to a user, within a premises, 
greater personal benefit by installation of the SmartMeter and 
ii) to provide, to utilities and power traders, granular power 
draw information and consumption data. 

Load Disaggregation (LD) 
0113. As used herein, the term “load disaggregation' 
refers: the analysis of changes in the Voltage and current 
going into a premise and deducing what devices/appliances 
are used in the premise as well as the individual energy 
consumption of each. In literature, LD by definition means not 
using individual sensors for each device? appliance, but only 
looking at the aggregate consumption of a premise. The 
present invention provides a method by which a user is 
engaged (to Switch a device on and off, as described herein) in 
order to a) assist in the LD calculation and 2) avoid the 
requirement of sensors on each device. 
0114. This is important for the following reasons: 
0115 1. Using the method and system of the invention, 
one can disaggregate a premise without having to build 
up a lot of historic data. That can take weeks and when a 
user gets a brand new system, he/she wants to be able to 
use it immediately, so that’s an important advantage; 

0116 2. Using the method and system of the invention 
additional information is acquired from the user (e.g., 
name of appliances they have, isolated incidents of those 
appliances being turned on and off, etc.), which infor 
mation can be extremely helpful for disaggregation; 

0117 3. Using the method and system of the invention, 
the accuracy of disaggregation is enhanced, with the 
collection/compilation of new data points (for example, 
isolated on/off incidents, name of appliances in the 
premise); 

0118 4. Existing algorithms, at time, may not be able to 
disaggregate properly at all because of lack of info Such 
as list of existing appliances in a premise, but by using 
the method and system of the invention, it is possible to 
achieve LD in any premise; 

0119) 5. The method and system of the invention are 
deployed with simpler algorithms and less processor 
intensive software. This translates into efficiency and 
cost-effectiveness; 

I0120 6. The method and system of the invention oper 
ates in real-time, which enables many applications for 
utilities and premise owners. 

0121 Load Disaggregation may also be referred to as 
Nonintrusive Load Monitoring or NILM. 
0122. So, in one aspect of the present invention, there is 
provided herein a method of capturing and cataloguing power 
usage such that it can be ascribed to a particular power draw 
(for example, an appliance). Without attaching power sensors 
onto every single appliance in a home, which is expensive and 
cumbersome, it is challenging to make a correlation between 
the raw power usage data and total load into individual appli 
ances. Load disaggregation is assessed by the proprietary 
methods provided herein and therein used to determine the 
energy consumption of individual appliances by monitoring 
only the power demand of the total load. One aspect of the 
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present invention is the ability to accurately load disaggregate 
without the need for multiple appliance sensors. 
I0123. In another aspect, the LD data acquired thereby is 
applied to the methods and systems of power modeling and 
forecasting. 
0.124. There are a variety of LD methods in the literature 
which attempt to estimate a breakdown of consuming appli 
ances, in real-time or otherwise. Such algorithms may require 
Superior hardware (e.g., higher sampling rates), Sophisticated 
algorithms, a thorough database of all device pattern signa 
tures, and an adequate computing platform. Alternative meth 
ods use specialized hardware. Such as "smart plugs.” to be 
installed on each appliance so that each appliance's consump 
tion can be measured separately. 
0.125. It is to be understood that within the method and 
system of the present invention, LD requires a Smart meter or 
equivalent sensor device at the premise to measure an aggre 
gate output signal from the premise but does not require 
appliance specific sensors. Disaggregation is achieved by 
way of a user directed and managed application, applying the 
proprietary method of the invention, as described herein. It is 
to be understood; however, that once LD data for a particular 
consumption device is acquired, catalogued and stored (i.e. a 
power profile for that device is created), additional user input 
with regard to that device is not required. Nonetheless, LD 
data for that device may be used to isolate power draws for 
other devices and to assist in all of the methods of predictions 
and forecasting as provided herein. 

Analysis of Aggregate Signal—No LD Required 

I0126. It is to be understood that not all method and systems 
of the present invention depend upon manual LD but rather, in 
other aspects, there is provided an analysis and breakdown of 
the aggregate signal from a premise. More particularly, this 
latter aspect of the invention involves. i.) receiving said aggre 
gated signal from a sensor; ii) collecting and recording the 
aggregate signal over a plurality of time resolutions and fre 
quencies, iii) creating a predicted aggregate signal pattern for 
each time X and frequency y; vi) detecting changes in the 
predicted aggregate signal pattern at time X an frequency y 
(detected consumption pattern changes). 
I0127. A good illustration of these two independent aspects 
of the present invention (manual LD analysis VS aggregate 
signal analysis) is as follows, with a notification system as an 
example: 

0.128 user wishes to be notified when she has left some 
devices ON by accident (ex: a heater left one as user 
leaves a house) 

0.129 non-LD dependent method and system of the 
invention looks at users total home usage (say it reads 
1200 watts) and compare that to her home usage when 
all unnecessary appliances are off (this is her baseline 
consumption, in this example, 150 watts). So if her home 
reads 1200 watts instead of 150 watts while the user is 
leaving, a device is ON. Using the preferred application 
of the invention, the user will be immediately informed 
(preferably via mobile computing interface) about the 
reading and what it means. 

0.130. A sample message might read “You’re leaving 
your home but you have forgotten to turn everything off. 
Please go back and double check.’ 

0131) Ifan LD or Manual LD protocol was also in place 
in the above example, the user could have also been 
advised that “You’re leaving your home but your heater 
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is still ON. Please go back and turn it off.” In other 
words, LD allows specific granular identification of the 
power consuming device. 

0132) The present invention provides, in one aspect, a 
system for acquiring and storing disaggregated power con 
Sumption data in a premises which comprises: 
a) at least one sensor configured to measure at least one 
desired energy consumption variable associated with a plu 
rality of energy consumption devices within the premises and 
to generate at least one aggregated output signal therefrom; 
b) a data processor configured to receive said aggregated 
signal from the sensor, said processor comprising a means to 
create and update a power profile for each individual device, 
said data processor comprising a memory which comprises a 
catalogue of each of said individual devices and a respective 
power draw of each device. 
0133. It is preferred that the catalogue comprises a data set 
acquired by a process wherein one or more devices is inde 
pendently switched between on-off, at least one time to iso 
late a power draw for said device from the aggregated signal. 
It is to be understood that there is no requirement for every 
single device within a premise to be turned on/off to isolate 
power draws. For example, a fridge can be easily identified 
without the user turning it on/off (which would be hard to do). 
In a further preferred embodiment, the catalogue comprises a 
data set acquired by a set-up process of a sub-set of devices, 
within a premise, wherein one or more devices with that 
subset is independently switched between on-off, at least one 
time to isolate a power draw from the aggregated signal. 
0134. With the scope of the invention, the method further 
comprises the step of acquiring a "delta' for a device within 
a premise (e.e. the difference between its off state and one 
state). The method further comprises, for a device, estimating 
a delta for a device, using ON-OFF-ON sequences (or OFF 
ON-OFF) acquiring a start value and end value, and compar 
ing the start value and end value to assess reliability of the 
estimated delta for the device. 

0135 Having extracted (and thus isolated) a subset of 
devices can improve the disaggregation of other devices as 
well. 

0136. It is preferred that the sensor is selected from the 
group consisting of a current sensor, a Voltage sensor, a tem 
perature sensor, an activity sensor, and an acoustic sensor. 
More than one type of sensor may be employed at a premise. 
0.137 It is preferred that the system additionally comprises 
a communication interface configured for receiving user 
commands and queries, for requesting user input in respect to 
said devices and for transmitting information relating to the 
devices to the user. More preferably, the communication 
interface is selected from wired and wireless communication 
technologies. Even more preferably, the communication 
interface is selected from RS232, USB, Firewire, Ethernet, 
Zigbee, Wifi, Bluetooth, RFJID, wireless USB, cellular, and 
WMAN communication technologies. 
0.138. It is preferred that the processor as provided within 
the present method and system is configured within a mobile 
computing device. More preferably, the mobile computing 
device is selected from the group consisting of a Smartphone, 
tablet, netbook and laptop computer. The processor as pro 
vided within the present system may be configured within an 
In-Home Display (IHD) platform or a home-energy manage 
ment device (for example, some companies are offering their 
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customers tablets for home control including energy manage 
ment). Such devices are operable within the method and 
system of the invention. 
0.139. It is preferred that the sensor is a Smartmeter. It is to 
be understood that this system and method will work with 
only one Smart meter at the premises. 
0140. The present invention provides, in another related 
aspect, a computer implemented method of acquiring, cata 
loguing and storing power consumption data in respect to a 
first energy consumption device (with an energy draw) within 
a premises comprising a plurality of energy consumption 
devices which comprises: 
a) providing a sensor configured to measure at least one 
desired energy consumption variable associated with the plu 
rality of energy consumption devices (including the first 
device) within the premises and to generate at least one aggre 
gated output signal therefrom; 
b) configuring a data processor to receive said aggregated 
signal from the sensor, 
c) creating a power profile for the first device by instructing a 
user, via a user interface, to independently switch said device 
between on-off positions (“Switching set up’), at least one 
time, to isolate a power draw for said device from the aggre 
gated signal, wherein data processor recognizes that the first 
device was selected and isolates a differential in the aggregate 
signal based on differing Switch positions during the Switch 
ing set up, said differential being the energy draw of the first 
device; and 
d) providing a memory which recallably stores the energy 
draw of the first device in a catalogue. 
0.141. It is preferred that step c) comprises a set-up proto 
col which is repeated for a plurality of energy consumption 
devices in the premises to create a catalogue of respective 
energy draws for each device. It is to be understood that the 
set-up protocol need only be done once for each device, with 
thereafter the catalogue comprising the respective energy 
draws for each device. Furthermore, as noted above, it is to be 
understood that there is no requirement for every single 
device within a premise to be turned on/off to isolate power 
draws. 
0142. It is preferred that the sensor is selected from a 
current sensor, a Voltage sensor, a temperature sensor, an 
activity sensor, and an acoustic sensor. It is preferred that the 
data processor additionally comprises a communication 
interface configured for receiving user commands and que 
ries, for requesting user input in respect to said device and for 
transmitting information relating to the device to the user. 
Such communication interface may be selected from wired 
and wireless communication technologies. More preferably 
the communication interface is selected from RS232, USB, 
Firewire, Ethernet, Zigbee, Wifi, Bluetooth, RFJID, wireless 
USB, cellular, and WMAN communication technologies. 
0.143 Preferably, the method of the present invention is 
implemented with a sensor which is a Smart Meter. Prefer 
ably, at step c) of the method described above, the device is 
toggled between on-off positions at the Switching set up more 
than once. 
0144. It is preferred that the user interface employed 
within the method of the present invention provides a graphic 
representation to the user of the differential in power output 
between the toggled Switch positions in respect to said device. 
The user interface preferably provides a graphic representa 
tion to the user of the differential and additionally comprises 
during Switching set up, a prompt to the user to toggle the 
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device between on-off positions up more than once in 
response to noise in the graphic representation. 
0145 Within the method of the present invention, noise is 
preferably removed by way of averaging or median calcula 
tion of the multiple differential measurements for the device 
i.e. repeated Switching or toggling of device between on and 
off positions in response to demand by processor, via user 
interface. 
0146 The present invention provides, in yet another 
aspect, a power consumption and notification system com 
prises: 
a) at least one sensor configured to measure at least one 
desired energy consumption variable associated with at least 
one energy consumption device within a premises and to 
generate at least one aggregated output signal therefrom; 
b) a data processor configured to receive said aggregated 
signal from the sensor, said processor comprising a means to 
create and update a power profile for each at least said one 
device, said data processor comprising a memory which com 
prises a catalogue of each of at least said one device and a 
respective power draw of each Such device, said data proces 
sor including a means to collect and analyze raw data in real 
time, from at least one of following sources: 

0147 Smart grid networks 
0.148 current sensors 
0149 user inputs relating to user-defined budgets 
0150 user inputs relating to his behaviours and sched 
ules 

0151 user inputs relating to the function and activities 
of the devices 

0152 other user information available through a net 
worked device Such as contacts, demographics, etc. 

0153 GPS and other location signals such as WiFi net 
work IDs, names and signal strengths 

0154 macrogrid outputs from within a population in 
which user belongs 

0155 television and radio signals and 
0156 memory based historical consumption data 

said data processor including means to create communica 
tions to user based on information acquired from any of the 
Sources; and 
c) a user interface. 
(O157 Preferably, real time is within a five minute interval 
or less. 
0158 Within one aspect of the present invention, there is 
provided a notification system wherein notifications are pro 
actively presented to users, in a user interface. Such notifica 
tions being generated by the analysis of raw data using the 
system and method of the present invention. In one respect, 
one component of the raw data is acquired by monitoring and 
analyzing user behaviors, and informing them of potential 
actionable information that presents them with immediate 
value, including saving potential, safety and security 
improvement, etc. 
0159. Another aspect of the present invention provides a 
means to engage users proactively in power measurement and 
monitoring. It is necessary to ensure minimum user effort and 
investment for harvesting the value of data. To require users to 
actively open the application to receive feedback may be 
detrimental to that objective. Therefore, in a preferred form, 
notifications provided to a use, at any given user interface, are 
be used to provide the value to users proactively. The notifi 
cations are generated based on external events or user-con 
figured internal schedules. The notifications may be gener 
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ated by external processors and pushed to the computing 
platform, or it could be the result of evaluations performed on 
the computing platform itself. 

Applications on Mobile Devices 
0160 Mobile devices and networking technologies have 
transformed many important aspects of everyday life. Mobile 
devices, such as Smart phones, other cell phones, personal 
digital assistants, enterprise digital assistants, tablets and the 
like, have become a daily necessity rather than a luxury, 
communication tool, and/or entertainment center, providing 
individuals with tools to manage and perform work functions 
Such as reading and/or writing emails, setting up calendaring 
events such as meetings, providing games and entertainment 
aspects, and/or store records and images in a permanent and 
reliable medium. The internet has provided users with virtu 
ally unlimited access to remote systems, information and 
associated applications. 
0.161. As mobile devices and networking technologies 
have become robust, secure and reliable, ever more consum 
ers are shifting paradigms and employing these technologies 
to undertake and create opportunities for meaningful data 
collection and use. It is within the backdrop that the system 
and method of the present invention was developed. 
0162. In a preferred aspect of the present invention, a user 
creates a power profile for an energy consumption device (for 
example an appliance) by way of an application on a mobile 
processing device which application may be pre-installed on 
mobile devices during manufacture or can be downloaded by 
users/customers from various mobile software distribution 
platforms, or web applications delivered over, for example, 
HTTP which use server-side or client-side processing (for 
example, JavaScript) to provide an “application-like' expe 
rience within a Web browser. Within the scope of the present 
invention, users of mobile processing devices download an 
application to enable the text/video/audio engagement, as 
described herein (the “PowerTab App). 
0163 To install a mobile device application, a user will 
typically either drag and drop an icon to the device or click a 
button to agree to the installation. Uninstalling one is also 
straightforward, and typically involves deleting or dragging 
the icon away from the device. When a user uninstalls a 
mobile device application, he or she may also lose all the data 
relating to it because, in many cases, it is not stored separately. 
The number of applications that can be installed on a single 
phone depends on the phone's memory. 
0164. In another embodiment, the system and method 
according to the invention may be used with a web site oper 
ated on a server, accessible over the Internet by users using 
computer systems, who may upload data, search, view and 
post content on the web site and have an ability to view 
content posted on the web site by other users of the applica 
tion. 
0.165. The web site is a collection of web pages, hosted on 
one or more servers. Users typically connect to web site on the 
Internet using hyperlinks, also referred to as links. By click 
ing on a link, a user directs a browser operating on computer 
system to open a window on the monitor of the computer 
system showing the web site associated with the link. Typi 
cally users must register with web site. 
0166 Such a registration system may include obtaining 
information about the user Such as his/her name, email 
address, geographic information, such as address, or country 
of residence, and the like. Once registered, users can log on to 
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web site using a user name and password, which are provided 
by server or selected by the user on registration. The user will 
also be provided a personal web page at web site at which they 
can upload and display content, preferences and their data 
related to his/her premise. 
0167 Preferably, the server has a database which stores 
the web site, the content thereon, associated web pages, 
records about each user and the content, and information 
about each link. When a user visits the home page, they may 
log in, if they are a registered user. If they are not a registered 
user, they may be unable to access certain features of the web 
site, but server records the IP address of the unregistered user, 
and offers the unregistered user an opportunity to register. 
0168 While there are likely other smart-grid apps in the 
market with Smartphone notification features, the system and 
method of the present invention differ in that they preferably 
provide: 

0169 Proactive notifications to provide users with bud 
geting feedback. Using algorithms as provided herein, 
user's real-time consumption can be evaluated within 
the objective of a user-defined desired budget, and feed 
back could be provided to users to indicate over con 
Sumption (negative feedbacks) or achievements (posi 
tive feedbacks). 

0170 Proactively reminding users if they have acciden 
tally left an appliance/device on, when they leave their 
house. The feedback to user can include any or all of the 
following: a breakdown of the devices left on by acci 
dent, the consequences of it in terms of dollars or envi 
ronmental effects, etc. . . . 

0171 Additional data such as a users away hours 
based on their usual consumption may be determined 
and Such data acquired, stored and analyzed, based 
upon, for example, the monitoring of specific triggers in 
real-time consumption to perceive whether users are 
about to leave or have just left home, or by requesting 
additional information from users, or by considering 
additional information available on user's computing 
platform. This latter includes GPS signals for instance. 
In particular, one preferred power external signal is the 
Wi-Fi range and availability, which could accurately 
estimate user's position with regards to their home. All 
of the above information can be used independently or 
together inside a probabilistic platform to improve 
detection accuracy. 

0172 All of the above analyses may be implemented on 
a mobile computing platform, or on a remote server and 
then pushed to the mobile platform. 

0173 A user is informed using the notifications, as he 
prepares to leave a premises, is about to leave, or has 
recently left. 

0.174. A user can be proactively informed of devices he 
has left on when he goes to bed. Data is incrementally 
gathered (on for example, typical Monday to Friday 
sleep and waking periods of a user) and it is thereafter 
possible to learn a user's bedtime behaviors based on the 
consumption data, or through data acquired directly or 
indirectly from the mobile platform (e.g. platform being 
docked or plugged in which often occurs at the bedtable, 
an alarm being set, etc.). 

0.175 Other than excess consumption, leaving devices 
on by accident could have safety ramifications. Items 
Such as clothing iron, hair iron, oven, etc. could cause 
various damages if left on by accident over an extended 
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period. The notification system in this app can be used to 
inform users of Such mistakes and warm them of pos 
sible consequences. 

0176). Using home automation systems, the intelligent 
algorithms used in implementing the method of the 
present invention can be used not only to provide noti 
fication to users, but also to act automatically or based on 
user response to turn off devices if necessary. 

0177. Using home automation systems, the intelligent 
algorithms used in implementing the method of the 
present invention can be used not only to provide noti 
fication to users, but also to provide notifications to other 
appliances and devices regarding the user behavior: e.g., 
turn on the coffee maker when the user wakes up in the 
morning, or adjusting thermostats as user wakes up, 
leaves home, or is about to return home 

0.178 Notifications on a mobile platform could also be 
used for providing security feedback to users. Unusual 
changes in consumption when users are expected to be 
away could be an indication of intrusion. The user could 
be away for work, or away for an extended period for 
holidays, and could set this feature as an additional 
security warning. This, too, can be presented to users via 
notification, or it could be provided to them via text 
messaging, email, or other forms of communication. It 
could also be used to complement existing security sys 
tems by providing them with additional indicator sig 
nals. 

0.179 The detection of various events similar to ones 
discussed above could be a source of information that is 
shared with other applications on the computing plat 
form, or sent over the internet to be used for other ser 
W1CS 

0180. As an alternative to “external notifications’, con 
Sumption feedback in accordance with the present 
invention can be provided to users using spaces on any 
particular interface with which they most frequently 
interact. This includes a home screen, a lock screen on 
mobile platforms, notification bars at the edges of a 
screen, to name a few. The information within these 
spaces is made available to users proactively as they use 
their computing platform, without requiring users to 
open any specific application. Examples include home 
Screen widgets. Another example is using simple visual 
cues such as changing the color of the time or clock 
text/icon on the screen, to reflect the current electricity 
rate in Time-of-Use Billing regions. For instance, a high 
temperature color (e.g. red) on the clock could indicate 
high cost of consumption, or current high consumption 
by user, or user exceeding budget, or a combination of 
those. 

Device Interface 

0181 FIG. 1 illustrates a graphic representation of a pre 
ferred user interface “front page 10 presenting easy to read 
consumption data to users. A centre meter 12 depicts power 
consumed to date 14, hourly use information 16 and budget 
target pointer 18. The latter may be manipulated and dynami 
cally updated by user as desired. 

Device Profiling 

0182 While there are numerous hardware tools to esti 
mate electronic device consumption/cost, the method and 
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system of the present application requires no device-specific 
hardware and relies solely on granular consumption data. The 
method involves monitoring the changes in real-time con 
Sumption rate, and correlating that to specific appliances 
using limited user input, and finally presenting the informa 
tion to user in actionable and understandable ways. 
0183 There are a variety of load-disaggregation meth 
ods in the literature which attempt to estimate a breakdown of 
consuming appliances, in real-time or otherwise. Such algo 
rithms often require Superior hardware (e.g., higher sampling 
rates), Sophisticated algorithms, a thorough database of all 
device pattern signatures, and an adequate computing plat 
form. Alternative methods use specialized hardware. Such as 
“Smart plugs.” to be installed on each appliance so that each 
appliance's consumption can be measured separately. Attach 
ing Smart plugs to all devices in a premises could cost thou 
sands of dollars. 
0184 The value of this work is its ability to accurately 
estimate individual device consumptions with minimum data 
samples, and by taking advantage of simple and quick inputs 
from the user. No additional hardware or sophisticated com 
puting is required beyond the one metering sensor. The 
method of the present invention is implemented on mobile 
platforms to allow users to quickly catalogue their house 
hold (devices and the energy draw of each device) using a 
simple and user friendly means. 
0185. A user is provided with a device profiling wizard 
that provides a means to catalogue Some or all devices within 
a household (also referred to herein generically as a “pre 
mises') by estimating consumption of a set of devices. As 
used herein, the term "wizard' is a coined term to refer to the 
combination of at least the processor, interface and memory, 
in accordance with the system of this invention The wizard, in 
a preferred form, requires the user to turn the device switch on 
at least once and in Some instances multiple times, to allow 
the algorithm to observe the consumption changes caused by 
the device. Alternatively, the wizard could be triggered auto 
matically when noticeable consumption changes are 
observed, to ask user to identify the source. 
0186 The wizard process can also ask users for a limited 
set of additional information Such as device classification, or 
more detailed information Such as timing and length of the 
periods of usage of the device (e.g., minutes and hours per 
day, days per months, etc.). 
0187 Consumption rate is monitored continuously in 
real-time, to observe changes made by individual devices. 
The consumption data could be taken multiple times per 
second, or as few as once every few minutes. The data may be 
communicated to the computing platform in real-time or with 
delay, one at a time or in bursts. 
0188 Referring to FIG. 2, the sequential steps of device 
set up are illustrated. An oven is selected as the device to 
profile in interface pane c) and the system previous to Such 
selection, had prompted user to turn the switch of the device 
at interface panea). Between panesa) and d) where the use is 
instructed to turn Switch again, system communicated with 
sensor and acquired power reading measurements from a 
sensor Such that a differential reading of input between steps 
a) and d) could be attributed to the power draw of the oven. 
0189 In operation, at FIG. 2a) the application (app) wiz 
ard prompts the user to turn the device switch for the 1 time. 
At b) and c), the app wizard prompts user to input device 
information while real-time consumption measurements are 
being taken in the background. At d), the app wizard prompts 
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the user to turn the switch for a 2" time. At e) and f), the user 
is requested to confirm device usage info estimated based on 
device category, while the app takes final usage measure 
ments. Once user inputs the information and final usage mea 
Surements are taken, user can save the result into his/her 
catalogue 
(0190. Referring to FIG. 3, there is depicted a real-time 
usage graph showing usage cost after user turns a device on 
for the first time. 
0191 Referring to FIG. 4, it can be seen that a user could 
turn the switch once or multiple times to provide additional 
information for improving accuracy and reliability of the 
resulting estimate. The step of turning a device on and off at 
least once is referred to herein as “switching set up”. The user 
may be asked to confirm when the switch is turned, in order to 
provide the system with more information to help it identify 
the consumption changes of interest, and associate them with 
the user-intended device. Alternatively, the system could also 
monitor and detect Sudden consumption changes, and avoid 
asking user for flagging the timing. This helps simplify the 
process for user. 
0.192 There are a number of measures, which can be 
implemented fully in accordance with the present invention, 
to evaluate the confidence and accuracy in the resulting 
device consumption estimate. The confidence result can be 
reported to user, or can be used to compensate for the error, or 
to discard the unreliable device cost estimation results. 
0.193) One way to estimate reliability of the a) the infor 
mation regarding the energy draw of a selected device and b) 
the device cost estimation, is by an additionally step of having 
user to turn device Switch more than once. Observing mul 
tiple triggers helps the system observe consistency in the 
measurements, and use averaging to remove noise, etc. The 
scenario in which an unknown device is turned on uninten 
tionally—while the device profiling Wizard is in progress, is 
illustrated in FIG. 5. As a result, the usage measurements 
before turning the device on are not the same as when the 
device is turned back offagain. This inconsistency shows lack 
of reliability in the cost estimation results. In accordance with 
a preferred method of the present invention, this problem is 
addressed by input of multiple triggers during Switching set 
up. 
0194 FIG. 6 illustrates another way to evaluate the reli 
ability of such cost estimation wherein noise and deviation in 
the measurement data is evaluated before and/or after the 
device profiling Wizard process. Noisy environment can be 
reported to user, or the potential accuracy in the device cost 
can be presented, or the Wizard can disable new device pro 
filing process in presence of excessive noise, or finally, the 
Wizard can take additional measurement samples in order to 
compensate for the noise using noise removal techniques 
Such as averaging or median. A noisy environment is demon 
strated in FIG. 6 in for the same scenario presented previ 
ously. 
0.195 Statistical formulations can be used to remove noise 
and outliers in the measurements. In addition, probabilistic 
frameworks are used to evaluate exact timings at which the 
device is triggered and associate that with the device that the 
user intended to evaluate. 
0.196 FIG. 7 illustrates an interface showing the catalogu 
ing of devices/appliances wherein a) shows a list of all pro 
filed devices and their consumption; b) shows specific Social 
information can be presented about each device (e.g., how 
much the community pays on average for the energy usage of 
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a similar device) and c) shows an alternative graphical repre 
sentation for the catalogued devices. 

Cataloguing 

0197) Using the aforementioned Device Profiling process, 
users can create a Snapshot of their household consumption 
by estimating consumptions of multiple devices. This is 
referred to as cataloguing. The result of the Device Profiling 
process can be presented to users using understandable 
graphical representations such as pie charts, etc. The repre 
sentations can demonstrate the breakdown of the current real 
time consumption rate, or the breakdown of utility bills, or the 
breakdown of daily, monthly or annual consumption/spend 
ing, etc. Environmental metrics can also be used. 
0198 The cataloguing data can be used in a social context, 
by permitting users to share info with others. Additionally, the 
Social component can be used to provide further actionable 
and understandable feedback to users by performing com 
parisons to neighbors, community, and friends. 
0199 FIG. 8 illustrates that the cataloguing information 
can be used for consumer analytics Such as defining and 
classifying user demographics, modeling user consumption 
behavior, consumer bill/consumption forecasting, etc. . . . 
Home cataloguing can also be used for large scale analytics— 
utilities, power traders, regulators. For example, the house 
cataloging information and the resulting refined demographic 
classification can be used in demand load forecasting and 
regional usage breakdowns. 
0200. The additional information generated by the user 
through the home cataloguing process can be used to for 
target advertisement and communication, by retailers, utili 
ties, governing bodies, etc. to offer product, services, promo 
tions or education to specific class of users with clear need or 
interest. 

Social 

0201 A social aspect and application of the method and 
system of the present invention involves using information 
gathered about a user of the application to create more value 
by presenting data in more tangible and actionable ways. The 
user data is driven from their consumption habits, mobile 
computing information, or direct inputs by the user in the app. 
Following use cases showcase the potential applications for 
this: 
0202 Connect users to people in similar regions or demo 
graphics, to exchange information on consumption and Sav 
ing. 
0203 Gather user generated content (articles, comments, 
questions, feedback), as well as professional content, and 
present them to users based on intelligent targeting strategies 
(e.g., based on user profile, demographic, consumption, and 
even home catalogue information). For instance, a user with 
high heating consumption is presented with Suggestions and 
feedback from other users who successfully reduced their 
high heating consumption. 
0204 Show how other users in one’s community, city, 
demographic or social circle consume power (overall or time 
and device specific), as well as how and why some do better 
than others. 
0205 By complementing existing popular events such as 
Earth Day, or by introducing new similar collective experi 
ences, users are formed into a collective and their affect is 
made visible and tangible to them using the information gath 
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ered by the app. The collective includes users own social 
peers or complete Strangers from outside their network or 
community. The app provides users with a feedback on en 
masse movements to reduce consumption or improve behav 
ior. This could include real-time feedback as events like 
Earth-day occur, to demonstrate the en-masse savings and 
conservation, the environmental impact, etc. 
0206 Similar to above, 
0207 Connect users to people in similar regions or demo 
graphics, to exchange information on consumption and sav 
ing. 
0208 Gather user generated content (articles, comments, 
questions, feedback), as well as professional content, and 
present them to users based on intelligent targeting strategies 
(e.g., based on user profile, demographic, consumption, and 
even home catalogue information). For instance, a user with 
high heating consumption is presented with Suggestions and 
feedback from other users who successfully reduced their 
high heating consumption. 
0209 Show how other users in one’s community, city, 
demographic or social circle consume power (overall or time 
and device specific), as well as how and why some do better 
than others. 
0210. Furthermore, a basic social application will assist 
users in shared-living spaces, to create collective conserva 
tion objectives, to identify consumption Sources and to split 
bills. 

Aggregated Analysis 

0211. In addition to real-time or near real-time user con 
Sumption with a frequent sampling interval, a mobile or tablet 
platform application may capture additional user information 
that could be useful for data analytics on a larger scale. The 
information includes—but is not limited to—name and 
address, age, sex, location, contacts, etc. Such information 
can be used for creating more accurate demographic profiles 
and to classify each user under the appropriate profile. The 
profiling of user demographics and the specific user informa 
tion can be used in addition to the user consumption data, to 
create more accurate consumption models and forecasts, and 
to provide feedback to third parties such as utilities, power 
retailers, power traders, etc. All the above data from a sam 
pling of users in a community can be used to create regional 
and aggregate data analytics for various analytics applica 
tions such as load demand forecasting, energy theft, etc. 

Data Acquisition 

0212 New Smart meter technology is rapidly being intro 
duced to the industry to facilitate time-of-use metering at 
residences, permitting utilities to charge for electrical usage 
dependent upon the time of use and for consumers to take 
advantage of times at which a lower cost is assessed to the use 
of electricity. The means to measure at least one desired 
energy consumption variable associated with a plurality of 
energy consumption devices within the premises and to gen 
erate at least one aggregated output signal therefrom is pref 
erably be a smart meter. 
0213. In one aspect, the system and method may be imple 
mented using a mobile computing device which aggregates 
and analyzes data from a Smart meter or other similarly func 
tioning sensor product and enables viewing of the compiled 
and enhanced data by a viewer via an interface. In one aspect, 
the system additionally comprises one or more network man 
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agers which aggregate and relay the data from a data storage 
system to a server and wherein said server enables viewing of 
the data by a viewer via an interface and wherein said inter 
face is selected from the group consisting of a desktop com 
puter, a laptop computer, a hand-held microprocessing 
device, a tablet, a Smartphone, iPhone(R), iPad(R), PlayBook.(R) 
and an Android R. device. Those skilled in the relevant art will 
appreciate that the invention can be practiced with many 
computer configurations, including hand-held devices, mul 
tiprocessor Systems, microprocessor-based or programmable 
consumer electronics, personal computers (“PCs'), network 
PCs, mini-computers, mainframe computers, and the like. In 
one aspect, the measurement data is communicated wire 
lessly on a peer-to-peer network to a central network man 
ager. In one aspect, the measurement data is collected in situ 
from network managers or sensors including but not limited 
to current monitoring sensors that are used to estimate power 
consumption. This can be achieved by workers on site either 
on the ground or using a bucket truck. In one aspect, the 
system comprises more than three sensor nodes. In one 
aspect, the system may be temporarily field deployable on 
one or more Supply line electrical wires and then moved and 
reset on other supply line electrical wires without the require 
ment of any wire splicing for Such deployment and re-deploy 
ment. 

0214 Within the scope of the present invention, data 
acquisition, compilation, and analysis may preferably be con 
trolled by a computer or microprocessor. As such, the inven 
tion can be implemented in numerous ways, including as a 
process, an apparatus, a system, a computer readable medium 
Such as a computer readable storage medium or a computer 
network wherein program instructions are sent over optical or 
communication links. In this specification, these implemen 
tations, or any otherform that the invention may take, may be 
referred to as systems or techniques. A component such as a 
processor or a memory described as being configured to per 
form a task includes both a general component that is tempo 
rarily configured to perform the task at a given time or a 
specific component that is manufactured to perform the task. 
In general, the order of the steps of disclosed processes may 
be altered within the scope of the invention. 
0215. The following discussion provides a brief and gen 
eral description of a suitable computing environment in 
which various embodiments of the system may be imple 
mented. In particular, this is germane to the network manag 
ers, which aggregate measurement data and downstream to 
the servers which enables viewing of the data by a user at an 
interface. 

0216 Although not required, embodiments will be 
described in the general context of computer-executable 
instructions, such as program applications, modules, objects 
or macros being executed by a computer. Those skilled in the 
relevant art will appreciate that the invention can be practiced 
with other computer configurations, including hand-held 
devices, multiprocessor systems, microprocessor-based or 
programmable consumer electronics, personal computers 
(“PCs'), network PCs, mini-computers, mainframe comput 
ers, and the like. The embodiments can be practiced in dis 
tributed computing environments where tasks or modules are 
performed by remote processing devices, which are linked 
through a communications network. In a distributed comput 
ing environment, program modules may be located in both 
local and remote memory storage devices. 
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0217. A computer system may be used as a server includ 
ing one or more processing units, system memories, and 
system buses that couple various system components includ 
ing system memory to a processing unit. Computers will at 
times be referred to in the singular herein, but this is not 
intended to limit the application to a single computing system 
since in typical embodiments, there will be more than one 
computing system or other device involved. Other computer 
systems may be employed. Such as conventional and personal 
computers, where the size or scale of the system allows. The 
processing unit may be any logic processing unit, such as one 
or more central processing units ("CPUs), digital signal 
processors (“DSPs), application-specific integrated circuits 
(ASICs'), etc. Unless described otherwise, the construction 
and operation of the various components are of conventional 
design. As a result, such components need not be described in 
further detail herein, as they will be understood by those 
skilled in the relevant art. 
0218. A computer system includes a bus, and can employ 
any known bus structures or architectures, including a 
memory bus with memory controller, a peripheral bus, and a 
local bus. The computer system memory may include read 
only memory (“ROM) and random access memory 
(“RAM). A basic input/output system (“BIOS), which can 
form part of the ROM, contains basic routines that help trans 
fer information between elements within the computing sys 
tem, Such as during startup. 
0219. The computer system also includes non-volatile 
memory. The non-volatile memory may take a variety of 
forms, for example a hard disk drive for reading from and 
writing to a hard disk, and an optical disk drive and a magnetic 
disk drive for reading from and writing to removable optical 
disks and magnetic disks, respectively. The optical disk can 
be a CD-ROM, while the magnetic disk can be a magnetic 
floppy disk or diskette. The hard disk drive, optical disk drive 
and magnetic disk drive communicate with the processing 
unit via the system bus. The hard disk drive, optical disk drive 
and magnetic disk drive may include appropriate interfaces or 
controllers coupled between such drives and the system bus, 
as is known by those skilled in the relevantart. The drives, and 
their associated computer-readable media, provide non-vola 
tile storage of computer readable instructions, data structures, 
program modules and other data for the computing system. 
Although a computing system may employ hard disks, optical 
disks and/or magnetic disks, those skilled in the relevant art 
will appreciate that other types of non-volatile computer 
readable media that can store data accessible by a computer 
system may be employed. Such a magnetic cassettes, flash 
memory cards, digital video disks (“DVD), Bernoulli car 
tridges, RAMs, ROMs, smart cards, etc. 
0220 Various program modules or application programs 
and/or data can be stored in the computer memory. For 
example, the system memory may store an operating system, 
end user application interfaces, server applications, and one 
or more application program interfaces (APIs). 
0221) The computer system memory also includes one or 
more networking applications, for example a Web server 
application and/or Web client or browser application for per 
mitting the computer to exchange data with sources via the 
Internet, corporate Intranets, or other networks as described 
below, as well as with other server applications on server 
computers such as those further discussed below. The net 
working application in the preferred embodiment is markup 
language based. Such as hypertext markup language 
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(“HTML'), extensible markup language (XML) or wire 
less markup language (WML), and operates with markup 
languages that use syntactically delimited characters added to 
the data of a document to represent the structure of the docu 
ment. A number of Web server applications and Web client or 
browser applications are commercially available, such those 
available from Mozilla and Microsoft. 
0222. The operating system and various applications/ 
modules and/or data can be stored on the hard disk of the hard 
disk drive, the optical disk of the optical disk drive and/or the 
magnetic disk of the magnetic disk drive. 
0223) A computer system can operate in a networked envi 
ronment using logical connections to one or more client com 
puters and/or one or more database systems, such as one or 
more remote computers or networks. A computer may be 
logically connected to one or more client computers and/or 
database systems under any known method of permitting 
computers to communicate, for example through a network 
such as a local area network (“LAN”) and/or a wide area 
network (“WAN”) including, for example, the Internet. Such 
networking environments are well known including wired 
and wireless enterprise-wide computer networks, intranets, 
extranets, and the Internet. Other embodiments include other 
types of communication networks Such as telecommunica 
tions networks, cellular networks, paging networks, and other 
mobile networks. The information sent or received via the 
communications channel may, or may not be encrypted. 
When used in a LAN networking environment, a computer is 
connected to the LAN through an adapter or network inter 
face card (communicatively linked to the system bus). When 
used in a WAN networking environment, a computer may 
include an interface and modem or other device. Such as a 
network interface card, for establishing communications over 
the WAN/Internet. 
0224. In a networked environment, program modules, 
application programs, or data, or portions thereof, can be 
stored in a computer for provision to the networked comput 
ers. In one embodiment, the computer is communicatively 
linked through a network with TCP/IP middle layer network 
protocols; however, other similar network protocol layers are 
used in other embodiments, such as user datagram protocol 
(“UDP). Those skilled in the relevant art will readily recog 
nize that these network connections are only some examples 
of establishing communications links between computers, 
and other links may be used, including wireless links. 
0225. While in most instances a computer will operate 
automatically, where an end user application interface is pro 
vided, a user can enter commands and information into the 
computer through a user application interface including input 
devices, such as a keyboard, and a pointing device, such as a 
mouse. Other input devices can include a microphone, joy 
Stick, Scanner, etc. These and other input devices are con 
nected to the processing unit through the user application 
interface, such as a serial port interface that couples to the 
system bus, although other interfaces, such as a parallel port, 
a game port, or a wireless interface, or a universal serial bus 
(“USB) can be used. A monitor or other display device is 
coupled to the bus via a video interface. Such as a video 
adapter (not shown). The computer can include other output 
devices, such as speakers, printers, etc. 
0226. It is to be understood that the method and system of 
the present invention include not just the aforementioned 
benefits of simple and inexpensive device disaggregation, 
power consumption monitoring, user-friendly notifications 
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and power data monitoring. Within another key aspect of the 
present invention, methods and systems of Smart budgeting 
are provided. So, the present invention further comprises a 
budgeting method and system which allows each user to 
specify a target budget for their billing period. The analysis 
provides users with real-time feedback as to whether their 
consumption habits are likely to meet their desired budget. 
0227. The simplest way to approach budgeting is to divide 
the total budget by the number of hours in the billing cycle, 
and inform the user when their hourly consumption goes 
beyond the pre-defined hourly budget. However, this method 
would not provide users with much beneficial feedback 
because the users require different amounts of electricity at 
different hours and days. For instance, if the amount of allo 
cated budget for 5 PM is the same as 5 AM, the user will 
always appear to be over-consuming (i.e., 
consumption>budget) at 5 PM, and under-consuming (i.e., 
consumption<budget) at 5 AM. 
0228. The Smart Budgeting (SB) method and system as 
described herein, on the other hand, provides users with a 
more intelligent and practical feedback. At each hour, the 
allocated budget is determined using the following variables: 
a) How much of the budget is left to be consumed (subtract the 
money spent so far in the billing period, from the total bud 
get). 
b) The forecasted consumption for this day and hour. 
c) The total forecasted consumption in the remaining portion 
of the billing cycle. 
d) The observed deviation in user's consumption for the cur 
rent day and hour. 
0229. The Smart Budgeting system and method of the 
present invention is capable of taking into account the fact 
that hours with higher consumption amount and higher con 
Sumption deviation represent better opportunities for users to 
conserve energy. 
0230. In operation, Smart Budgeting in accordance with 
the present invention may be illustrated (by way of example) 
as follows: 
0231. The given data for analysis: 
The closing date of the billing cycle 
Hourly readings of user's consumption over the previous 
months 

Performance Evaluation 

0232 Running the algorithm over user's previous months 
of consumption, the algorithm performance can be measured 
by comparing the forecast value to the actual billing cost of 
the corresponding period. 

iP 

BF = X F. 
iP 

ep = |Br - Bel=X (F), - c 
iP 

where C is the hourly consumption, F is the hourly forecast, 
B is the real billing cost, B is the forecasted bill, P is the 
billing period, and E is the forecast error of the given period. 
0233 Choosing different billing cycle closing dates would 
result in different error values. Herein provided is a perfor 
mance evaluation method in which the outcome depends only 
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on the forecast algorithm itself, and not the billing period. 
Hence, the present method uses the above method over all 
possible billing periods (i.e. starting at every single day in the 
entire data): 

P = X e. 
WPEC 

where PI is the Performance Index. The lower the PI, the more 
accurate the forecast algorithm. 
0234. The PI can be calculated for all available load pro 

files. Whether designing, improving or comparing forecast 
algorithms, the ultimate intention is to minimize PI which in 
turns leads to more accurate forecast bills. 
0235 PI can be obtained for different billing cycle lengths 
(e.g. a week long, a month long, or a two month billing cycle). 
In general, it has been observed that as the billing cycle grows 
the PI increases exponentially. 
0236. It is worth noting that the forecast made at the begin 
ning of a two-month billing period is basically the worst case 
scenario and it is likely to create the most inaccurate result. As 
the time moves forward, the length of the period over which 
we forecast shrinks, and the length of the time for which 
actual readings are used grows. Consequently, by the end of 
the billing period, the value presented as “forecast bill’ con 
sists mostly of actual readings rather than forecast values. 
Therefore, the accuracy increases as the time passes. 

Principles 

0237 Based on the examined household load profiles, it 
can be shown that there are very little common behavioral 
features among different electricity users. However, a single 
user does demonstrate behavioral patterns over the course of 
time. The objective of the forecast algorithm, as applied 
within the system and method of the invention, is to utilize a 
pattern recognition system to exploit this fact. Hence, an 
unsupervised learning approach is Suggested based on statis 
tical analysis. 
0238 Patterns can be found in different frequencies and 
time-resolutions. For instance, a pattern can be found in hours 
of every day—time-resolution of an hour, period length of a 
day (FIG. 1); another example is detecting a pattern in days of 
a week—time-resolution of a day, period length of a week 
(FIG. 2). 
0239 While multiple patterns can exist simultaneously, 
the combination of patterns varies for different households. 
For instance, while one user may demonstrate a very strong 
hourly behavior every day, another user may not demonstrate 
a clear hourly pattern at all. Nevertheless, the same two users 
might have strong weekly-day patterns. Consequently, the 
present invention provides a method and system which can 
analyze all possible patterns and extract and only the appro 
priate ones for each user. 
0240. To make the matter more complicated, on a single 
frequency, a user might demonstrate a behavioral pattern in 
parts of the period length, and no behaviorat all in the remain 
ing. For instance, most users have a very strong behavior over 
sleeping hours (highly repeating, low deviation), but no clear 
behavior during the daytime (non-repeating, high deviation). 
FIG. 1 demonstrates this fact as the deviation in early hours of 
a day is rather minimal, while the deviation of the later hours 
of the day varies significantly. Therefore, the forecast algo 
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rithm should be able to integrate the detected patterns in the 
highest time-resolution (smallest values for defined below), 
and for each time unit in the future use their strongest patterns 
to make a forecast. To demonstrate this in FIG. 1 and FIG. 2, 
the forecast value for 5 AMTuesday should be entirely based 
on the pattern in FIG. 1; the forecast value for 3 PM Thursday 
should be mostly based on the pattern in FIG. 2; and the 
forecast value for 1 AM Wednesday should take advantages 
of the both patterns. 

Pattern Analysis 

0241. As noted above, patterns exist in different frequency 
and time-resolutions. The consumption data, provided in C. 
resolution, is presented by C': 

0242. The first step, then, is to take this data to the correct 
time-resolution for the pattern of interest, B: 

0243) Note that BC, since the desired pattern resolution is 
never smaller than the original data's resolution. Next, the 
mean (LL) is calculated and the deviation (s) of each B-sized 
time interval (t), within the period length P. 

for t = 1 P. d d = N || N or i=1, and d = P. a. =l. 
f3 

1 d-l 

il F iX. Cain 
i=0 

1 2 
St 1 (Cal - it.) 

i=0 

0244. A more algorithmic way of representing L and S is: 

P. 1 1 

{ i:i96 = t it, = iX. C. S, = at X - 

0245. A forecast of the future consumption can be made 
based on the mean and standard deviation. While a low stan 
dard deviation(s) indicates a highly repetitive behavior in the 
given time resolution and offset, a high deviation indicates no 
significance pattern. 
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0246. Once the standard deviation is acceptable at the TABLE 3-continued 
given time-intervalt of 1/Pfrequency, the mean value (LL) can 
be used as the prediction of the users future behavior at the Calculated Mean and Standard Deviation 
same time-interval of future periods. t l S 

Pattern Analysis Example 5 (Tue) 51.90 20.4 
6 (Wed) 54.53 2.28 

0247 The following section demonstrates an example of 7 (Thr) 59.54 1.69 
the above steps. Using an hourly data provided for a period of 
a month (N=720 hours), the behavioral pattern over days of a 
week are investigated (resolution: 1 day or 24 hours, period 0249. As shown in previously in FIG. 2, the above load 
length P=1 week or 168 hours). profile demonstrates a strong repeating behavior on Wednes 
Table 1 shows a portion of the raw data ref: LMSFD E (ID day and Thursdays (S. 2.28, S-1.69), while the behavior 
2002282), 30 Jun. 2006 to 29 Jul. 2006 C', where C-1 hour. on Tuesdays is the least predictive (s =2). Therefore, if a 

TABLE 1 

Raw Consumption Data, Resolution: Hours 

OSS O.S3 O.S7 O.S9 O.S4 O.S4 OSS O.S7 17O O.86 2.03 1.61 1.52 1.44 S.27 
4.82 3.41. 4.46 2.23 4.67 7.07 S.38 3.7S 1.56 1.39 1.05 0.65 0.77 O.S.S. O.S8 
O.S4 2.35 3.91 1.17 2.70 1.SS 1.6S 1.38 4.34 340 1.29 1.3S 1.53 3.79 7.07 
3.35 3.91 124 1.SO 1.74 O.91 O.92 O.90 O.63 2.7S 4.52 4.87 6.13 6.10 4.75 

7.04 7.75 6.41 7.27 S.73 S.96 O.88 1.32 0.88 OS 7 O.S6 0.7O O.84 3.58 3.62 
4.83 1:48 128 1.06 1.22 2.14 3.08 1.16 3.6O 2.74 4.07 2.45 182 1.82 1.33 

Table 2 shows CP for resolution B-24 hours: prediction is to be made for a coming Wednesday, LL 54.53 
can be used as a reliable estimate. 

30 Trend Analysis . 
0250) Many behavioral changes occur continuously over 
the course of time. An example of this is shown in FIG. 3. A 

TABLE 2 

Consumption Data at 1-Day Resolution 

1 Fri 2) Sat 3 Sun 4 Mon (5) Tue 6 Wed 7 Thr (8) Fri (9) Sat 10 Mon 
56.186 S1-SO2 72.864 81.64 56.909 59.756 57.13 62.92 SS.822 42.429 
11 Tue 12 Wed 13. Thr 14 Fri 15) Sat 16 Sun (17 Mon (18 Tue 19 Wed 20) Thr 
48.701 S2.07S 57.181 69.254 53.897 41.883 6O.S63 39.816 55.973 61.194 
(221) Fri 22 Sat 23 Sun 24 Mon 25 Tue 26 Wed 27. Thr (28) Fri (29) Sat 30 SO2) 
(24.292 54.078 44.725 51.656 37.444 53.175 60.031 42.494 72.379 47.0CC) 

(2) indicates text missing or illegible when filed 

Finally, likely explanation for Such smooth transitions is the correla 
tion between consumption behavior and seasonal factors such 
as weather. 
0251 When a user's consumption changes, the average 
based Pattern Analysis method would require some time to 

0248 Table 3 presents the values for Lands: 

1, t = 1, 7, adjusts its forecasts. This is because the new behavior should 
represent a significant part of the history-data, before it shows 

d = lf. = 4 itself in the mean-values. Therefore, the forecast would lag 
P. Cy behind Such changes. 

0252. In order to decrease the response time, consumption 
trends can be taken into account within the present method 

TABLE 3 and system. While Pattern Analysis examines change in con 
Sumption over time, Trend Analysis focuses on the rate of 
change. As in the above example, the user's consumption 

t l S increase in December is easily predictable in the previous 
month. Hence, detecting trends helps the forecast respond to 

Calculated Mean and Standard Deviation 

ASE 2. A. changes quickly, thus increasing the performance index by 
3 S. 4848 6.34 minimizing error. 
4 (Mon) 56.88 13.0 0253 Trends can be examined at different time-resolu 

tions and polynomial orders. Lower time-resolution (large B 



US 2015/0012147 A1 

values) make the trend analysis less sensitive to noise— 
highly deviated data with insignificant forecasting value. 
Moreover, higher polynomial orders are more responsive to 
change, but also more sensitive to noise. 
0254. After adjusting the consumption data's resolution 
(same as the initial step in Pattern Analysis), linear regression 
is used to detect the trend: 

n: polynomial order, c-aox'+a1,x'+...+a, x+a, 

where X is the time and c is the consumption. The least 
squared solution to the above polynomial is: 
m: data points, 

C 1 W al s (0 

C2 1 x2 x3 X: a E. Y= XA 
-> 

Cn 1 x, x, ... x, in 

XTC = XTXA is A = (XX). XTC 

0255 For instance, the solution to a first order polynomial 
would be: 

C 1 X1 Tao 

Cn 1 Xin Jan 

C 1 1 ... 1 || 1 x 1 1 ... 1 TTC i C- | || |X d W. W.2 . . . Win : : W. W.2 . . . Win Cl 

0256 Having solved for as, the polynomial equation can 
now be used to determine the consumption at a given time (X) 
in future. 

first order: ir(x) = ao y + a 

n-th order:tr(x) = ao v+ a v' +...+ ay-1 v 3+ an 

0257 The accuracy of the estimated trend line can be 
measured by: 

Data Expiry 
0258 User consumption behavior changes over the course 
of time and factors such as season can play a significant role 
in the consumption. As collected load data age, they can 
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potentially become less accurate due to changes in user's life 
style, season or weather. Therefore, a time will reach when the 
data expire—e.g. the aged data will not be considered in 
analysis any more within the method and system of the inven 
tion. 
0259. There are various advantages and disadvantages to 
eliminating old data: 
0260 a. Advantage: the forecast algorithm responds 
quickly to changes in behavior. 

0261 b. Advantage: less memory is required for storing 
the aged data. 

0262 c. Disadvantage: a temporary change in behav 
ior—a big enough change that is not Sustainable enough for 
forecasting consideration—can significantly affect the 
forecast (i.e. noise sensitivity). 

0263. Each type of pattern or trend calculation can have its 
own data expiry policy, since different analysis might require 
various sizes of historic data in order to work well. 

Forecast Responsiveness 
0264 PowerTab’s forecast algorithm enables forecast 
responsiveness to changes in consumption behavior. The 
method and system of the present invention provide a balance 
between a non-responsive system and a highly responsive 
one. For instance, it is not desirable that the forecasted bill 
increases vividly when a user's consumption doubles for an 
entire week, nor is it desired that the forecast change notably 
when a user has done two hours of laundry. 
0265. In long term, non-responsive systems produce more 
accurate forecasts, while the highly responsive ones occa 
sionally react to noisy data and produce inaccurate predic 
tions that lowers their overall performance. This is similar to 
any Control System in which fast response time causes over 
shoot. 
0266 Aprimary objective of the Smart Budgeting method 
and system is forecasting the electricity bill based on users 
current behavior to inform them of how much they will be 
charged if they continue to consume “this way”. Therefore, 
rather than trying to forecast with least possible error, the 
forecast valuefend product of one aspect of the present inven 
tion, ties itself greatly with user's current consumption 
behavior. For example, ifa user over-consumes for a few days 
in a row, our system should increases its bill estimation to 
warn the user about their behavior. If the users over-consump 
tion days are temporary, the increased estimation introduces 
error and a non-sensitive forecast system can eliminate that 
error; however, based on the intended application of the fore 
cast system, a consistent over-consumption behavior is wor 
thy of warning and hence the error factor is not as important 
as this objective. 
0267. Two factors play a role in the forecast responsive 
ness: trends, and data expiry periods. Trends play the most 
significant role in responsiveness since they attempt to fore 
cast based on the recent user behaviors (for example, the last 
data points in the trend calculation considerably affect the 
trend forecast). This makes the trend analysis very sensitive to 
noise highly deviated data with insignificant forecasting 
value. One way to lessen this over-responsiveness is to use 
trends on low-resolution data (large B value Such as days or 
weeks) and hence reducing the noise sensitivity. 
0268 Additionally, the length of the data history used for 
pattern and trend calculations is another important factor in 
sensitivity of the forecast system. This concept was intro 
duced in the Trend Analysis discussion above. While the 
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noise sensitivity created by Data Expiry can be disadvanta 
geous to a generic forecast algorithm, it will in fact be advan 
tageous to the intent of the Smart Budgeting method and 
system. The present invention does indeed require respon 
siveness to user's behavior in order to inform them of the 
consequences of their current consumption habit. And there 
fore, the only forecasting drawback of the Data Expiry is in 
fact useful for PowerTab. The expiry period has to be chosen 
delicately in order to maintain reasonable responsiveness. 

Integration 

0269. Various patterns and trends can exist for any given 
user at any given time. An important step toward a reliable 
forecast is integrating all patterns and trends to obtain a con 
cise outcome. The integration needs to be proportional—a 
more accurate pattern/trend should affect the outcome more 
significantly than a less accurate one. The accuracy of a 
pattern is inversely proportional to s, (standard deviation) at 
given time, and the accuracy of a trend is inversely propor 
tional to ESS. 

0270. The Smart Budgeting method and system starts with 
integrating all patterns first, before applying the trends: 
for k patterns and trends, 
'L's: mean and standard deviation at time X for patternu 
“tr(x), ESS: trend estimate and error at time X for trend v 

u: pattern, "p, = "(pl.) 
u: trend "p, = "tr(x) 

A 1 : 
w(x) =X -, P(x) = X. s 

where w(x) represents the total weight of all pattern forecasts 
at time X, and f(x) represents the final forecast value. The 
above method applies to patterns/trends of the same time 
resolution. Those of varying resolution can be combined 
when they are converted to the lowest time-resolution: 

p={p,p, ...,p}, C.: resolution, fB: new resolu 
tion, BS-C. 

{ (-1) - , stf 
to -o 
P. 

tof 
P. (xet) 

to -o 
P. 

tof 
op (xet) 

0271 
patterns: 
0272 Integrate all patterns of the highest resolution. Since 
trends are only used at lower resolution, no trend would be 
integrated at this step. 

0273 Integrate all patterns/trends of the next highest reso 
lution. 

The following steps should be taken to integrate all 

Jan. 8, 2015 

0274 Use the technique for varying resolutions to inte 
grate the last two outcomes. 

0275 Repeat steps band c until no lower resolution pat 
tern exists. 

0276 Since user behaviors vary diversely, not every pat 
tern or trend analysis can highlight a useful repeating behav 
ior. However, using the above integration approach, many 
patterns and trends proportional to their forecasting strength 
can be integrated, and in a dynamic, time-efficient manner. 
(0277. If after further examination of user behaviors it is 
discovered that a Substantially small group of users has a very 
distinct yet strong behavioral pattern, an appropriate pattern 
analysis component can be added to the method and system 
for those users. This addition would strongly improve fore 
casting performance for those niche users, while not at all 
degrading the performance for all other users who do not 
behave that way. This feature of the present “integration 
approach” makes the method and system very Sustainable for 
future research and customization to new markets. 

Examination 

0278. Using the load profile data of 17 households over a 
course of a year, the above principles were adopted to Pow 
erTab's specifications. Two patterns (daily-hours and 
weekly-days) and one trend (first-order weekly-based) were 
found Sufficient for an accurate forecasting capability. 

Pattern: Daily-Hours 
0279. The highest possible time-resolution of a forecast is 
equal to the highest time-resolution of the analyzed patterns. 
Therefore, to be able to make hourly forecasts, patterns of 
hourly behavior were preferably analyzed. Clearly, the most 
useful hourly-based pattern can be calculated for a period 
length of one day—hence the name Daily-Hours. Daily 
Hours analysis has proved itself very helpful for forecasting, 
because time of day is one of the most significant parameters 
for user's behavior. 
0280 FIG. 12 demonstrates the daily-hour behavior of 
various users: 
0281. A considerable majority of users have a very low 
deviating behavior over sleeping hours. Yet, the behavior 
during the daytime varies. FIG. 1a demonstrates this fact as 
the deviation in early hours of a day is rather minimal, while 
the deviation of the later hours of the day varies significantly. 
0282. The data-expiry limit for daily-hour analysis is set to 
30 days (i.e. data older than 30 days are not used for this 
analysis). The 30 days limit is set in order to keep the algo 
rithm responsive to changes in daily behavior, while making 
Sure it is not too sensitive to noise and outliers. 

Pattern: Weekly-Days 
0283 Useful behaviors can be found by analyzing user's 
daily consumption during each week—hence the name 
Weekly-Days. Factors such as weekdays and weekends can 
influence user's consumption behavior, additionally, weekly 
working schedules of repeating nature are very common. 
Therefore, as expected, pattern analysis at time-resolution of 
one day and period-length of one week has improved the 
performance as seen in FIG. 13. 
0284. The data-expiry limit for weekly-day analysis is set 
to 60 days (i.e. data older than 60 days are not used for this 
analysis). This limit provides an average of 8 samples for each 
day of the week, which is rather minimal for an accurate 
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averaging. Meanwhile, extending the data-expiry beyond 60 
days is dangerous because after two month, those data can be 
obsolete for forecasting purposes (i.e. high possibility that 
user's consumption behavior has changed significantly). 

Trend: First-Order Weekly-Based 
0285 Based on data acquired, a trend line on a weekly 
time-resolution and using a first-order polynomial fitting has 
proved itself very useful for accurate forecasting. Any time 
resolution higher than one week is prone to frequent error due 
to noise and outliers. Moreover, 1 order. 2' order and 3 
orderpolynomials were experimented with. While 2" and 3" 
order perform betterestimates at various occasions, the over 
all performance of the 1 order regression was better. 
0286 The data-expiry limit for the weekly trend analysis 

is set to 60 days (i.e. data older than 60 days are not used for 
this analysis). This limit provides 8 data points (weeks) for 
trend-line calculation. This is rather minimal for an accurate 
trend estimation. Meanwhile, extending the data-expiry 
beyond 60 days is dangerous because after two month, those 
data can be obsolete for forecasting purposes (i.e. high pos 
sibility that users consumption behavior has changed signifi 
cantly). 
0287 Importantly, it was discovered that the weekly 
based trend analysis creates a Suitable responsiveness for the 
forecast algorithm. As soon as a user spends a good portion of 
a week (3 days or more) over-consuming, the weekly con 
Sumption for the most recent week increases, causing the 
trend-line to shift upward. This effect increases the forecast 
estimate of the upcoming days. The increase helps warn users 
about the value of their next bill, if they continue their recent 
consistent over-consumption behavior. 

Absence Detection 

0288. Two types of patterns exist: repeating, and non 
repeating. Repeating patterns are useful to forecasting (e.g. 
sleeping hours), while non-repeating patterns—statistical 
outliers—are misleading. Outliers are infrequent in nature, 
and since our approach is based on averaging, they are insig 
nificant to the outcome. 
0289 Behavioral outliers exist as well non-repeating 
behavioral patterns that deviate from standard. However, as 
opposed to statistical outliers, behavioral outliers are not 
always infrequent. Vacation periods are a perfect example of 
non-infrequent behavioral outliers. Due to their length in 
time, these behavioral outliers can affect the forecast outcome 
significantly. For instance, a three-week vacation period can 
completely mislead the forecast algorithms expectation of 
the user's behavior. 

0290. In this case, an absence detection mechanism is 
implemented with the Smart Budgeting method and system 
of the present invention which excludes from the forecast 
algorithm, the periods in which no user is at home. One can 
easily spot absence periods when looking at the consumption 
graphs. That is due to human brain's highly capable pattern 
recognition skills. Absence periods share two characteristics: 
first, the usage is observably lower than typical consumption 
periods; this property, however, does not help detecting 
absence times since both the magnitude of consumption, and 
the ratio of absence consumption to typical consumption, are 
rather hard to define as they vary from one user to another. 
0291. The second characteristic of an absence period is its 
low deviation in the consumption record; since no person is 
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present at home, the changes occurred in the consumption are 
significantly smaller than that of a typical period. Some time 
varying electric appliances such as thermostat heater or air 
conditioner, however, can introduce deviations to the power 
consumption during absence periods. Two solutions may be 
introduced to the Smart Budgeting method and system, and 
when combined, they can solve this problem: 
0292 Defining consumption deviation tolerance ranges 
based on a percentage of the typical consumption devia 
tion. If deviation is higher, someone is present; if it is lower, 
no one is. 

0293 Use of the previous days absence status: If a user 
was absent yesterday, S/he might be on vacation and hence 
s/he is more likely to be absent today. 

0294. Utilizing fuzzy logic, this two decision methods can 
be combined based on the following table: 

TABLE 4 

FuZZY Logic Table for Absence Detection 

YESTERIDAY 

Yes Likely Unlikely No 

TODAY Yes True True True False 
Likely True True False False 
Unlikely True False False False 
No True False False False 

The four fuzzy sets of “Yes,” “Likely.” “Unlikely” and “No” 
are defined as in FIG. 14. 
0295 Finally, to calculate the values for “today” and 
“tomorrow variables, we use the following set of equations: 

1 
it 22. C, 

iP 

1 X C 2 S 232, (C - play) 

S.S(P-today's consumption data) 

S Fs(Pyesterday's consumption data) 

St S(Pentire consumption data) 

Stoday 
today = Sal 

6. 

Syesterday yesterday = 
Sati 

0296 To elaborate on the above equations, the ratio of the 
today and yesterday's hourly standard deviation, over the 
overall hourly standard deviation. If the ratio value is reason 
ably small in both days, that shows a lower than usual daily 
consumption deviation, which helps detect absence of users. 

Light Indicator 
0297. Among the most important features of the PowerTab 

is its light indicator that provides instantaneous feedback to 
user's consumption behavior to help them lower their con 
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Sumption within their targeted budget. The light indicator has 
two states: Red representing overconsumption, and Green 
representing proper consumption. When the light is red, the 
user is expected to take measures to lower their consumption; 
and when the light is green, the user is notified that their 
current behavior would achieve the target. 

Budgeting 

0298. The light indicator uses the user-inputted target bill 
value, the dollar consumption so far, and the users forecasted 
behavior in order to determine an hourly budget for the 
remaining part of the billing cycle. The operation is per 
formed as follows: 

given: teg, P: remaining period in the current billing 
cycle 

T: target budget (S), S: spent so-far (S), g, cost of 1 
kwh at time t 

f: forecasted consumption (kwh) at time i, S: fore 
casts deviation at time t 

0299 First, within one embodiment of the Smart Budget 
ing method and system, the remaining dollars to be spend 
during the remaining days of the current billing cycle is 
calculated: 

R: remaining budget (S), R=TS 

0300 Next, a budget for every remaining hour of the bill 
ing cycle, based on both the forecasted spending and its 
possible deviation, is specified: 
0301 Case 1) If the unconsumed budget is more than 
forecasted spending: the extra money will be divided between 
all remaining hours, proportional to the forecast deviation. 
For instance, since the deviation is Small during sleeping 
hours, not much of the extra money will be devoted to those 
hours since the user clearly does not need much room there. 
However, during hours where the user does not spend consis 
tently, he/she will be given additional budget. 
0302 Case 2) If there is some money left in the budget 
(unconsumed budget-0), yet the left-over is less than the 
forecasted consumption: this means that the user is over 
consuming, so his/her hourly forecasted consumption should 
be reduced. When giving extra money to each hour, this was 
allocated proportionally to each hours consumption devia 
tion. However, when shrinking the consumption, the method 
and system of the present invention does it proportional to the 
forecasted consumption itself. That is because one end goal of 
Smart Budgeting is to encourage the user to adopt a more 
conservative behavior by Saving at all times. Even during 
sleeping hours when the deviation is low, turning off an extra 
appliance might be the key in achieving the target bill, and 
therefore he/she is asked to lower every hour of consumption 
by a certain percentage rather than considering the deviation 
patterns. 

0303 Case 3) Finally, if the amount of money spent so far 
is more than the total budget (remaining budget-0), then the 
user cannot achieve his/her goal and a S0 budget for every 
remaining hour is specified. 
0304. The above policies are implemented within the 
Smart Budgeting method and system and represented in the 
following equations: 
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F: forecasted spending (S), 

F =X fig, 
te 

(2) (R - O. R& F(2) 

(2) = () . (3) + (2) . () / (Q) (ue Q)(2)()), 
“where' 

(3) = R - FC) Rs 0. R < F(2) 

(2) = (2) .( x Rf F 
(2) indicates text missing or illegiblewhen filed 

State Determination 

0305. Once the consumption budget of the remaining bill 
ing period is determined, the light indicator should decide 
whether the user is over-consuming (red or green light). The 
most important criterion for state determination is whether 
the consumption of this hour is less than or equal to this hours 
budget: 

under-consumption Co gro s Bow 
rule #1: D 

over-consumption Co go Bow 

0306 Considering the following scenario: a user's budget 
is $70. It is the 6" week of the 8-week long billing period, and 
she has spent S30 so far. Therefore, the user has 2 weeks left 
and S40 to spare, which means her consumption can triple and 
still the target budget will be met. If the user decides to do 3 
hours of doing laundry, cooking dinner, ironing and watching 
TV all at the same time, she will surpass her hourly budget. 
Should she be warned about this? 

0307. A reasonable answer to this question is 'no', 
because the user has a considerable amount of budget left and 
it is very clear that a mere 3 hour of overconsumption would 
not challenge the achievability of her target bill, due to her 
fine record of under-consumption. However, if the above rule 
were to be considered independently, the light indicator 
would go red which would come as a Surprise to the user. Such 
unreasonable judgment by PowerTab can seriously challenge 
its trustworthiness for helping users conserve, which is its 
primarily objective. 
0308 To rectify the above problem, a new criterion is 
introduced within the method and system of the invention 
which adds a consistency factor to the decision of whether a 
user is over-consuming. In other words, not only the user 
should be consuming more than the current hours budget, 
she should be consistence in it for a short period to receive a 
warning. To do so the light indicator looks into user's last 24 
hours of consumption, and if there is a left-over budget within 
this time, it uses that to tolerate the current over-consumption: 
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under-consumption X. C. g. s. X. B, 
telast 24 hours telast 24 hours 

D 
rule #2: 

D 

over-consumption X. C. g., - X. B, 
telast 24 hours telast 24 hours 

0309 The light indicator state will be determined based on 
the rule #1 and rule #2, as follows: 

red: (role #1 = OC). (role #2 = OC) 
state: - O 

green: otherwise 

0310 Based on the above system, few hours of over-con 
sumption can be tolerated if the user's overall behavior is 
conservative enough. The following scenarios elaborate the 
capabilities of the Smart Budgeting method and system: 
0311 Case A: 
0312. A user's budget for the last 24-hour period was $2.4 
and his current hour's budget is S0.12. He has consumed S2.1 
during this day. If he consumes more than S0.12 this hour, rule 
#1 would indicate overconsumption; however, rule #2 would 
not, and therefore the light will be green. However, this tol 
erance will be exhausted as soon as the user consumes any 
thing more than S0.3 within this hour (excessive overcon 
Sumption). 
0313 Case B: 
0314. If the above user has spent S3 within the last day, 
rule #2 would indicate overconsumption, even if the user is 
spending less than his S0.12 budget for current hour. How 
ever, the light would still show green, because the extra con 
sumption has already been deducted from user's future bud 
gets (hence shrinking the 0.12S slightly). Thus, if the user is 
currently spending 0.06S, he would correctly see agreenlight 
indicating that if he continues to do what he is doing right 
now, he would be achieving his consumption goal. But as 
Soon as he passes the hourly budget, he would see a red-light 
since there is no tolerance to further overconsumption. 
0315 Case C: 
0316. If a user has a S100 budget, and he has only spent 
S30 seven weeks into the period, he would have a S10 per day 
budget for the remaining days. If he spends S3 in 23 hours, he 
would still have S7 to spare in one hour which means he 
would not get an overconsumption alarm that easily (i.e. very 
high tolerance). 

Dependency on Forecast Algorithm 

0317. As demonstrated herein, the forecast value for each 
hour is the base for its budget determination. An alternative is 
to use no forecasting and evenly divide the remaining dollars 
of the budget over every hour. A user's hourly behavior is not 
even; in some hours the consumption is low (e.g. when sleep 
ing) and in Some hours the consumption is high (e.g. eve 
nings). However, if every hour is budgeted evenly, the system 
would always indicate a green light during sleeping hours, 
even if the user has forgotten to turn off the TV; and it would 
always show red light during evenings, even if the user has 
consumed less than usual. 
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0318. The other side of the extreme is if it is known 
exactly how the user is going to behave. In that case, the user 
would never see a red light if his future behavior would be 
meeting the budget requirement, even when he is consuming 
excessively for a few hours—since his behavior and excessive 
consumption is known and expected, it is known that it would 
not cause him to go over the budget. However, if the user's 
behavior leads to Surpassing the budget, the system would 
shrink every future hours consumption by a needed percent 
age to meet the budget. It would then use the light indicator to 
encourage the user to follow within those defined limits. If it 
is the beginning of the billing cycle, the user would see green 
light every now and then. However, if the end of the cycle is 
approaching and the user is still over-consuming, the saving 
percentage grows higher and higher and it would become 
almost impossible for the user to lower his consumption to 
that extend. Therefore, no greenlights will be shown anymore 
indicating that it is not very likely for the user to meet his 
intended budget. 
0319. This is the ideal case, because the light indicator's 
purpose to answer the following question is met perfectly: is 
the user going to go over his budget? The more accurately the 
users behavior can beforecasted using the Smart Budgeting 
method and system, the less false positives and false nega 
tives would show. 

0320. Using the same principles used in forecasting, 
absence detection and light indication, the following features 
can be implemented as additional embodiments of the Smart 
Budgeting method and system: 
0321 
0322 The PowerTab can determine the usual sleeping 
hours and patterns of a user. Hence, during the hours in which 
the user usually goes to bed, an icon can appear on the Screen 
showing whether the household is sleep ready. The Pow 
erTab determines the sleep-readiness by analyzing a user's 
usual sleeping pattern and his budget for those hours. If the 
current consumption is similar to that of the user's usual 
sleeping hours and he is within the budget, the PowerTab 
provides a positive feedback. However, if an extra light is left 
on, a warning can be displayed to notify the user. 
0323 
0324. The same idea as the sleep-prep can be applied for 
when the user is leaving home especially for longer periods 
(e.g. Vacations). In this case, the user might need to press a 
button on the PowerTab to ask for verification that the house 
is at rest (minimum power consumption). The PowerTab 
then analyzes previous absence patterns to determine whether 
an unnecessary appliance is left on or if house is "leave 
ready’. 
0325 
0326. A simple addition to PowerTab can provide a feed 
back about user's every day performance rather than that of 
the entire billing cycle. The system can interpolate today's 
consumption over the remaining days of the billing cycle and 
generate a forecast based on today's performance. This fore 
cast would vary greatly from one day to another and is not to 
be trusted as the final bills value. However, it can help user 
understand how he has performed today. Also, this would 
make the device interactive as the users will have a daily 
based challenge; they can set new records by trying to lower 
than number, and they would not need to wait longer before 
seeing the effect of their effort. Users may also use social 

Sleep-Prep: 

Leave-Prep: 

Today's Performance: 
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media to share such data and “compete with neighbours 
based on performance indicators and other power usage met 
1CS 

0327. Absence Battery Saving: 
0328. When the forecast algorithm detects that the user is 
absent, it can turn PowerTab offin order to save battery. As 
Soon as someone comes back, the system can detect that by 
observing the Sudden jump in the consumption (turning on 
lights, etc.) and the device can turn itself on again. 
0329 Sleeping-Hours Battery Saving: 
0330. The same absence battery saving idea applies to the 
sleeping hours. Again the device can forecast sleeping hours, 
detect it when a user goes to bed, and turn itself off until 
changes in the consumption indicate the user's awakeness. 
The PowerTab can automatically turn its display on during 
morning hours when the user wakes up because it is likely for 
the user to pass by. 
0331 Interfacing with Appliances: 
0332 Provision and conveyance of information about 
user's daily behavior to other appliances. Using the Pow 
erTab, all appliances can be triggered when user sleeps, 
wakes up, leaves home, goes on vacation, etc. . . . and all this 
information is detected by the PowerTab without any user 
interaction 
0333. The foregoing detailed description has set forth vari 
ous embodiments of the devices and/or processes via the use 
of examples. Insofar as such examples contain one or more 
functions and/or operations, it will be understood by those 
skilled in the art that each function and/or operation within 
Such examples can be implemented, individually and/or col 
lectively, by a wide range of hardware, software, firmware, or 
virtually any combination thereof. In one embodiment, the 
present subject matter may be implemented via ASICs. How 
ever, those skilled in the art will recognize that the embodi 
ments disclosed herein, in whole or in part, can be equiva 
lently implemented in standard integrated circuits, as one or 
more computer programs running on one or more computers 
(e.g., as one or more programs running on one or more com 
puter systems), as one or more programs running on one or 
more controllers (e.g., microcontrollers) as one or more pro 
grams running on one or more processors (e.g., microproces 
sors), as firmware, or as virtually any combination thereof, 
and that designing the circuitry and/or writing the code for the 
software and or firmware would be well within the skill of one 
of ordinary skill in the art in light of this disclosure. 
0334. In addition, those skilled in the art will appreciate 
that the mechanisms taught herein are capable of being dis 
tributed as a program product in a variety of forms, and that an 
illustrative embodiment applies equally regardless of the par 
ticular type of signal bearing media used to actually carry out 
the distribution. Examples of signal bearing media include, 
but are not limited to, the following: recordable type media 
such as floppy disks, hard disk drives, CDROMs, digital tape, 
flash drives and computer memory; and transmission type 
media Such as digital and analog communication links using 
TDM or IP based communication links (e.g., packet links). 
0335 While the forms of method and system described 
herein constitute preferred embodiments of this invention, it 
is to be understood that the invention is not limited to these 
precise forms. As will be apparent to those skilled in the art, 
the various embodiments described above can be combined to 
provide further embodiments. Aspects of the present systems, 
methods and data collection means (including specific com 
ponents thereof) can be modified, if necessary, to best employ 
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the systems, methods, nodes and components and concepts of 
the invention. These aspects are considered fully within the 
Scope of the invention as claimed. For example, the various 
methods described above may omit some acts, include other 
acts, and/or execute acts in a different order than set out in the 
illustrated embodiments. 
0336 Further, in the methods taught herein, the various 
acts may be performed in a different order than that illustrated 
and described. Additionally, the methods can omit some acts, 
and/or employ additional acts. 
0337 These and other changes can be made to the present 
systems, methods and articles in light of the above descrip 
tion. In general, in the following claims, the terms used should 
not be construed to limit the invention to the specific embodi 
ments disclosed in the specification and the claims, but should 
be construed to include all possible embodiments along with 
the full scope of equivalents to which such claims are entitled. 
Accordingly, the invention is not limited by the disclosure, 
but instead its scope is to be determined entirely by the fol 
lowing claims. 

Example User of Power Disaggregation Mobile Application 
0338. This example references FIG. 15a-e. User Installs 
mobile application (PowerTab TM) on SmartPhone and is 
invited via graphical user interface (GUI) indicated generally 
at 99 on welcome screen 100 to create a profile at 102. User 
inputs username 103, password 104, some information about 
himself and his house and billing period etc. ... 106 
0339 User is then presented with a friendly animated 
light-bulb 108. Above it, he sees his current household con 
Sumption in real-time, updated once every two seconds at 
interface segment 110. Below the bulb, he notices he can set 
a goal for his electricity budget over the current billing period 
at interface segment 112. 
0340. The progress bar 114 underneath the bulb also indi 
cates how far he is into his billing cycle, and under the bar he 
can see how much he has spent on electricity So far in this 
cycle, and what the app estimates his final bill to cost. 
(0341 The light bulb itself presents itself with different 
emotions: happy if the bill estimate is within the specified 
budget 116, concerned if the bill may to exceed the budget, 
and upset if the budget cannot be met 118. The real-time 
consumption bar on the top of the interface page also presents 
three colors associated with the active Time-of-Userate. With 
a single glance, user knows whether he is at the lowest rate 
(green), at the medium rate (yellow) or at the peak rate (red). 
0342. Like many users, this user is curious to see what the 
app shows when he turns a light on and off. This could also 
help him understand the impact of that light on his current 
consumption rate. 
0343. The app, detecting user's curiosity, prompts him at 
120 to try out other appliances as well, and provides him at 
122 with a list of major appliances with highest impact on a 
bill: heaters, dryer, washing machine, oven, fridge, etc. 
0344 As user is guided through the process of profiling his 
major appliances, the app is recording the consumptions and 
by the end of the process, user is presented at 124 with a list 
of his major energy consumers. 
0345 User can see at interface segment 126 how much 
each appliance contributes to the overall cost of a bill, in kWh, 
S as well as a break-down percentage. If a particular appliance 
is over consuming, this may indicate excessive use, poor 
appliance energy efficiency, or the possibility of a broken 
appliance. User is presented at 128 with a warning immedi 
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ately that his heater may be broken. He proceeds to replace the 
heater later and observes a $30 monthly saving on his bill. 
0346. The app also presents user at segment 130 with a list 
of alternative energy-efficient appliances offered by third 
party retailers, and rates the Saving Value of each app based 
on their Return-on-Investment. 
0347 User browses to the Bills page, represented at FIG. 
15d. User is asked at 132 to enter the value of his most recent 
bills, in order to create comparative bases for the app to 
estimate his savings from now on. The Bills interface page 
also presents a historic graph at 134 of house consumption, so 
user can observe his usage over weekdays versus weekends, 
Summer months versus winter months, etc. The graphs can be 
displayed on daily, weekly, or monthly bases for the period of 
time in which a Smart meter or an energy sensor has been 
installed in the house. 
0348 User can also glance at interface segment 136, at his 
previous bills 138 and the current bill estimate 140, and see 
how much savings (the impact) he has accumulated since the 
start of the app, as well as for every individual bill at 142. 
0349. He also sees the amount of greenhouse gases the 
savings translates to, as well as other interesting facts and 
matrices regarding his energy consumption performance. 
0350 That night as user goes to bed, his PowerTab app 
informs him, via interface segment 144 that his TV may still 
be on. If true, user may elect to turn off that device. The app 
also notifies him in suggestion box 146 that if he turns off his 
bedroom heater and starts using a blanket heater instead, he 
could use up to $30 per month. The next morning, just as user 
leave home for work, the app informs them, via interface 
segment 148 that his iron has been left on. This warning, 
simple, automatic and directly to user's Smartphone not only 
helps him cut down on unwanted energy usage, it also notifies 
him of a potential hazard. 
0351. On specific occasions, as programmed by the user or 
as defined within the PowerTab app itself, user may be 
advised by interface message, text or email of Such an occa 
sion. One example of an occasion is Earth Day. When user 
opens the app, he is prompted to participate in Saving energy 
by turning off his lights between 7pm and 8 pm. If he agrees 
to participate, he joins many other participants across the 
world. 
0352. As the event unfolds, user watches an interactive 
map 150 in the app that shows the participants, how much 
they have all saved so far, and how much his country, his city 
and his neighbors are contributing to this movement. 
The present invention provides: 
A system for acquiring and storing disaggregated power con 
Sumption data in a premise which comprises: 
a) at least one sensor configured to measure at least one 
desired energy consumption variable associated with a plu 
rality of energy consumption devices within the premises and 
to generate at least one aggregated output signal therefrom; 
b) a data processor configured to receive said aggregated 
signal from the sensor, said processor comprising a means to 
create and update a power profile for each individual device, 
said data processor comprising a memory which comprises a 
catalogue of each of said individual devices and a respective 
power draw of each device. 
Preferably, the catalogue comprises a data set acquired by a 
set-up protocol wherein a device is independently switched 
between on-off, at least one time to isolate a power draw for 
said device from the aggregated signal. Preferably, the sensor 
is selected from a current sensor, a Voltage sensor, a tempera 
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ture sensor, an activity sensor, and an acoustic sensor. Pref 
erably, the system additionally comprises a communication 
interface configured for receiving user commands and que 
ries, for requesting user input in respect to said devices and for 
transmitting information relating to the devices to the user. 
Preferably, the communication interface is selected from 
wired and wireless communication technologies. Preferably, 
the communication interface is selected from RS232, USB, 
Firewire, Ethernet, Zigbee, Wifi, Bluetooth, RFJID, wireless 
USB, cellular, and WMAN communication technologies. 
Preferably, the processor is configured within a mobile com 
puting device. Preferably, the processor is configured within 
a mobile computing device selected from the group consist 
ing of a Smartphone, tablet, netbook and laptop, an In-Home 
Display (IHD) platform and a home-energy management 
device. Preferably, the sensor is a smart meter. Preferably, the 
sensor is a Smart meterand only one is present in the premises. 
A computer implemented method of acquiring, cataloguing 
and storing power consumption data in respect to a first 
energy consumption device (with an energy draw) within a 
premises comprises a plurality of energy consumption 
devices which comprises: 
a) providing a sensor configured to measure at least one 
desired energy consumption variable associated with the plu 
rality of energy consumption devices (including the first 
device) within the premises and to generate at least one aggre 
gated output signal therefrom; 
b) configuring a data processor to receive said aggregated 
signal from the sensor, 
c) creating a power profile for the first device by instructing a 
user, via a user interface, to independently switch said device 
between on-off positions (“Switching set up’), at least one 
time, to isolate a power draw for said device from the aggre 
gated signal, wherein data processor recognizes that the first 
device was selected and isolates a differential in the aggregate 
signal based on differing Switch positions during the Switch 
ing set up, said differential being the energy draw of the first 
device; and 
d) providing a memory which recallably stores the energy 
draw of the first device in a catalogue. 
Preferably step c) comprises a set-up protocol which is 
repeated for a plurality of energy consumption devices in the 
premises to create a catalogue of energy draws for each device 
and to create an aggregate profile for the premises. Preferably, 
the set-up protocol need only be done once for each device, 
with thereafter the catalogue comprising the respective 
energy draws for each device. Preferably, there are a plurality 
of devices in the premise and only a selection of devices are 
profiled. Preferably, the sensor is selected from a current 
sensor, a Voltage sensor, a temperature sensor, an activity 
sensor, and an acoustic sensor. Preferably, the data processor 
additionally comprises a communication interface config 
ured for receiving user commands and queries, for requesting 
user input in respect to said device and for transmitting infor 
mation relating to the device to the user. Preferably, the com 
munication interface is selected from wired and wireless 
communication technologies. Preferably, the communication 
interface is selected from RS232, USB, Firewire, Ethernet, 
Zigbee, Wifi, Bluetooth, RFJID, wireless USB, cellular, and 
WMAN communication technologies. Preferably, the pro 
cessor is configured within a mobile computing device. Pref 
erably, the processor is configured within a mobile computing 
device selected from the group consisting of a Smartphone, 
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tablet, netbook and laptop computer, an In-Home Display 
(IHD) platform and a home-energy management device. 
Preferably, the sensor is a smart meter. Preferably, the sensor 
is a Smart meter and is only one is present in the premises. 
Preferably, at step c), device is toggled between on-off or 
off-on positions at the Switching set up more than once. Pref 
erably the user interface provides a graphic representation to 
the user of the differential. Preferably, the user interface pro 
vides a graphic representation to the user of the differential 
and additionally comprises during Switching set up, a prompt 
to the user to toggle the device between on-off positions up 
more than once in response to noise in the graphic represen 
tation. Preferably, the noise is removed by way of averaging 
or median calculation of the multiple differential measure 
mentS. 
A power consumption and notification system comprises: 
a) at least one sensor configured to measure at least one 
desired energy consumption variable associated with at least 
one energy consumption device within a premises and to 
generate at least one aggregated output signal therefrom; 
b) a data processor configured to receive said aggregated 
signal from the sensor, said processor comprising a means to 
create and update a power profile for each at least said one 
device, said data processor comprising a memory which com 
prises a catalogue of each of at least said one device and a 
respective power draw of each Such device, said data proces 
sor including a means to collect and analyze raw data in real 
time, from at least one of following sources: 
0353 Smart grid networks 
0354 current sensors 
0355 user inputs relating to user-defined budgets 
0356) user inputs relating to his behaviours and schedules 
0357 user inputs relating to the function and activities of 
the devices 
0358 other user information available through a net 
worked device such as contacts, demographics, etc. 
0359 GPS and other location signals such as WiFi net 
work Ds, names and signal strengths macrogrid outputs from 
within a population in which user belongs 
0360 television and radio signals 
0361 memory based historical consumption data 
said data processor including means to create communica 
tions to user based on information acquired from any of the 
Sources; and 
c) a user interface. 
Preferably real time is within a five minute interval or less. 
A non-transitory processor readable medium storing code 
representing instructions to cause a processor to acquire, cata 
logue and store power consumption data in respect to a first 
energy consumption device (with an energy draw) within a 
premises comprising a plurality of energy consumption 
devices which comprises: 
a) providing a sensor configured to measure at least one 
desired energy consumption variable associated with the plu 
rality of energy consumption devices (including the first 
device) within the premises and to generate at least one aggre 
gated output signal therefrom; 
b) configuring a data processor to receive said aggregated 
signal from the sensor; 
c) creating a power profile for the first device by instructing a 
user, via a user interface, to independently Switch said device 
between on-off positions (“Switching set up’), at least one 
time, to isolate a power draw for said device from the aggre 
gated signal, wherein data processor recognizes that the first 
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device was selected and isolates a differential in the aggregate 
signal based on differing Switch positions during the Switch 
ing set up, said differential being the energy draw of the first 
device; and 
d) providing a memory which recallably stores the energy 
draw of the first device in a catalogue. 
Preferably, the code comprises instructions to create a power 
profile for a second device by instructing a user, via a user 
interface, to independently Switch said second device 
between on-off positions (“Switching set up’), at least one 
time, to isolate a power draw for said second device from the 
aggregated signal, wherein data processor recognizes that the 
second device was selected and isolates a differential in the 
aggregate signal based on differing Switch positions during 
the Switching setup, said differential being the energy draw of 
the second device; and to provide a memory which recallably 
stores the energy draw of the second device in a catalogue. 
An unsupervised system for use in creating a profile of man 
aging and understanding power consumption in a home of a 
user, wherein said home comprises two or more power con 
Suming devices which system comprises: 
0362 at least one sensor configured to measure aggregate 
energy consumption at the home; 
0363 a mobile computing device comprising a data pro 
cessor, 
0364 computer readable memory including computer 
readable instructions which, when executed by the processor, 
cause the processor to perform the following steps: i) receive 
said aggregated signal from the sensor; ii) collect and record 
the aggregate signal over a plurality of time resolutions and 
frequencies, iii) create a predicted aggregate signal pattern for 
each time X and frequency y; vi) to detect changes in the 
predicted aggregate signal pattern at time X an frequency y 
(detected consumption pattern changes); and 
0365 a communication interface operably connected to 
the mobile computing device and configured for conveying to 
a user notification of detected consumption pattern changes. 
(A) 
A system for use in creating a profile of managing and 
understanding power consumption in a home, wherein said 
home comprises two or more power consuming devices 
which system comprises: 
a) at least one sensor configured to measure at least one 
energy consumption variable associated with at least one 
energy consumption device within the home (“the selected 
device') and to generate at least one aggregated output signal 
therefrom; 
b) a mobile computing device comprising a data processor, 
c) computer readable memory comprising memory compris 
inga catalogue of a plurality of devices and one of a respective 
or estimated power draw of each Such device, said memory 
including computer readable instructions which, when 
executed by the processor, cause the processor to perform the 
following steps: i) receive said aggregated signal from the 
sensor; ii) create and update a power profile for the selected 
device, iii) collect and analyze raw data in real time, iv) 
calculate a delta for each selected device (difference between 
an on state and an offstate); V) calculate an estimated delta for 
the selected device, using ON-OFF-ON sequences (or OFF 
ON-OFF) thereby acquiring a start value and end value, and 
vi) comparing the start value and end value to assess reliabil 
ity of the estimated delta for the selected device; and 
d) a communication interface operably connected to the 
mobile computing device and configured for receiving user 
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commands and queries, for requesting user input in respect to 
said devices and for transmitting information relating to the 
devices to the user. (B) 
Preferably, the systems at A above additionally comprise the 
features of B. Preferably, the communication interface is 
selected from wired and wireless communication technolo 
gies. Preferably, the communication interface is selected 
from the group consisting of RS232, USB, Firewire, Ether 
net, Zigbee, Wifi, Bluetooth, RFJID, wireless USB, cellular, 
and WMAN communication technologies. Preferably, the 
data processor creates a power profile for a first selected 
device by instructing a user, via the interface, to indepen 
dently switch said device between on-off positions (“switch 
ing set up protocol), at least one time, to isolate a power draw 
for said device from the aggregated signal, and wherein data 
processor recognizes that the first device was selected and to 
isolate a differential in the aggregate signal based on differing 
Switch positions during the Switching set up protocol, said 
differential being the energy draw of the first device. 
Preferably, the data processor repeats the switching set up 
protocol for a plurality of energy consumption devices in the 
home to create a catalogue of energy draws for Such devices 
but wherein power consumption of all devices in the home are 
not catalogued via the Switching set up protocol. Preferably, 
the communications interface provides a graphic representa 
tion to the user of differentials in power output between 
toggled Switch positions in Switching set up protocol. Prefer 
ably, the communications interface provides a prompt to the 
user to toggle the device between on-off positions up more 
than once in Switching set up protocol in response to noise in 
graphic representation. Preferably, data processor removes 
noise by way of an averaging-median calculation of multiple 
differential measurements for the device or by directing tog 
gling of the device between on and off positions. Preferably, 
data processor estimates reliability of a) information regard 
ing energy draw of a selected device and b) device cost 
estimation, by directing a user, via the interface, to turn device 
on and off more than once and using averaging to remove 
noise. Preferably, data processor reports to the user, via the 
interface at least one of the following: noise and potential 
accuracy in device power consumption cost. 
Preferably data processor disables “new” device profiling in 
presence of excessive noise. Preferably, data processor gath 
ers additional data and removes noise using noise removal 
techniques such as averaging or median in order to compen 
sate for noise. Preferably, processor reports reliability of the 
estimated delta to a user, via the interface. Preferably, the 
memory recallably stores energy draws of the devices in a 
catalogue. Preferably, the processor receives feedback as to 
state (on-off) of a device. Preferably, the sensor is selected 
from a current sensor, a Voltage sensor, a temperature sensor, 
an activity sensor, and an acoustic sensor. Preferably, the 
interface is configured to proactively convey notifications to a 
user, Such notifications being generated by the processor in 
response to data analysis. Preferably, the processor monitors 
and analyzes user behaviors, and directs to the user, proac 
tively and via interface, actionable information relating to one 
or more of Savings potential, home safety recommendations 
and home security recommendations. 
Preferably notifications are generated based on at least one of: 
i) external events; ii) user-configured internal schedules; iii) 
feeds from external processors-pushed to the processor, and 
iv) evaluations performed by the processor based on raw data 
inputs from at least one of: 
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0366 Smart grid networks 
0367 current sensors 
0368 user inputs relating to user-defined budgets 
0369 user inputs relating to his behaviors and sched 
ules 

0370 user inputs relating to the function and activities 
of the devices 

0371 other user information available through a net 
worked device Such as contacts, demographics, etc. 

0372 GPS and other location signals such as WiFi net 
work IDs, names and signal strengths 

0373 macrogrid outputs from within a population in 
which user belongs 

0374 television and radio signals and 
0375 memory based historical consumption data. 

Preferably, the interface is configured proactively to conveya 
notification to a user to turn off a device. Preferably, the 
interface is configured to proactively convey information to a 
user in regards to at least one of predicted aggregate signal 
patterns, power consumption budgeting feedback; evaluated 
real-time consumption patterns; a user-defined budget, over 
budget consumption warnings and under-budget consump 
tion accolades. Preferably, the interface is configured to pro 
actively convey notifications to a user, such notifications 
being generated by the processor in response to data analysis 
Such notifications: a) proactively reminding users of a “left 
on device; b) providing a breakdown of any devices left on 
by accident; c) relaying consequences of "left-on” devices; 
and d) providing home security feedback to users. Preferably, 
the processor measures at least one energy consumption vari 
able associated with at least one energy consumption device 
within the home automatically and without a user trigger/ 
request. Preferably, the processor measures at least one 
energy consumption variable associated with at least one 
energy consumption device within the home automatically 
upon receipt of data indicating a noticeable consumption 
change is observed and b) to ask user to identify source of 
Such consumption change. Preferably, the processor asks a 
user for additional information, including device classifica 
tion, and timing and length of the periods of usage of device 
(e.g., minutes and hours per day, days per months, etc.). 
Preferably, wherein a user creates a power profile for an 
energy consumption device by way of an application on a 
mobile processing device which application may be pre-in 
stalled on mobile devices during manufacture or can be 
downloaded by users/customers from various mobile soft 
ware distribution platforms, or web applications delivered 
over, for example, HTTP which use server-side or client-side 
processing (for example, JavaScript) to provide an “applica 
tion-like' experience within a Web browser. 
Preferably, the data processor monitors a user's away from 
the home hours based on usual power consumption patterns 
and stores data in memory in this regard, Such monitoring 
being based upon at least one of the following: specific trig 
gers in real-time power consumption indicative of whether a 
user is about to leave home; specific triggers in real-time 
power consumption indicative of whether a user has just left 
home; user input via interface; cues from a user's computing 
platform (including GPS signals); and external power signals 
(including Wi-Fi range and availability) and other metrics 
usable to gauge a user's proximity to the home. 
Preferably, the data processor gathers data incrementally by 
time (by time of day, weekday vs. weekend, holiday vs. 
workday) and to identify a users behaviors based on a) aggre 
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gated signal from the sensor; b) power profile for a selected 
device; c) data acquired directly/indirectly through a applica 
tion on the mobile computing device platform; d) time of day; 
e) day of the week and f) time of the year. Preferably, com 
puting device has access to a memory, and the memory stores 
a record of predicted aggregate signals and detected con 
Sumption pattern changes. Preferably, the catalogue so cre 
ated can be used for consumer analytics: a) defining and 
classifying user demographics; b) modeling user consump 
tion behavior; c) forecasting utility bills; and d) forecasting 
consumption (collectively “user classification”). Preferably, 
the system and method of the invention are used to create 
targeted advertisements, targeted customer initiatives based 
on the customer classifications, and to design electric utility 
programs such as Demand Response based on customer clas 
sifications. Preferably, the method and system are deployed 
via a mobile device application, and by which the user is 
connectable to other users of the application by a website or 
remote server and whereby the user and other users exchange 
data and information. 

Preferably, user and other users share user generated content 
including intelligent conservation targeting strategies (based 
on user profile, demographic, consumption, and home cata 
logue information). Preferably, user and other users share 
comparative databased on a user's community, city, demo 
graphics, social circles and Social media presence. Preferably, 
user and other users are connected to exchange information 
based upon at least one of common or similar community, 
city, demographics, Social circles and social media presence 
to exchange information on consumption and saving. Prefer 
ably, the data processor a) considers input signals and iden 
tifies actions of a user in Switching on and off more than one 
device for the purpose of Switching set up and cataloguing of 
all Such devices; b) triggers a manual load disaggregation 
protocol; and c) identifies for the user at least one selected 
appliance to expedite load disaggregation thereon. Prefer 
ably, the system comprises a proactive interface for display of 
at least one piece of information on a home screen widget, a 
lock screen, and a status bar. Preferably, the system comprises 
a processor which enables energy consumption device to 
mobile computing device communications including a famil 
iarity detector which identifies “habit information of the 
user, said habit information being usable to perform device 
related tasks in the home without user input. 
Preferably, the system is enabled for energy consumption 
device to mobile computing device communications, wherein 
sensor data relating to docking or undocking of an energy 
consumption device to a power source is relayed to the pro 
cessor to create at least one of a docking and undocking 
profile. Preferably, a processor which collects other user data 
to aggregate with habit data and docking/undocking profile. 
Preferably, processor enables energy consumption device to 
mobile computing device communications including a famil 
iarity detector which collects “habit data in regards to the 
user, said processor performing task without user input. Pref 
erably, processor conveys user classification data to a power 
utility company to identify a Subset of users having a selected 
modeling user consumption behavior. Preferably, classifica 
tion data provided to utility company enables utility company 
to create targeted advertisements, targeted customer initia 
tives based on the customer classifications, and to design 
electric utility programs such as Demand Response based on 
customer classifications. 
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Preferably, the system is used to assist users in shared living 
arrangements in order to apportion power usage for share 
billing. Preferably, the system additionally comprises user 
proffered personal information, entered through the interface 
of the mobile device. Preferably, the processor is configured 
to, with at least one of user demographic data, user consump 
tion behavior and forecasts; utility bill forecasts, user historic 
patterns of power consumption, devise a budget. Preferably, 
processor is configured, based on at least one of user demo 
graphic data, user consumption behavior and forecasts; utility 
bill forecasts, user historic patterns of power consumptiona) 
to calculate budget balances at any time for a user; b) to 
calculate forecasted consumption in a selected time; c) to 
calculate any deviation in forecast VS actual in regards to 
power consumption. Preferably, processor is configured to 
detect deviations in habit behavior of user, such deviations 
indicating an absence from the home. Preferably, processor is 
configured to engage a user in live, real-time social events 
relating to power consumption and power conservation. Pref 
erably 
A method for use in creating a profile of managing and 
understanding power consumption in a home of a user, 
wherein said home comprises two or more power consuming 
devices which comprises: 
0376 measuring, via at least one sensor, aggregate energy 
consumption at the home; 
0377 receiving at a mobile computing device comprising 
a data processor, said aggregated signal from the sensor, 
0378 collecting and recording the aggregate signal over a 
plurality of time resolutions and frequencies, thereinto create 
a predicted aggregate signal for each time X and frequency; 
0379 detecting changes in the predicted aggregate signal 
at time X an frequency y (detected consumption pattern 
changes); and 
0380 conveying to at least one of the user, a utility com 
pany, and other third party a notification of detected con 
Sumption pattern changes. 
Preferably, wherein predicted aggregate signal is a power 
consumption forecast within the house for time X and fre 
quencyy and indicates behavioral patterns of the user (pattern 
of interest). Preferably, time is measured in an increment 
selected from the group consisting of second, minutes, hours, 
days, weeks, months, and years. 
Preferably, predicted aggregate signal is a forecast of aggre 
gate power usage over a billing period (forecast bill) and 
wherein method comprises calculating a forecast bill based 
on said predicted aggregate signal; comparing an actual bill 
over the billing period, assessing performance by comparing 
forecast bill to actual bill as follows: 

iP is P 

X (F- c 
iP 

ep = BF - BR = 

where C is hourly consumption, F is hourly forecast, B R is 
real billing cost, B F is the forecast bill, P is billing period, 
and E P is forecast error of the billing period period. 
Preferably, wherein patterns exist at different time intervals 
and frequencies and wherein consumption data provided in a 
resolution, is presented by C": 
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Preferably to resolve a correct time for a pattern of interest, B: 

0381 calculating mean (LL) and deviation (s) of each 
B-sized time interval (t), within the period length P: 
0382 a) P: 

for t = 1, T 
and 

N N 
d = , = 

8 

1é (Cal a) 

wherein BeC., since a desired pattern resolution is never 
Smaller than an original data's resolution. 
Preferably, forecasting consumption is based on mean and 
standard deviation and wherein a low standard deviation (S t) 
indicates a highly repetitive behavior in the given time reso 
lution and offset, a high deviation indicates no significance 
pattern. 

iP iP 

X (F- c ep = BF - BR = 
iP 

where C is the hourly consumption, F is the hourly forecast, 
B R is the real billing cost, B F is the forecasted bill, P is the 
billing period, and E P is the forecast error of the given 
period. 
Preferably, the method additionally comprises an analysis of 
consumption trends (predicted rate of change in consumption 
patterns) in the house which comprises: 

0383 whereintrends can be examined at different time 
resolutions and polynomial orders and wherein a lower 
time-resolution (large B values) make the trend analysis 
less sensitive to noise (highly deviated data with insig 
nificant forecasting value) and wherein higher polyno 
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mial orders are more responsive to change, but also more 
sensitive to noise, adjusting the consumption data's 
resolution; 
0384 using linear regression is used to detect the 
trend: 

n: polynomial order, c-ao'x'+a1,x'+...+a, x+a, 

wherein X is the time and c is the consumption and wherein 
the least-squared solution to the above polynomial is: 
m: data points, 

C 1 x ai . x do 
C2 1 x2 a; . x: a 

= -> Y = XA 

Cn 1 x, x2, ... x, lin 

0385 
first order: tr(x)=aox+a1 

a) determining consumption at a given time (X) 

0386 b) measuring accuracy of an estimated trend line 

A method of integrating the patterns before applying a trends 
analysis comprises: 
a) fork patterns and trends, 
'L's: mean and standard deviation at time X for patternu 
tr(x), ESS: trend estimate and error at time X for trend v 

wherein w(x) represents the total weight of all pattern fore 
casts at time X, and f(x) represents the final forecast value for 
all patterns/trends of the same time-resolution and wherein 
patterns/trends of varying resolution are converted to the 
lowest time-resolution: 

u: pattern, "pa = "ity 
: it: trend, p = "tr(x) 

p={p.p2,...,p', C.: resolution, fB: new resolu 
tion, BS-C. 

{ . (-1) - , s if X. tr} 
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A method comprises the following steps: 
a) integrate all patterns of the highest resolution; 
b) integrate no patterns/trends at lower resolution; 
c) integrate all patterns at next highest resolution; 
d) convert patterns/trends of varying resolution to the lowest 
time-resolution; and 
e) repeat steps a) to d) until no low resolution patterns exists. 
Preferably, the utility receives information relating to 
detected consumption pattern changes and then directs noti 
fication to the user of at least one of messages selected from 
the group consisting in whole or part of 

0387 a grid within which home is located is experienc 
ing an unusual over-consumption a request to user to 
turn off at least one power consuming device. 

Preferably, the utility company offers an incentive to user to 
turn offat least one power consuming device. Preferably, said 
incentive is selected from the group consisting of cash and 
prizes. Preferably, the processor is configured within a mobile 
computing device selected from the group consisting of a 
Smartphone, tablet, netbook and laptop, an In-Home Display 
(IHD) platform and a home-energy management device. 
Preferably, a mobile application runs on mobile computing 
device and enables operation of the method and wherein 
utility company and user interact via mobile application. 
Preferably, a mobile application runs on mobile computing 
device and enables operation of the method. Preferably, the 
notification of detected consumption pattern changes is con 
veyed via a communication interface selected from the group 
consisting of RS232, USB, Firewire, Ethernet, Zigbee, Wifi, 
Bluetooth, RFJID, wireless USB, cellular, and WMAN.com 
munication technologies 

1-30. (canceled) 
31. A system for use in creating a profile of managing and 

understanding power consumption in a home of a user, 
wherein said home comprises two or more power consuming 
devices which system comprises: 

a) at least one sensor configured to measure aggregate 
energy consumption at the home; 

b) a mobile computing device comprising a data processor; 
c) computer readable memory including computer read 

able instructions which, when executed by the proces 
Sor, cause the processor to perform the following steps: 
i) receive said aggregated signal from the sensor; ii) 
collect and record the aggregate signal over a plurality of 
time resolutions and frequencies, iii) create a predicted 
aggregate signal pattern for each time X and frequencyy; 
vi) to detect changes in the predicted aggregate signal 
pattern at time X an frequency y (detected consumption 
pattern changes); and 

d) a communication interface operably connected to the 
mobile computing device and configured for conveying 
to a user notification of detected consumption pattern 
changes. 

32. A system for use in creating a profile of managing and 
understanding power consumption in a home, wherein said 
home comprises two or more power consuming devices 
which system comprises: 

a) at least one sensor configured to measure at least one 
energy consumption variable associated with at least one 
energy consumption device within the home (“the 
Selected device') and to generate at least one aggregated 
output signal therefrom; 

b) a mobile computing device comprising a data processor; 

27 
Jan. 8, 2015 

c) computer readable memory comprising memory com 
prising a catalogue of a plurality of devices and one of a 
respective or estimated power draw of each Such device, 
said memory including computer readable instructions 
which, when executed by the processor, cause the pro 
cessor to perform the following steps: i) receive said 
aggregated signal from the sensor; ii) create and update 
a power profile for the selected device, iii) collect and 
analyze raw data in real time, iv) calculate a delta for 
each selected device (difference between an on state and 
an off state); v) calculate an estimated delta for the 
selected device, using ON-OFF sequences thereby 
acquiring a start value and end value, and vi) comparing 
the start value and end value to assess reliability of the 
estimated delta for the selected device; and 

d) a communication interface operably connected to the 
mobile computing device and configured for receiving 
user commands and queries, for requesting user input in 
respect to said devices and for transmitting information 
relating to the devices to the user. 

33. The system of claim 31 additionally comprising the 
features of claim 32. 

34. (canceled) 
35. (canceled) 
36. The system of claim 32 wherein the data processor 

creates a power profile for a first selected device by instruct 
ing a user, via the interface, to independently Switch said 
device between on-off positions (“Switching set up proto 
col”), at least one time, to isolate a power draw for said device 
from the aggregated signal, and wherein data processor rec 
ognizes that the first device was selected and to isolate a 
differential in the aggregate signal based on differing Switch 
positions during the Switching set up protocol, said differen 
tial being the energy draw of the first device. 

37-53. (canceled) 
54. The system of claim 32 wherein the interface is con 

figured to proactively convey notifications to a user, Such 
notifications being generated by the processor in response to 
data analysis Such notifications: a) proactively reminding 
users of a “left-on' device; b) providing a breakdown of any 
devices left on by accident; c) relaying consequences of "left 
on devices; and d) providing home security feedback to 
USCS. 

55. The system of claim 31 wherein the processor measures 
at least one energy consumption variable associated with at 
least one energy consumption device within the home auto 
matically and without a user trigger/request. 

56. (canceled) 
57. (canceled) 
58. The system of claim 32 wherein a user creates a power 

profile for an energy consumption device by way of an appli 
cation on a mobile processing device which application may 
be pre-installed on mobile devices during manufacture or can 
be downloaded by users/customers from various mobile soft 
ware distribution platforms, or web applications delivered 
over, for example, HTTP which use server-side or client-side 
processing (for example, JavaScript) to provide an “applica 
tion-like' experience within a Web browser. 

59. The system of claim 31 wherein the data processor 
monitors a users away from the home hours based on usual 
power consumption patterns and stores data in memory in this 
regard, such monitoring being based upon at least one of the 
following: specific triggers in real-time power consumption 
indicative of whether a user is about to leave home; specific 
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triggers in real-time power consumption indicative of 
whether a user has just left home; user input via interface; 
cues from a user's computing platform (including GPS sig 
nals); and external power signals (including Wi-Fi range and 
availability) and other metrics usable to gauge a user's proX 
imity to the home. 

60. (canceled) 
61. (canceled) 
62. The system of claim 32 wherein the catalogue so cre 

ated can be used for consumer analytics: a) defining and 
classifying user demographics; b) modeling user consump 
tion behavior; c) forecasting utility bills; and d) forecasting 
consumption (collectively “user classification'). 

63-69. (canceled) 
70. The system of claim 31 which comprises a processor 

which enables energy consumption device to mobile comput 
ing device communications including a familiarity detector 
which identifies "habit' information of the user, said habit 
information being usable to perform device related tasks in 
the home without user input. 

71-82. (canceled) 
83. A method for use in creating a profile of managing and 

understanding power consumption in a home of a user, 
wherein said home comprises two or more power consuming 
devices which comprises: 

a) measuring, Via at least one sensor, aggregate energy 
consumption at the home; 

b) receiving at a mobile computing device comprising a 
data processor, said aggregated signal from the sensor, 

c) collecting and recording the aggregate signal over a 
plurality of time resolutions and frequencies, therein to 
create a predicted aggregate signal for each time X and 
frequency y; 

d) detecting changes in the predicted aggregate signal at 
time X an frequency y (detected consumption pattern 
changes); and 

e) conveying to at least one of the user, a utility company, 
and other third party a notification of detected consump 
tion pattern changes. 

84. The method of claim 83 wherein predicted aggregate 
signal is a power consumption forecast within the house for 
time X and frequency y and indicates behavioral patterns of 
the user (pattern of interest). 

85. The method of claim 83 whereintime is measured in an 
increment selected from the group consisting of second, min 
utes, hours, days, weeks, months, and years. 

86. The method of claim 83 wherein predicted aggregate 
signal is a forecast of aggregate power usage over a billing 
period (forecast bill) and wherein method comprises calcu 
lating a forecast bill based on said predicted aggregate signal; 
comparing an actual bill over the billing period, assessing 
performance by comparing forecast bill to actual bill as fol 
lows: 

iP 

iP 
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-continued 

where C is hourly consumption, Fis hourly forecast, B is real 
billing cost, B, is the forecast bill, P is billing period, and E. 
is forecast error of the billing period period. 

87. The method of claim 83 wherein patterns exist at dif 
ferent time intervals and frequencies and wherein consump 
tion data provided in a resolution, is presented by C: 

C={C.C.C.,..., C. 

a) resolve a correct time for a pattern of interest, B: 

N 
ew size N = 

C = C, C, C) 
C = 

f 2.É. K. : p ki 
XEC, XC, ... , X C - k = 1, N: C = X C. 
i=1 i=?+1 -(-) - i={k-1} +1 

b) calculating mean (L) and deviation (s) of each B-sized 
time interval (t), within the period length P: 

wherein BeC., since a desired pattern resolution is never 
Smaller than an original data's resolution; and 

c) forecasting consumption based on mean and standard 
deviation and wherein a low standard deviation (s) indi 
cates a highly repetitive behavior in the given time reso 
lution and offset, a high deviation indicates no signifi 
cance pattern. 

iP 
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-continued 

BF = X F. 
iP 

ep = BF - BR = X (F- C 
iP 

where C is the hourly consumption, F is the hourly forecast, 
B is the real billing cost, B is the forecasted bill, P is the 
billing period, and E is the forecast error of the given period. 

88. The method of claim 83 additionally comprising an 
analysis of consumption trends (predicted rate of change in 
consumption patterns) in the house which comprises: 

wherein trends can be examined at different time-resolu 
tions and polynomial orders and wherein a lower time 
resolution (large B values) make the trend analysis less 
sensitive to noise (highly deviated data with insignifi 
cant forecasting value) and wherein higher polynomial 
orders are more responsive to change, but also more 
sensitive to noise, 
a) adjusting the consumption data's resolution; 
b) using linear regression is used to detect the trend: 
n: polynomial order, c-aoix'+a1,x'+...+a, x+a, 

wherein X is the time and c is the consumption and wherein 
the least-squared solution to the above polynomial is: 
m: data points, 

C 1 x1 xi ... x do 
C2 1 x2 x3 ... x: ||al 

-> Y = XA 

Cn 1 x, x2, ... x, lin 
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c) determining consumption at a given time (X) 
first order: tr(x)=aox+a1 

d) measuring accuracy of an estimated trend line 

89. (canceled) 
90. (canceled) 
91. The method of claim 83 wherein the utility receives 

information relating to detected consumption pattern changes 
and then directs notification to the user of at least one of 
messages selected from the group consisting in whole or part 
of: 

a grid within which home is located is experiencing an 
unusual over-consumption 

a request to user to turn off at least one power consuming 
device. 

92. (canceled) 
93. (canceled) 
94. The method of claim 83 wherein the processor is con 

figured within a mobile computing device selected from the 
group consisting of a Smartphone, tablet, netbook and laptop, 
an In-Home Display (IHD) platform and a home-energy man 
agement device 

95. (canceled) 
96. (canceled) 
97. The method of claim 83 wherein the notification of 

detected consumption pattern changes is conveyed via a com 
munication interface selected from the group consisting of 
RS232, USB, Firewire, Ethernet, Zigbee, Wifi, Bluetooth, 
RFJID, wireless USB, cellular, and WMAN communication 
technologies 


