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(57) Abstract: A system can generate a heavy load pre-warning or an overload pre-warning for distribution transformers. Operation
of the system can include selecting data records received from a plurality of data sources; converting the data records in the plurality
of different data formats; filtering the data records in the database by using a predetermined threshold and matching each of the
filtered data records with one of a plurality of distribution transformers; transtorming the matched data records to a plurality of pre -
defined predictor variables; selecting a subset of the plurality of predefined predictor variables; training, testing and tuning a model
and forecasting at least one of heavy load or overload for each of the plurality of distribution transformers in a predetermined region.
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POWER DISTRIBUTION TRANSFORMER LOAD PREDICTION ANALYSIS SYSTEM

FIELD OF THE TECHNOLOGY

[0001] The disclosure relates to the field of heavy load/overload forecasts for distribution
transformers, and more particularly, it relates to a method, a device and a system for providing

heavy load/overload pre-warnings for distribution transformers.

BACKGROUND OF THE TECHNOLOGY

[0002] A distribution transformer is one type of transformer that can provide the final
voltage transformation in the electric power distribution system. The distribution transformer
changes the primary voltage received to a secondary voltage that can be used by customers of an

electric utility system.

[0003] In areas with rapid economic growth, distribution transformer heavy load and
overload occur frequently. The utility companies use the heavy load and overload prediction
analysis to re-allocate the network resources, protect the network assets and reduce customer
complaints. However, current load forecasting methods are not suitable for handling the large
amount of distribution transformers with a high volume of load data and high variety of loading
patterns. Particularly, the existing forecasting methods are not developed for providing the
heavy load/overload pre-warmings for both short-term and mid-term forecast by utilizing the high
volume of data from multiple sources. As such, the generation of pre-warnings by using the high
volume of data from multiple sources for a large number of distribution transformers with a high

variety of loading patterns is needed.
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SUMMARY

[0004] Examples of the present disclosure provide at least a method, a device and a
system for providing heavy load/overload pre-warnings for distribution transformers. Some of
examples of the present disclosure may be provided as follows:

[0005] A method for providing a heavy load pre-warning or an overload pre-warning for
distribution transformers may be provided as an example. The method may include: selecting
data records received from a plurality of data sources, the data records including electric power
usage related information, where at least some of the data records are in a plurality of different
data formats; and converting the data records in the plurality of different data formats into a pre-
defined data format and populating a database with the converted data records.

[0006] The method may also include: filtering the data records in the database by using a
predetermined criterion and matching each of the filtered data records with one of a plurality of
distribution transformers; transforming the matched data records to a plurality of predictor
variables calculating values of the predictor variables from the matched data records according to
a set of pre-designed methods, where the plurality of predefined predictor variables are designed
to reduce a data record volume.

[0007] The method may further include: selecting a subset of the plurality of predefined
predictor variables, where the predictor variables are selected according to a correlation test
result; training, testing and tuning a model based on the selected subset of predictor variables and
a subset of matched data records; forecasting at least one of heavy load or overload for each of
the plurality of distribution transformers in a predetermined region based on the model for
providing a heavy load pre-warning and/or an overload pre-warning for each of the distribution

transformers in the predetermined region; and displaying the forecasted heavy load or overload
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for the plurality of distribution transformers in a user interface for upgrading the distribution

transformers and/or generating a system alert for the distribution transformers.

[0008] A device to provide a heavy load pre-warning or an overload pre-warning for
distribution transformers may also be provided as an example of the present disclosure. The
device may include: a processor; a transceiver in communication with the processor, and a
computable readable medium and a database. The transceiver may be configured to receive data
records from a plurality of data feeds, the data records comprising electric power usage related
information, where at least some of the data records are in a plurality of different data formats.
The database may be stored in a non-transitory computable readable medium in communication
with the processor. The processor may be configured to convert the data records in the plurality
of different data formats into a pre-defined data format and populate the database with the
converted data records with the pre-defined data format.

[0009] The processor of the device may further be configured to: filter the data records in
the database by using a predetermined condition, and associate each of the converted data
records with one of a plurality of distribution transformers; transform the associated data records
to a plurality of predefined predictor variables by calculating values of the predictor variables
from the matched data records according to a set of pre-designed methods, wherein the plurality
of predefined predictor variables are designed to reduce a data record volume; and select a subset
of the plurality of predefined predictor variables, wherein the predictor variables in the selected
subset are selected according to a correlation test result.

[0010] The processor of the device may further be configured to: train, test and tune a
model based on the selected subset of variables and a subset of matched data records; forecast at

least one of heavy load or overload for each of the plurality of distribution transformers in a
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predetermined region based on the model for providing the heavy load pre-warning or the
overload pre-warning for the distribution transformers in the predetermined region and display
the forecasted heavy load or overload for the plurality of distribution transformers in a user
interface for upgrading the distribution transformers and/or generating a system alert for the
distribution transformers.

[0011] A system for providing a heavy load pre-warning or an overload pre-waming for
distribution transformers may be provided as additional example of the present disclosure. The
system may include: at least one processor, a computer readable medium which is other than
transitory, and instructions stored in the computer readable medium. The system may have
instructions that are executable by the at least one processor that may cause the system to:
receive data records from a plurality of data feeds, the data records comprising electric power
usage related information, where at least some of the data records are in a plurality of different
data layouts.

[0012] The system may include instructions that are executable by the at least one
processor and cause the system to: convert the data records in the plurality of different data
layouts into a pre-defined data layout and populate a database with the converted data records;
filter the data records in the database by using a predetermined condition and associate each of
the converted data records with one of a plurality of distribution transformers; and transform the
associated data records to a plurality of predefined predictor variables calculating values of the
predictor variables from the matched data records according to a set of pre-designed methods,
where the plurality of predefined predictor variables are designed to decrease a data record

volume.

[0013] Further, the system may have instructions that are executable by the at least one
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processor that may cause the system to: select a subset of the plurality of predefined predictor
variables, where the predictor variables in the selected subset may be selected according to a
correlation test result; train, test and tune a model based on the selected subset of variables and a
subset of matched data records; forecast at least one of heavy load or overload for each of the
plurality of distribution transformers in a predetermined geographic region based on the model
for providing the heavy load pre-warning or the overload pre-warning for the distribution
transformers in the predetermined geographic region; and display the forecasted heavy load or
overload for the plurality of distribution transformers in a user interface for upgrading the

distribution transformers or generating a system alert for the distribution transformers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] To explain the technical proposals of the examples of the present disclosure more
clearly, the appended drawings used in the examples are briefly described hereunder.
Apparently, the following described drawings are some examples of the present disclosure, but
for persons skilled in the art, other drawings may be obtained without creative works according

to these drawings.

[0015] The system and/or method may be better understood with reference to the
following drawings and description. Non-limiting and non-exhaustive descriptions are described
with reference to the following drawings. The components in the figures are not necessarily to
scale, emphasis instead being placed upon illustrating principles. In the figures, like referenced
numerals may refer to like parts throughout the different figures unless otherwise specified.
[0016] Fig. 1 is a flowchart of an example of a method for providing heavy load/overload

pre-warnings for distribution transformers.
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[0017] Fig. 2 illustrates a device for providing heavy load/overload pre-warnings for

distribution transformers.

[0018] Fig. 3 illustrates a system having a computer readable medium for providing

heavy load/overload pre-warnings for distribution transformers.

[0019] Fig. 4 illustrates procedures of data preparation.
[0020] Fig. 5 shows an example of time period selection of the data for the short-term.
[0021] Fig. 6 shows examples of data to be loaded for providing heavy load/overload

pre-warnings for distribution transformers.

[0022] Fig. 7 shows an example of transformer load data checking.

[0023] Fig. 8 shows an example of matching load data and customer data.

[0024] Fig. 9 illustrates an example of data matching hierarchy.

[0025] Fig. 10 illustrates an example of data checking and matching process.
[0026] Fig. 11 illustrates an example of overall modeling and predicting process.
[0027] Fig. 12 illustrates an example of model training, testing and tuning process.
[0028] Fig. 13 shows an example of a correlation sub-model to incorporate weather

forecast for the short-term.

[0029] Fig. 14 illustrates the sliding window model testing approach for the short-term

pre-warnings.

[0030] Fig. 15 illustrates the division of training and testing sets for the mid-term pre-

warnings.
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[0031] Fig. 16 shows an example of model fitting and tuning procedures in a block view.
[0032] Fig. 17 shows an example of modeling and predicting process.
[0033] Fig. 18 shows an example of overall methodology of generating the short-term

pre-warnings.

[0034] Fig. 19 illustrative embodiment of a power distribution transformer loading

analysis system.

DETAILED DESCRIPTION OF ILLUSTRATED EXAMPLES

[0035] The principles described herein may be embodied in many different forms. Not
all of the depicted components may be required, however, and some implementations may
include additional components. Variations in the arrangement and type of the components may
be made without departing from the spirit or scope of the claims as set forth herein. Additional,

different or fewer components may be provided.

[0036] Reference throughout this specification to “one example,” “an example,”
“examples,” “one embodiment,” “an embodiment,” “example embodiment,” or the like in the
singular or plural means that one or more particular features, structures, or characteristics
described in connection with an embodiment or an example is included in at least one
embodiment or one example of the present disclosure. Thus, the appearances of the phrases ““in
one embodiment,” “in an embodiment,” “in an example embodiment,” “in one example,” “in an
example,” or the like in the singular or plural in various places throughout this specification are

not necessarily all referring to the same embodiment or a single embodiment. Furthermore, the

particular features, structures, or characteristics may be combined in any suitable manner in one
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or more embodiments or examples.

[0037] The terminology used in the description herein is for the purpose of describing
particular examples only and is not intended to be limiting. As used herein, the singular forms
“a,” “an,” and “‘the” are intended to include the plural forms as well, unless the context clearly
indicates otherwise. Also, as used in the description herein and throughout the claims that follow,
the meaning of “in” includes “in” and “on” unless the context clearly dictates otherwise. It will
also be understood that the term “and/or” as used herein refers to and encompasses any and all
possible combinations of one or more of the associated listed items. It will be further understood
that the terms ““may include,” “including,” “comprises,” and/or “comprising,” when used in this
specification, specify the presence of stated features, operations, elements, and/or components,

but do not preclude the presence or addition of one or more other features, operations, elements,

components, and/or groups thereof.

[0038] As used herein, the terms “module,” or “unit” may refer to, be part of, or include
an Application Specific Integrated Circuit (ASIC); an electronic circuit; a combinational logic
circuit; a field programmable gate array (FPGA); a processor (shared, dedicated, or group) that
executes code; other suitable hardware components that provide the described functionality; or a
combination of some or all of the above, such as in a system-on-chip. The term "module" or
"unit" may include memory (shared, dedicated, or group) that stores code executed by the

Processor.

[0039] The exemplary environment may include a server, a client, and a communication
network. The server and the client may be coupled through the communication network for
information exchange, such as sending/receiving identification information, sending/receiving

data files such as splash screen images, etc. Although only one client and one server are shown in



10

15

20

WO 2016/109946 PCT/CN2015/070239

the environment, any number of terminals or servers may be included, and other devices may

also be included.

[0040] The described communication between devices may include any appropriate type
of communication network for providing network connections to the server and client or among
multiple servers or clients. For example, communication network may include the Internet or
other types of computer networks or telecommunication networks, either wired or wireless. In
embodiments, the disclosed methods and apparatus may be implemented, for example, in a

wireless network that includes at least one client.

[0041] In some cases, the client may refer to any appropriate user terminal with certain
computing capabilities, such as a personal computer (PC), a work station computer, a server
computer, a hand-held computing device (tablet), a smart phone or mobile phone, or any other
user-side computing device. In various embodiments, the client may include a network access

device. The client may be stationary or mobile.

[0042] A server, as used herein, may refer to one or more server computers configured to
provide certain server functionalities, such as database management and search engines. A server

may also include one or more processors to execute computer programs in parallel.

[0043] The embodiments/examples and the features in the embodiments/examples may
be combined with each other in a non-conflicting condition. The inventive aspects will become
apparent from the following detailed description when taken in conjunction with the

accompanying drawings.

[0044] The steps illustrated in the flowchart of the drawings may be performed at least

partially in a set of computer devices using executable program code. And the order of the steps
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may be different from that in the drawings under some status, although an example logic order is

shown in the flowchart.

[0045] The purpose, technical proposal and advantages in the examples of the present
disclosure will be clear and complete from the following detailed description when taken in
conjunction with the appended drawings. Apparently, the examples described thereinafter are
merely a part of examples of the present disclosure, not all examples. Persons skilled in the art

can obtain all other examples without creative works, based on these examples.

[0046] In areas with rapid economic growth, heavy loading and overloading for
distribution transformers may occur frequently. Such heavy loading and overloading may
damage the equipment and may lead to power outages. Therefore, it is important for the utility
companies to know which distribution transformers may be loaded heavily and/or overloaded in
the next year and/or in the next week. Such knowledge of the future may facilitate the annual

planning and the emergency preparation.

[0047] However, at least two flaws may be found in using traditional load forecasting
methods for distribution transformers: (1) Current load forecasting methods may need much
longer historical data for a mid-term (such as one year ahead) prediction; (2) Load forecasting
methods may need model-tuning for different loading characteristics, which means current load
forecasting methods can’t handle large amounts of distribution transformers with a high variety

of load patterns.

[0048] The current disclosure is to develop a mid-term (such as a one year ahead) pre-
warning model and a short-term (such as one week ahead) pre-warning model for distribution

transformers. Both models can provide heavy-loading and overloading probabilities during a

10
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predicted-period for each distribution transformer in an area of interest.

[0049] The current disclosure may provide reusable predictive analytic solutions for the
utility company’s asset management in the distribution network. For example, the mid-term
model may provide reference for investment on distribution transformers to optimize the priority
of transformer upgrading and routine maintenance; the short-term model may provide support for
critical periods such as summer including decreasing the response time of repair, optimizing

patrol route, and therefore reducing user complaints.

[0050] Fig. 1 is a flowchart of an example of a method for providing heavy load/overload
pre-warnings for distribution transformers. All steps shown in Fig. 1 may be performed by one

or more processors 10 and may include execution of instructions 14 stored in memory 12.

[0051] Step 110: selecting and converting data records. One example implementation of
Step 110 may include: selecting, with a processor 10, data records received from a plurality of
data sources, the data records comprising electric power usage related information, wherein at
least some of the data records are in a plurality of different data formats; and converting the data
records in the plurality of different data formats into a pre-defined data format and populating a

database 20 with the converted data records using the processor 10.

[0052] One or more utility companies or other data collectors may store data in various
data sources and in different data formats. Due to the development of smart grid, large volumes
of data have been collected and stored in utility companies’ information systems, such as
Advanced Metering Infrastructure AMI data, customer data, equipment data and weather data,
and other data related to power distribution. The data may be collected at different times and

may be stored in different data systems. Each data system may have its own data format. For

11
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example, some data may be stored in an oracle database, and some other data may simply be
stored in an Excel spreadsheet. Therefore, even for one utility company or one data collector,

data may be stored in different formats.

[0053] The data for generating pre-warning for distribution transformers may be selected
from various data sources. Data records may include electric power usage related information,
weather information and customer information that may be used for generating pre-warnings.
Some of the data may be stored in utility companies’ databases aﬁd some of data sources may be
stored outside utilities companies’ data system. For example, the utility companies may store or
process AMI data in their own systems, or alternatively, the utility companies may utilize third
party systems or cloud computing/storage for storing and processing data. As shown in Fig. 1,
the one or more processors 10 may execute instructions 14 stored in memory 12 to read and
select data from various data sources. The data to be selected may be evaluated by reviewing the
project objective, checking the data availability and confirming the data for the pre-warning
generation. As the data is read and selected for generating pre-warnings for distribution
transformers, the data records selected and read may include electric power usage related data,

weather data, customer data and other data related to power distribution.

[0054] The selected data records may be converted and stored in database 20. One
example implementation may be to use an Oracle database to store the selected data records and
utilize executable instructions such as R scripts to conduct the data processing. In order to utilize
data retrieved to generate pre-warnings in a single system, the data can be placed in the uniform
data format, for example a single Oracle database format. As such, data records selected and
read from various sources having different data formats may be converted into a single data

format. The data conversion may be performed before or after the data records are retrieved and

12
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stored in the database 20.

[0055] Even though the source data may be in the same type of data format such as
Oracle database format, the data conversion may still be performed. The data definitions for the
same data fields in different databases may be different. For example, the data definition for
distribution transformer identification (ID) in two source Oracle database systems may be
different. One system may define the distribution transformer ID as a ten character field, and
another system may define as a fifteen character field. Therefore, the data conversion may be

performed when different transformer IDs are loaded into the database 20.

[0056] Step 120: Filtering matched data records and transforming data records to

predefined predictor variables to reduce a data volume.

[0057] One example implementation of Step 120 may include: filtering, with the
processor 10, the data records in the database 20 by using a predetermined criterion and
matching each of the filtered data records with one of a plurality of distribution transformers; and
transforming the matched data records to a plurality of predictor variables with the processor by
calculating values of the predictor variables from the matched data records according to a set of
pre-designed methods, wherein the plurality of predefined predictor variables are designed to

reduce a data record volume.

[0058] Another example for Step 120 may include: filtering, with the processor 10, the
data records in the database 20 by using a predetermined criterion (sometimes may be referred as
a threshold) and matching each of the filtered data records with one of a plurality of distribution
transformers; and calculating predictor variables from the matched data records by a set of pre-

designed methods with the processor 10, wherein the plurality of predefined predictor variables

13
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are designed to reduce a data record volume and capture the features that are related to the future

heavy load and overload.

[0059] Data records may be loaded into the database 20 after filtering out the undesired
data records by data checking. Data records may be checked or validated before loading. For
example the data quality may be checked before loading. The data quality criteria for
transformers may include, for example: whether the data records selected have value key values,
and whether different data are matched correctly. In addition, the data quality check may include
the percentage of valid daily load data. For example, a period having more than 85% of valid
daily load data may be considered as a valid load data period, otherwise, the period may not be
valid. The daily load may also contain a validity point check. For example, where there are 96
preset valid points identified for the daily load, the daily load may be considered valid data by
the validity point check if less than 6 out of 96 valid points are missing, no continuous valid

points are missing, and load values are not all 0.

[0060] Data records in the database 20 are matched according to their relationship.
Because data records may be read and selected from various sources, the relationship between
data records may be established before data records may be used for pre-warning generation. For
example, data records from different data sources may be matched based on the transformer
identification number (ID). Data records for the same transformer ID but for different dates may
be matched to multiple data records for different users but with the same transformer ID. The
data records matching may be conducted after the data records are loaded in the database 20 and

the undesired records are filtered out.

[0061] Predictor variables may be defined for pre-warning for model training and

prediction. An approach / methodology may be developed to define and identify the key

14
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predictor variables for predicting the future heavy loading and overloading conditions. By a set
of methods, predictor variables describing the features of distribution transformers may be
calculated from the pre-processed data records for modeling. Using predictor variables may
dramatically reduce the data volume, while highlighting the features that are related to the future
heavy load / overload. The methods in both power system and statistics domain may be used in
designing predictor variables. Moreover, if a pattern that has relationship with future heavy load
and/or overload is observed in the data exploration or model tuning process, a predictor variable

may be designed to represent this pattern.

[0062] Predictor variables may be selected and tested before and during model fitting and
testing process. Predictor variables may be reusable for different application areas. For
example, a variable of weighted average load is defined as the weighted yearly average load
during summer peak time. The variable may be for mid-term pre-warning and reflect the overall
loading level, which may have a strong correlation with future heavy load / overload. An

example formula to calculate weighted average load is:
[0063] Yearly_Avg_Load(a) = a X AVGy, + (1 — a) X AVGy, Equation 1

[0064] Where,

[0065] AV Gy, AVGy,: Average load of Year 1 and Year 2.
[0066] The range of a is [0, 0.5], the default value is 0.4
[0067] As another example for mid-term pre-warning, the variable of valley to peak ratio

may describe the mean value of a valley to peak ratio of daily load curves. The loadings with
lower valley to peak ratios may be more volatile, and therefore may be more likely to overload

even with the same average load level.
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min(Daily_Load[i])

[0068] Daily VP_Ratio[i] = — Datiy Loadii] Equation 2
[0069] VP_Ratio = mean(Daily_VP_Ratio) Equation 3
[0070] Where,

[0071] Daily_Load[i]: can be, for example, a 96-point load curve of i™ day.

[0072] A predetermined time period of data, such as three years of data may be used for

mid-term modeling. Data of year one & two, for example, may be used for calculating the
predictor variables for model fitting, and the data of year two & three, for example, may be used

for updating the predictor variables for the predicting the heavy load / overload of the 4® year.

[0073] The predictor variables may also be defined particularly for short-term pre-
warning. For example, in short-term pre-warning, the data freshness and completeness may be
both considered in selecting data. As the trend in recent load may have more correlation to the
future load than earlier load variations, a recent period (such as four weeks before the predicted

week) may be selected as a data section.

[0074] Furthermore, the predictor variables may be defined both for short-term and mid-
term pre-warnings. For example, the overall peak period of last year that may be defined for
mid-term pre-warning may also be used for short-term warning as the overall peak period of last

year may also cover the complete short-term prediction period.

[0075] The predictor variables may be defined according to pre-defined categories. For
example, thirteen predictor variables defined for mid-term pre-warnings may be categorized into
three categories as shown in Table 1. In another example, thirty-five predictor variables defined

for short-term pre-warnings may be categorized into five categories as shown in Table 2.
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Table 1 predictor variables designed for the mid-term pre-warnings.
Number of
Category predictor Remark
variables
Load 2 ]d)escrlptlve statistics on load
ata
User 3 Descnp?lgn of user
composition
Temperature sensitivity ’ Correlation between
variables temperature and load

Table 2 predictor variables designed for the short-term pre-warnings.
Category Nul'nber of predictor Remark
variables

Load of last year 10 Descriptive statistics on load data
Load “of the recent 10 Descriptive statistics on load data
weeks
Temperature 4 Correlation between temperature
sensitivity and load

a correlation between the
X‘Zﬁg&er forecast 8 temperature and the load of each

distribution transformer
User related 3 Description of user composition

[0076] Predictor variables may also be defined dynamically. For example, if a pattern

that has relationship with future heavy load and/or overload and is observed during the data
processing such as data exploration or data model tuning process, a predictor variable may be

designed to represent this pattern.

[0077] Data records may be fitted and transformed into predictor variables. For example,
data records selected and loaded may be used to calculate predictor variables describing features

of distribution transformers.

[0078] A transforming process may be to develop values of one or more predictor
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variables and store those values in the database 20 for the use in the later process. The
transforming process may be a value development process for a predictor variable. The value
development process may be a process to calculate values for one or more predictor variables by
using selected and loaded data records. For example, in order to develop values for the predictor
variable valley to peak ratio as shown in equation 2 above, the daily load values are read from

data records, and the maximum and minimum load are determined from the daily load.

[0079] The value development process may also be a process to map values of one or
more predictor variables by using the data record. For example, if a predictor variable may be
defined as daily high temperature, the high temperature for each day may be retrieved from the
data records selected and load and mapped to the predictor variable daily high temperature.
After the fitting and transforming process, values of one or more predictor variables may be
stored in the database 20 and may be ready for the later process. Because the values for the
predictor variables may be only data values needed for the later process, the data records loaded
and sclected may not be used after the predictor variables are fitted with values. As such, the
storage space in the database 20 for storing data records may be released after the fitting process
is performed. Furthermore, because of the introduction of the predictor variables in the modeling
process, values of predictor variables may only be used for the modeling process, only values of
predictor variables may be loaded and processed in the memory 12 and by the processor 10
during the modeling process, there may not be any need to read and load data records originally

selected and loaded. As such, the data volume for the whole process may be dramatically

reduced.
[0080] Step 130: selecting a subset of predictor variables.
[0081] One example implementation of Step 130 may include: selecting, with the
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processor 10, a subset of the plurality of predefined predictor variables, wherein the predictor

variables are selected according to a correlation test result.

[0082] Another implementation of Step 130 may include: selecting, with the processor
10, a subset of fitted data records from the database 20 for a selected subset of the plurality of
predefined predictor variables, wherein the predictor variables in the selected subset are selected

according to a correlation test result and a model tuning process for the predictor variables.

[0083] Only a subset of data records may be used for generating pre-warnings. Data
records selected and loaded may contain more data records than the generation of pre-warning
may need. As provided in Step 120, by fitting and transforming data records into predictor
variables, the data volume may be dramatically reduced because one predictor variable value
may represent many data records. Furthermore, because only a subset of predictor variables may
be used for generating pre-warnings, the quantity of data records used for pre-warning generation

may be further reduced.

[0084] Data model fitting and turning procedure may be used to select the subset of the
predictor variables that are used for generating pre-warnings. For example, in order to select the
subset of predictor variables for pre-warning generation, correlation tests may be developed.
One example of correlation test may be for the system to determine whether the value of a pre-
defined predictor variable relates to the historical outcome of heavy load and/or overload. If the
value change of the pre-defined predictor variable relates to the known history heavy load and/or
overload outcome for distribution transformers, the predictor variable may be a correlated
variable and may be selected by the system, otherwise, the predictor variable may be removed
from the subset. Another example of correlation test may be to for the system to determine

whether values of two or more predictor variables move substantially in unison, such as by
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changing by about the same percentage. If values for two or more predictor variables change

substantially together, only one of them may be selected by the processor 10.

[0085] The selection of predictor variables may be conducted by the system multiple
times. After the initial subset is determined, additional selections for the subset of predictor
variables may be conducted. For example, a testing modeling run may be conducted by the
system with the initial selected subset of predictor variables. If a testing result fails, the system
may adjust the predictor variables. The adjustment may include the system replacing one or
more predictor variables with predictor variables removed during the initial predictor variable
selection process (see step 120). The additional testing modeling run may be conducted by the
system after the adjustment to the predictor variables is made by the system. The above

adjustment and testing run may be repeated multiple times.

[0086] Step 140: Training, testing and tuning a model based on the subset of variables
and a subset of matched data records. This step may include: training, testing and tuning a model

based on the selected subset of variables and a subset of matched data records.

[0087] Another example of Step 140 may include: generating, with the processor 10, a
model test result for each of the plurality of distribution transformers based on the selected
subset of fitted data records, the selected subset of predefined predictor variables and a historical

heavy load and/or overload result.

[0088] The pre-warning models may be determined by the method by using a
classification algorithm. For example, the mid-term and short-term pre-warning models may be
derived based on a classification algorithm such as a logistic regression. The methodology of

heavy load and/or overload pre-warning may be to apply a classification algorithm that is
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capable of distinguishing the distribution transformers which are likely to have heavy or
overload in the pre-warning period. Several classification algorithms may be used for
transformer heavy load and overload pre-warning. For example, logistic regression may be used
as the classifier. The benefits of logistic regression may include the algorithm matureness, fast

training speed and transparency for model interpretation.

[0089] In order to training, testing and tuning the model, date preparation may be
required. First of all, the predictor variables that may be used in the model generation are
selected. The predictor variables may be a subset of the defined predictor variables. The fitted
data, including preprocessed and selected data, may be a subset of matched data records. The
data from the related data sources may also be converted and transformed into a set of predictor
variables to fit the model. In addition, the historical outcomes of heavy load and/or overload for
distribution transformers may be used. The historical outcomes may be a subset of available

outcomes of heavy load and/or overload for a selected group of distribution transformers.

[0090] Further, training, testing and tuning the model may require the adjustment of
predictor variables. For example, if the predicted outcome predicted by the model does not
match the historical outcome, the selected predictor variables may be adjusted. The adjustment
process may include replacing the predictor variables with similar variables, replacing the
predictor variables with different variables, or replacing the predictor variables by creating new

variables. The adjustment process may be further illustrated in Fig. 16.

[0091] Step 150: forecasting and displaying heavy load or overload for distribution
transformers.
[0092] One example implementation of Step 150 may include: forecasting at least one of
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heavy load or overload for each of the plurality of distribution transformers in a predetermined
region based on the model to provide the heavy load pre-warning or the overload pre-warning for
the distribution transformers in the predetermined region; and displaying the forecasted heavy
load or overload for the plurality of distribution transformers in a user interface 16 for upgrading

the distribution transformers or generating a system alert for the distribution transformers.

[0093] The probabilities of heavy load and/or overload for distribution transformers in a
predefined region may be generated by combining the results of pre-warning models and updated
predictor variables with historical values. The results of pre-warning models may provide a
benchmark of the heavy load and/or overload for distribution transformers. However, the model
may have bias. For example, during a short-term pre-warning period, a hurricane coming and
leaving the predicted area may cause rapid temperature changes, which affects the accuracy of
the model result. As such, the updated predictor variables form historical data with weather
similar to the predicted period may be used to better forecast the probabilities of heavy load

and/or overload for distribution transformers.

[0094] The distribution transformers that are evaluated may be in a predefined
geographic region. For example, the geographic region may define an economic zone with
growing needs for electricity. While the utility company may consider upgrading distribution
transformers in the economic zone, the probabilities of heavy load and/or overload for
distribution transformers in the region may assist the utility company to identify distribution
transformers to be replaced. The predefined region may also be defined in other alternative

ways, such as school district, residential areas and/or industrial areas, etc.

[0095] The distribution transformers upgrade and the system alert may be generated

using the forecasted result including probabilities of heavy load and/or overload for distribution
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transformers and provided pre-warnings. For example, the user, such as a utility company, may
plan and conduct an upgrade for distribution transformers according to probabilities of heavy
load and/or overload for distribution transformers. The probabilities of heavy load and/or
overload for distribution transformers may be displayed in a user interface 16 for the user to view
and use. The user interface 16 may be a special designed user interface for a user to view the
forecast result. For example, a special designed graphic user interface (GUI) for a utility
company. Different sets of result may be displayed differently in the GUI. For example, a
graphical zone one and a graphical zone two having different colors may be displayed in the
GUI Because the overload and/or heavy load may damage the distribution transformers, in
order to mitigate the damage to the distribution transformers, the utility company has the
incentive to lower the occurrence of overload and/or heavy load. As such, the utility company
may utilize the displayed forecasted result to conduct timely upgrades to the distribution

transformers and protect its network assets.

[0096] A system alert may be generated. With regard to the short-term warnings, the
utility company may receive a system alert that certain distribution transformers are likely to be
overloaded or heavily loaded. The short-term heavy load and/or overload information can
include probabilities and/or provided pre-warnings, which may be displayed in the user interface
16. The utility company may take actions, such as relocating the resources, to mitigate the
possible heavy load and/or overload according to the displayed forecasted result. The user
interface 16 may also contain a link to direct a user to another system, such as a maintenance
system that may be used to reallocate the resources to mitigate the possible heavy load and/or
overload. Because the heavy load or overload may cause an electrical outage, the mitigation

procedures according to the displayed forecasted result may help the utility company to limit the
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number of electricity outages and reduce customer complaints.

[0097] The method shown in Fig. 1 may include a sub-step of the system retrieving
historical predictor variable values from the database 20 for the selected subset of predefined
predictor variables, wherein the retrieved historical predictor variable values are used for
forecasting the at least one of heavy load or overload for each of the plurality of distribution

transformers.

[0098] In order to accurately generate probabilities of heavy load and/or overload for
distribution transformers, the historical values for predictor variables may be required. The data
records selected and loaded in the database 20 may include historical values for the subset of
predefined predictor variables. Therefore, historical predictor variable values may be retrieved
from the database 20 for the selected subset of predefined predictor variables, where the
retrieved historical predictor variable values may be used for forecasting the at least one of heavy

load or overload for each of the plurality of distribution transformers. |

[0099] The data records selected and loaded in Step 110 shown in Fig. 1 may include
various data from various data sources. For example, data records may include transformer load
data AMI data, weather data, user data and equipment data from data sources such as the utility
company, or a third party vendor. Those data records may be stored in different data sources or

formats.

[00100] The one or more criteria (and sometimes may be a threshold) used in filtering the
data records as shown in Step 120 of Fig. 1 may include at least one of : a valid key value, a data

matching verification, a percentage of valid daily load data, or a daily load validity.

[00101] The one or more criteria may be a key value. For example, the criterion (or a

24



10

15

20

WO 2016/109946 PCT/CN2015/070239

threshold) may be defined as the existence of a key value for a data record such as transformer

ID, and data records may be filtered out if the transformer ID is missing.

[00102] The one or more criteria (or may be referred as a threshold) may also be
conditions or predetermined numbers such as a data matching verification, a percentage of valid
daily load data, and/or a daily load validity. For example, the criterion may be defined as a
condition to indicate that the data records are matched correctly. Those data records that are not
matched correctly (for example, the transformer load data with usage data for a transformer ID
but missing the user data records for the same transformer ID) may be filter out while being

loaded into the database 20.

[00103] The one or more criteria (or threshold) may be a predefined number. For
example, the criterion may be defined as an 85% or greater valid daily load. A daily load having
85% or less valid data records may be filtered out. However, 85% is merely an example; other
percentages may be selected dynamically by the system during the data load process or may be

predetermined.

[00104] The one or more criteria may further be check points set with the system for the
daily load. For example, ninety-six valid check points may be set for each daily load. The daily
load may only be valid if certain criteria (thresholds) are met. For example, the invalid or not
available check points are less than six, no continuous invalid checkpoints exist, and load values

are not all zeros.

[00105] The criteria may be set dynamically by the system. The variations of criteria may
be determined according to business rules or historical processing results. If 80% of valid daily

load works the same as 85% of valid daily load for generating pre-warning analysis, the criterion
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(threshold) may be set to be 80% instead of 85%. The criteria (thresholds) may also be pre-

determined.

[00106] The predictor variables may also be designed to represent a pattern for the heavy
load and/or overload for the distribution transformers. If a pattern that has a relationship with
future heavy load and/or overload is observed in the data exploration or model tuning process, a

predictor variable may be designed to represent this pattern.

[00107] The step of training, testing and tuning the model as shown in Step 140 of Fig. 1
may further includes: training the model by using a logistic regression, wherein the logistic

regression comprises selecting a subset of predictor variables for a time window.

[00108] Only a subset of predictor variables for a particular time window may be used for
running a logistic regression. For example, the prediction variables may be defined for many
perspectives of the further forecast. As shown above, thirteen predictor variables may be defined
for mid-term pre-warnings and thirty-five may be defined for short-term pre-warnings.

However, the logistic regression may use less than thirteen variables for mid-term pre-warnings
and thirty-five for short-term pre-warnings. In some examples, only two to six predictor
variables may be used for the regression. As such only a subset of the predictor variables may be

used.

[00109] Furthermore, multiple time windows may be defined for running the logistic
regression. For example, the whole regression period may be for the whole summer, the summer

may be divided into weeks, and the regression may be run for one week and another.

[00110] Some adjustments may be performed for the model during the training of the

model. For example, replacing one or more predictor variables with other existing variables or
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by creating new variables. One or more suitable time windows may be tested and selected

during the model training as well.

[00111] The logistic regression may be replaced by one of: random forest, support vector
machine (SVM), decision tree and neural network. Many different methods / algorithms for
statistical classification may be used to train and generate the model for pre-warnings. The
logistic regression may be used due to, for example, algorithm matureness, fast training speed,
and transparency for model interpretation. However, other methods may be selected to replace
the logistic regression. For example, random forest, support vector machine (SVM), decision
tree, or neural network. While testing by using the same predictor variables, these methods may

achieve similar results to logistic regression.

[00112] Furthermore, as the method shown in Fig. 1, the pre-warning may be generated
for either short-term or mid-term, or both. When the pre-warning is generated for short-term, in
response to, for example, a rapid weather change, the short-term pre-warning comprises at least
one of the following sub-steps: selecting a similar past weather condition; and/or predicting a
total number of heavy load / overload transformers in an area and determining a cut-off point for

predicted probabilities.

[00113] In short-term pre-warning, a difference between the modeling and prediction
conditions may lead to a “biased” model. For example, if the modeling data contains much
higher heavy load / overload ratios than the predicted week, the overall probabilities may be
higher, and vice versa. For example, during a short-term pre-warning period, this scenario may
happen when a hurricane coming and leaving the predicted area, causes rapid temperature

changes.
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[00114] As such, at least two methods may be developed to cure the “biased” model.
Firstly, the model selected for applying the model for prediction may be used to cure the
“biased” model. The model with the highest weather similarity to the future week may be
chosen by the system, in order to lessen the bias of the predicted probabilities. Also, similar data
records from the past for predicted further weather condition may be selected by the system to fit
the model. Thus, the generated result may be less biased. Secondly, a sub-model may be built
with the system to predict the number of heavy load and/or overload transformers, because there
may be a relative steady relationship between the numbers of heavy load or overload
transformers in an area and the temperature statistics of the week. Therefore, a sub-model may
be built to predict the number of heavy load and overload transformers. And then, a cut-off point

of predicted probabilities may be determined by using the predicted number of heavy load and/or

overload transformers.

[00115] The cut-off point may be used by the system in pre-waming models to transform
probabilities. As shown in Table 3, to calculate the recall and precision ratio in a confusion

matrix, a cut-off point may be used to transform the probabilities into positives and negatives.

Table 3 a confusion matrix for pre-warning model
Predicted N | Predicted Y
a b a/(a+b)
Observed N
(type I error)
c D d/(d+c¢)
Observed Y
(type II error) (recall ratio)
a/(a+c) d/(b+d) (at+d)/(atb+c+d)
(precision ratio) (accuracy)
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[00116] The cut-off point may be set by the system according to the number of heavy load
and/or overload transformers. When calculating the recall ratio and precision ratio, the value of
cut-off point may be set to 50% by default. The cut-off point may be adjusted by the system
according to the number of heavy load and overload transformers. For example, in mid-term
pre-warning, if the predicted year has dramatic temperature decrease in summer, by which fewer
transformers will have heavy load and overload, then the cut-off point may be set 10~20%
higher. Similarly, in short-term pre-wamning, if the predicted temperature of the coming week
represents a dramatic temperature change, a local regression model may be used to predict the
number of heavy loaded and overloaded transformers according to earlier observations, and such

predicted number of transformers may also be used to adjust the cut-off point.

[00117] Fig. 2 illustrates a device for providing a heavy load pre-warning or an overload

pre-warning for distribution transformers.

[00118] As shown in Fig. 2, the device 200 may include at least one processor 230, output
device 220 (may be referred as a user interface), transceiver 250, memory 240, database 260, and
instructions 270 stored in the memory. The transceiver 250 that may be in communication with
the processor 230, and the transceiver 250 may be configured to receive data records from a
plurality of data feeds by the input device 210, the data records comprising electric power usage
related information, or weather information and/or customer information, where at least some of

the data records are in a plurality of different data formats.

[00119] The database 260 stored in a non-transitory memory in communication with the
processor 260, the processor 230 may be configured to convert the data records in the plurality of

different data formats into a pre-defined data format and populate the database with the
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converted data records with the pre-defined data format.

[00120] The processor 260 may be further configured to transform the associated data
records to a plurality of predefined predictor variables by calculating values of the predictor
variables from the matched data records according to a set of pre-designed methods, where the
plurality of predefined predictor variables are designed to reduce a data record volume; and
select a subset of the plurality of predefined predictor variables, where the predictor variables in
the selected subset are selected according to a correlation test result. The predictor variables

may also be used to capture the features that are related to the future heavy load and overload.

[00121] The processor 260 may be further configured to train, test and tune a model based
on the selected subset of variables and a subset of matched data records; and forecast at least one
of heavy load or overload for each of the plurality of distribution transformers in a predetermined
region based on the model for providing the heavy load pre-warning or the overload pre-warning
for the distribution transformers in the predetermined region; and display the forecasted heavy
load or overload for the plurality of distribution transformers in a user interface (output device
220) for upgrading the distribution transformers or generating a system alert for the distribution

transformers.

[00122] Further, the process 230 of the device 200 may further be configured to: retrieve
historical predictor variable values from the database for the selected subset of predefined
predictor variables, where the retrieved historical predictor variable values are used for
forecasting the at least one of heavy load or overload for each of the plurality of distribution
transformers.

[00123] The predetermined condition that may be used in the device 200 may comprise at
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Jeast one of: a valid key data value, a data matching determination, a percentage of valid daily
load data, or a daily load validity. The processor 230 of device 200 may define predictor
variables that may be designed and developed to represent a pattern for the heavy load or
overload of the distribution transformers.

[00124] When the model is trained, tested and/or tuned by the processor 230 in device
200, the instructions 270 executable by the at least one processor 230 may further cause the
device to: train the model by using a logistic regression, wherein the logistic regression can be
replaced by one of: random forest, support vector machine (SVM), decision tree and neural
network.

[00125] The pre-warning generated in the device 200 may include a short-term pre-
warning and a mid-term pre-warning. The short-term pre-warning, in response to a dramatic
weather change, may include at least one of following processes: (1) selecting a similar history
weather condition; (2) determining a cut-off point for the dramatic weather change. The short-
term warning may include predict the total number of heavy load / overload transformer in an
area and determining a cut-off point for the predicted probabilities.

[00126] Fig. 3 illustrates a system 300 having a computer readable medium 305 for use in
providing heavy load/overload pre-warnings for distribution transformers. The computable
readable medium 305 may be other than a transitory medium. The units shown in Fig. 3 include
hardware and processor executable instructions 394 stored on the computer readable medium
305. The instructions 394 may be read and processed by processor 390, and may be executed
during operation of the system to support at least some of the functions performed by the system

as described elsewhere.

[00127] As shown in Fig. 3, the system 300 may include a computer readable medium 305
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with processor executable instructions 394 stored thereon and a user interface 396, wherein the
processor executable instructions 394 may be stored in computable readable medium 305. The
system may use at least some of the instructions executed by the processor 390 to: receive data
records from a plurality of data feeds (not shown) using a receiving unit 310, the data records
comprising electric power usage related information, where at least some of the data records are
in a plurality of different data layouts; and convert the data records in the plurality of different
data layouts into a pre-defined data layout and populate a database (not shown) with the

converted data records using a converting unit 320.

[00128] The system may further use at least some of the instructions executed by the
processor 390 to filter by using a filtering unit 330, with the processor 390 the data records in the
database (not shown) by using a predetermined condition and associate each of the converted
data records with one of a plurality of distribution transformers; and transform, with the
processor 390, the associated data records to a plurality of predefined predictor variables by
using a transformer unit 340 by calculating values of the predictor variables from the matched
data records according to a set of pre-designed methods, wherein the plurality of predefined
predictor variables may be designed to reduce a data record volume and/or may be used to
capture the features that are related to the future heavy load and overload.

[00129] The system may further use at least some of the instructions executed by the
processor 390 to select using a selecting unit 350, with the processor 390, select a subset of the
plurality of predefined predictor variables, wherein the predictor variables in the selected subset
are selected according to a correlation test result; to train, test and tune a model using a training,
testing and tuning unit 360, with the processor 390, a model based on the selected subset of

variables and a subset of matched data records; and by using a forecasting and displaying unit
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370 to forecast at least one of heavy load or overload for each of the plurality of distribution
transformers in a predetermined region based on the model for providing the heavy load pre-
warning or the overload pre-warning for the distribution transformers in the predetermined
region and display the forecasted heavy load or overload for the plurality of distribution
transformers in a user interface 396 for upgrading the distribution transformers or generating a
system alert for the distribution transformers.

[00130] The processor executable instructions 394 stored in the computer readable
medium 305 when executed by the processor 390 may further cause the system to: retrieve
historical predictor variable values from the database for the selected subset of predefined
predictor variables, wherein the retrieved historical predictor variable values are used for
forecasting the at least one of heavy load or overload for each of the plurality of distribution
transformers.

[00131] The data records used in the system 300 may comprise: transformer load data
(AMI data), weather data, user data and equipment data. The predetermined condition used in
the filtering unit 330 may include at least one of: a valid key data value, a data matching
verification, a percentage of valid daily load data, or a daily load validity.

[00132] The predictor variables used in the system 300 to generate pre-warnings may be
designed and developed to represent a pattern for the heavy load or overload of the distribution
transformers.

[00133] The training, testing and tuning unit 360 may utilize a logistic regression method
to generate the pre-warning models. In addition, the logistic regression method may be replaced
by anyone of following methods: random forest, support vector machine (SVM), decision tree

and neural network. Different methods may be used to achieve the similar result. Those
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methods may be used individually. Or alternatively, one or more of those methods may be used

together. In addition, other methods may be utilized when necessary.

[00134] The pre-warnings provided by the system 300 may include a short-term pre-
warning and/or a mid-term pre-warning. When the short-term pre-warning is generated, in
response to a dramatic weather change, the short-term pre-warning may include at least one of
following processes: (1) selecting a similar history weather condition; (2) predicting a total
number of heavy load / overload transformers in an area and determining a cut-off point for
predicted probabilities.

[00135] Fig. 4 illustrates example procedures of data preparation. As shown in Fig. 4, the
procedures of data preparation include data selection 410, data query 420, data import 430, data
checking 440 and data matching 450.

[00136] In order to conduct the date selection 410, the time period for the data to be
selected may be determined. For example, in an example implementation of the pre-warning
generation in the predetermined region, the AMI data may show that most heavy load and
overload occur during the summer time. Surveys in the utility company of that particular region
may also show that “meeting the power supply in summer peak periods is one of their critical
annual tasks”. So the short-term pre-waming may be used to support this critical period.
[00137] In selecting the time period of the data set for generating pre-warnings, both the
freshness and the completeness should be considered. Fig. 5 shows an example of the time
period selection of the data. As shown in Fig. 5, four weeks before the predicted week 510 is
selected because the trend in recent load has more correlation to the future load than earlier load
variations. The summer peak period of last year 520 may also be selected, because it may cover

the whole period when the short-term pre-warning generation is performed.
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[00138] As shown in the example of Table 4, besides the distribution transformer AMI

data, the customer data, weather data and equipment data may also be selected for modeling.

Table 4 The Data Selected for the Short-term Pre-warning

Model

Data type Description

Transformer

load data last year and recent 4 weeks
Weather data last year and recent 4 weeks

7-day weather forecast

Equipment data | Transformer capacity, service years, etc.

Customer data | Customer type and applied capacity

[00139] Fig. 6 shows examples of data to be loaded for providing heavy load/overload
pre-warnings for distribution transformers. As shown in F ig.v 5, transformer load data 610,
weather data 620 and user data 630 may be selected and loaded for the data preparation for pre-
warning generation. Fig. 6 also shows an example of 96 points of valid daily load data per

transformers as P1 to P96 640. In other examples, other quantities of data points may be used.

[00140] Table 5 illustrates an example of data that may be used for generating mid-term

and short-term pre-warnings.

Table 5. Data needed for modeling

Mid-term Pre-warning Short-term Pre-warning
Transformer
load data Past 3 years Last year and recent month
Weather Past 3 vears Last year and recent month
data Y 7-day weather forecast
Equlp mept Transformer capacity, service years, etc.
information
User . Customer type, applied capacity and monthly usage
information ’
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[00141] In general, the heavy load may refer to the loading continuously stays above a
predetermined percentage of rated capacity, such as 70%, for more than a predetermined period
of time, such as one hour, and overload may refer to loading above 100% of rated capacity for a
predetermined period of time, such as one hour or more. However, actual situations may be
complex when the actual loading rises and falls between the thresholds. Therefore, a set of rules
may be designed for counting the heavy load and overload times occurring in a predetermined

period in order for selecting and loading data precisely.

[00142] Fig. 7 shows an example of transformer load data checking. As shown in Fig. 7,
certain data field may have value of 0. For example, capacity 710 has a value of 0 for
transformer ID T00006689. Fig. 7 also shows examples of not available valid points in
transformer load data. In Fig. 7, P2 values are not available (NA) for both transformer ID
T00006688 and TO0006689. According to Fig. 7, the data record for transformer ID T00006689
may be filtered out because the key value of capacity 710 is missing. However, the first data
record for transformer ID T00006688 may not be filtered out if the value for P2 720 is the only
daily valid point value that is not available (NA). The data record without the valid check point
value may not be filtered out automatically. The data record may be filtered out only if the
number of missed daily valid point values is greater than a predetermined number (6 for

example).

[00143] Fig. 8 shows an example of the system matching load data and user data. As

shown in Fig. 8§, both the transfer load data 810 and the user data 820 can have three rows with
the same transformer ID T00006688, as such, all threc rows of transformer load data 810 and 3
rows of user data 8§20 may be matched together. As shown in Fig. 8, three rows of transformer

load data 810 are load data for the same transformer on multiple dates and three rows of user
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data 820 are user data for multiple users for the same transformer. Because both transformer
load data 810 and user data 820 may be needed in generating pre-warnings, if the data matching
fails, for example, either part or all transformer load data for a user are missing or part or all user
data for a transformer data are missing, the data may be consider having defects and may not be

loaded for prediction generation.

[00144] Fig. 9 illustrates an example of data matching hierarchy. As shown in Fig. 9, the
data matching hierarchy may be constructed by the system after the data matching is conducted
on selected and loaded data records. In order to generate the pre-warnings as accurate as
possible, certain data may be required. For example, weather data, load data, equipment data and
user data. If one or more of required data are missing, the unmatched data may be filtered out.
According to the example of Fig. 9, data records for sub-district 910, transformer region ID 920,
transformer ID 930 and user ID 940 are filtered out because they can’t be matched with other

data.

[00145] Fig. 10 illustrates an example of the data checking and matching process
performed by the system. According to the example shown in Fig. 10, and referring also to Fig.
1, the first step for the data checking and matching process is to get all the related data 1010 as
discussed with reference to step 110 in Fig. 1. In this step, data for all distribution transformers
in a certain geographic area are collected. Secondly, the system checks the data availability
1020. In this step, the data availability is checked for each transformer in four areas: load data
1022, weather data 1024, user data 1026 and equipment data 1028. If data is not available for
one or more those areas, the data for the transformer are excluded from modeling and pre-
warning generation. Thirdly, data checking and matching 1020 is performed for available

transformer data as described with respect to step 120 in Fig. 1. A quality check can be
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conducted for available transformer data, and after that, available transformer data can be
matched. Those available data records for transformers are excluded from modeling and pre-

warning generation if the data fail the quality check and/or can’t be matched with each other.

[00146] Finally, the system may determine whether the selected geographic area is okay
for modeling 1040. As shown in Fig. 10, the area is okay for modeling when the number of good
samples is above a threshold. For example, the number of good samples may be okay when the
sample data for over a pre-set number, such as five-hundred distribution transformers are
available and pass the data checking and data matching process, as previously discussed in step
120 in Fig. 1. On the other hand, the number of historical heavy load and/or overload may be
checked against the threshold. For example, the percentage of available historical outcome
heavy load and/or overload among those transformers with good sample data should be greater

than a pre-set percentage, such as 5%.

[00147] The mid-term and short-term pre-waming models may be derived based on a
classification algorithm such as logistic regression, as previously discussed. The methodology of
heavy load and overload pre-warning may be to apply a classification algorithm that is capable
of distinguishing the distribution transformers which are likely to have heavy or overload in the
pre-warning period. Fig. 11 illustrates an example of a modeling and predicting process
performed by the system. As shown in Fig. 11, the data from the related data sources can be
fitted into a set of predictor variables 1102. The predictor variables 1102 and observed heavy
load 1104 may fit the model 1106. Then the variables may be updated 1108 and put in the model

1112 for prediction. Usually there may be 2 ~ 6 variables in the final logistic regression model.

[00148] After preparing the data (including the predictor variables and outcome variable),

model fitting and testing may be carried on, as previously discussed in step 140 in Fig. 1. Fig. 12
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illustrates an example of model fitting and tuning process, which was also previously discussed
with regard to step 140 of Fig. 1. As shown in Fig. 12, the model fitting and tuning procedure can
include a X-Y, X-X correlation test, 1210, step-wise fitting 1220, change variable combination
1230, change variable parameter 1240 and design new variables 1250. If the model passes
testing, the tuning procedure may stop. If the model doesn’t pass testing, further tuning steps will
be carried on. Each of these model fitting and tuning procedures are further describes elsewhere,

including Fig. 16.

[00149] Sometimes, in the short term pre-warning model, a correlation sub-model between
the temperature and the load of each distribution transformer may be built using local regression
to generate the predictor variables with a weather forecast, such as a seven day weather forecast.
In short-term pre-warning, the heavy load and overload in a predetermined period of time, such
as in the next week may usually be affected by the temperature change, so predictor variables

incorporating the weather forecast may be used to improve the model.

[00150] Fig. 13 shows an example of generating predictor variables by using a correlation
sub-model. As shown in Fig. 13, local regression (loess) may be applied for building a model
between maximum daily temperature and maximum daily load for each distribution transformer
using historical data. After applying the temperature of a predetermined future period, such as
for the next 7 days, the maximum daily load of the predetermined future period may be predicted

to further formulate predictor variables for logistic regression.

[00151) According to the example of Fig. 13, historical maximum daily temperature data
1302 and maximum daily load of transformer 001 1310 may be gathered by the system and fed
to local regression model 001 1312 after the model fitting 1304 is conducted. 7-day weather

forecast 1306 may also be collected and may also be fed to local regression model 001 1312.
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The predicted maximum daily load for transformer 001 in the next 7 days 1308 may be derived
as the result of local regression model 001 1312. The predicted maximum daily load for
transformer 001 in the next 7 days 1308 may be used to derive predictor variables for logistic
regression. The derived predictor variables may include, for example, an average of 7 days

1314, average of top 4 days 1316, Maximum load 1318 and standard derivation 1320.

[00152] For the mid-term pre-warning model, the data may be randomly split by the
system a predetermined number of times, such as 10 times, by a given percentage for a
comprehensive evaluation. As short-term forecasting may be published one or multiple times a
week, a sliding window approach may be used by the system to cover all the samples. Fig. 14
illustrates the sliding window approach for mid-term pre-warnings. In Fig. 14, the training
period 1410 and the testing period 1420 are illustrated for the multiple model training and testing
sessions. As shown in Fig. 14, the prediction 1430 from the model and the actual historical
outcome (observed outcome 1440) of heavy load and/or overload are compared to determine
how the model accurately predicts the heavy load and/or overload. Fig. 15 illustrates the
division of predictor variables. Fig. 15 shows that predictor variables may be divided into
training sets 1510 and testing sets 1520. As shown in Fig. 15. The predicted outcome (y’) may

be compared with observed outcome (y) to determine accuracy of the model.

[00153] Directly applying the model with all variables may not provide a completely
accurate result, so a procedure of model tuning may be designed as follows. Firstly, the predictor
variables which have little relevance with the historical outcome of heavy load and/or overload
may be excluded, and the correlation between variables is calculated by the system. Discussions
about the relevancy between variables are provided along with Fig. 16 below. The following

steps include step-wise fitting, manually changing the variable combination and even designing
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new variables. Model fitting and testing may be carried out after each step. The tuning

procedure may stop if the model passes the model testing (Fig. 14).

[00154] Fig. 16 shows an example of model fitting and tuning procedures in a block view
in the form of an example of the X-Y, X-X correlation test, 1210 of Fig. 12. As shown in Fig.
16, the predictor variables (X) and historical outcome variable (Y)1602 are identified by the
system for the model fitting and tuning procedure. Then, the correlation test for X-X and X-Y
1604 may be performed to determine how much a predictor variable is related to another
predictor variable (X-X) and how much a predictor variable is related to the historical outcome

of heavy load and/or overload (X-Y).

[00155] A possible numerical value may be determined for the correlation test result. For
example, the result is defined as a range of [-1, 1], in which -1 represents X-X or X-Y moves in
opposite directions while 1 represents X-X or X-Y moves in the same direction. The middle

value O represents that no relationship between X-X or X-Y.

[00156] The initial group of predictor variables X 1608 may be available after analyzing
the correlation test result. As an example of X-Y analysis, if X is not related to historical heavy
load or overload outcome Y, there is no need to include X in the final analysis for pre-warning, X
is removed 1606 from the group. Otherwise, X may be included. An the example of X-X
analysis, if a predictor variable X is highly related to another predictor variable X, there is no
need to keep two related variable in the initial group, and one of X is removed 1610. If there are

multiple related Xs, only one is picked 1612,

[00157] The additional procedures may be needed after the initial predictor variables are

determined. For example, modeling and testing 1622 may be performed with an initial group of
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predictor variables by using step-wise fitting to get a combination of Xs 1614. If the result
shows the modeling and testing 1622 is passed, the predictor variables may be kept as the final
group for generating pre-warnings. However, if the test fails, to the system can change variable
combination 1616, for example, replacing a predictor variable X11 with a highly related variable
X12 that was removed after the correlation test 1610. The modeling & testing 1622 is conducted
again by the system after the replacement. If the tésting fails, the system can change
parameter(s) and re-calculate variables 1618. The procedure may be repeated by the system with

newly designed variables 1620. Finally, the modeling may fail 1624 if all testing fails.

[00158] As shown in the example of Table 6, three predictor variables can be selected
from the 35 variables for the tuned short-term heavy load and overload pre-warning models in
the studied area. In this example, the combination of the three variables stays unchanged for pre-

warnings for each week throughout a summer peak period.

TABLE 6. THE PREDICTOR VARIABLES SELECTED IN

THE TURNED MODELS
Predictor L.

Description
variable

The standard deviation of

HIS MAX SD | maximum daily load in summer
peak period of last year.

The coefficient of the linear
model between maximum daily

HIS WX COE . .

F load and maximum daily
temperature in summer peak
period of last year,

The average of top 4 predicted

WEEK4 RPRE | maximum daily logd in P.U.

TOP4 using local regression sub-

models built by the data of the
last three weeks
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[00159] Fig. 17 shows an example of modeling and predicting process performed by the
system. As shown in Fig. 17, the modeling process 1720 can be used to feed predictor variables
1702 and the historical heavy load and/or overload outcomes to a logistics regression model. In
an embodiment, logistic regression may be applied as the main classification algorithm to predict
the heavy load and overload transformers in the future. The prepared variables can be selected
and tested before and during the modeling process. Then after the model is built, the predictor

variables may be updated by shifting the data time window for prediction.

[00160] The logistics regression model may be replaced by other methods such as:
Random forest, Support Vector Machine, SVM, Decision tree, or neural network in other
embodiments. The prediction process 1730 may utilize the result of logistic regression model
1712 and adjust the logistics regression model result 1712 with the updated variables for
predicting 1706. The update variables for prediction 1706 may be for the existing predictor
variables with values from different time window or may be variables that are replaced from
existing variables or may be variables added in the middle of the prediction process 1730. The
forecasted probabilities of heavy load and/or overload for each distribution transformer in a

predefined area 1710 may constitute the result of the prediction.

[00161] Fig. 18 shows an example of the overall methodology for generating short-term
pre-warnings. Generation of the pre-warnings by the system may involve use of a classification
algorithm capable of distinguishing the transformers that are susceptible to heavy load or
overload in a future predetermined time period, such as a future week. The data from the related
data sources may be converted into a set of predictor variables to facilitate the process of model
training. The predictor variables may be generated by the system as previously discussed. Some

of the predictor variables can be formulated by applying a weather forecast, such as a 7-day
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weather forecast into a set of sub-models that are built from the historic weather and load data to
improve the model accuracy. Logistic regression may be applied as the classification algorithm
to predict the heavy load and overload transformers in the future week. The prepared variables
may be selected and tested before and during the modeling process. Then after the model is
built, the predictor variables may be updated by shifting the data time window for prediction. It’s
observed from the model tuning process that if there is a dramatic weather change in the future
week, the overall pre-warning results may be affected. So the methods of balancing the impact
brought by the dramatic weather changes may be also performed by the system. For example,

the model bias as discussed in step 150 earlier.

[00162] As shown in Fig. 18, an example of short-term pre-warning generation process
may include: 1. Preparing variables, 2. Modeling training and prediction, and 3.Balancing
dramatic weather changes. The preparation of variables includes data for model training 1802,
build and use sub-models 1804, predictor variables 1816 and outcome variables 1818. The data
for predicting 1806, predictor variables and use sub-models 1810 may also be part of the
preparation of variables. After the data are prepared, the modeling training and prediction may
be performed. The modeling training and predicting may include model training, tuning and
testing 1820, logistic regression model(s) 1822 and heavy load or overload probabilities at a
future time, such as in the next week 1824. In case the modeling result is biased, the balancing
dramatic weather change section may include number forecast by another sub-model 1814 and

adjust results 1826.

[00163] Referring to Fig. 19, an illustrative embodiment of a power distribution
transformer loading analysis system 1900 is depicted. Although the power distribution

transformer loading analysis system 1900 is illustrated in Fig. 19 as including all of the
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components as illustrated, it is within the scope of this innovation for the system to be comprised

of fewer, or more, components than illustrated in Figure 19,

[00164] The system 1900 can include a set of instructions 1924 that can be executed to
cause the system 1900 to perform any one or more of the methods, processes or computer-based
functions disclosed herein. For example, modules to receive and convert 272, filter and
transform 274, select a subset of predictor variables 277, train, test and tune a model and forecast
and display280 as shown in Fig. 2 are also illustrate in Fig. 19. One or more programs may be
stored in whole, or in any combination of parts, on one or more of the exemplary memory
components illustrated in Figure 19, such as the main memory 1904, static memory 1906, or disk

drive 1916.

[00165] As described, the system 1900 may be included in a mobile device. The system
1900 may also be connected using a network 1918, to other systems or peripheral devices. Ina
networked deployment, the system 1900 may include operation in the capacity of a server or as a
client user computer in a server-client user network environment, or as a peer computer system
in a peer-to-peer (or distributed) network environment. In addition to embodiments in which the
system 1900 is implemented, the system 1900 may also include, and/or be incorporated into,
various devices, such as a personal computer (“PC”), a tablet PC, a set-top box (“STB”), a
personal digital assistant (“PDA”), a mobile device such as a smart phone or tablet, a palmtop
computer, a laptop computer, a desktop computer, a network router, switch or bridge, or any
other machine capable of executing a set of instructions (sequential or otherwise) that specify
actions to be taken by that machine. In a particular embodiment, the system 1900 can be
implemented to include electronic devices that provide voice, video or data communication.

Further, while a single system 1900 is illustrated, the term “system” shall also be taken to include
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any collection of systems or sub-systems that individually or jointly execute a set, or multiple

sets, of instructions to perform one or more computer functions.

[00166] As illustrated in FIG. 19, the system 1900 may include a controller 1902, such as
a central processing unit (“CPU”), a graphics processing unit (“GPU”), or both. Moreover, the
system 1900 can include a main memory 1904, and additionally may include a static memory
1906. In embodiments where more than one memory components are included in the system
1900, the memory components can communicate with each other via a bus 1908. As shown, the
system 1900 may further include a display unit 1910, such as a liquid crystal display (“LCD”),
an organic light emitting diode (“OLED”), a flat panel display, a solid state display, or a cathode
ray tube (“CRT”). Additionally, the system 1900 may include one or more input devices 1912,
such as a keyboard, push button(s), scroll wheel, digital camera for image capture and/or visual
command recognition, touch screen, touchpad or audio input device (e.g., microphone). The
system 1900 can also include signal outputting components such as a haptic feedback component

1914 and a signal generation device 1918 that may include a speaker or remote control.

[00167] Although not specifically illustrated, the system 1900 may additionally include a

GPS (Global Positioning System) component for identifying a location of the system 1900.

[00168] Additionally, the system 1900 may include an orientation unit 1928 that includes

any combination of one or more gyroscope(s) and accelerometer(s).

[00169] The system 1900 may also include a network interface device 1920 to allow the
system 1900 to communicate via wireless, or wired, communication channels with other devices.
The network interface device 1920 may be an interface for communicating with another system

via a Wi-Fi connection, Bluetooth connection, Near Frequency Communication connection,
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telecommunications connection, internet connection, wired Ethernet connection, or the like. The
system 1900 may also optionally include a disk drive unit 1916 for accepting a computer
readable medium 1922. The computer readable medium 1922 may include a set of instructions
that are executable by the controller 1902, and/or the computer readable medium 1922 may be

utilized by the system 1900 as additional memory storage.

[00170] In a particular embodiment, as depicted in FIG. 19, the disk drive unit 1916 may
include a computer-readable medium 1922 in which one or more sets of instructions 1924, such
as software, can be embedded. Further, the instructions 1924 may embody one or more of the
methods, processes, or logic as described herein. In a particular embodiment, the instructions
1924 may reside completely, or at least partially, within the main memory 1904, the static
memory 1906, and/or within the controller 1902 during execution by the system 1900. The main

memory 1904 and the controller 1902 also may include computer-readable media.

[00171] In an alertnative embodiment, dedicated hardware implementations, including
application specific integrated circuits, programmable logic arrays and other hardware devices,
can be constructed to implement one or more of the methods described herein. Applications that
may include the apparatus and systems of various embodiments can broadly include a variety of
electronic and computer systems. One or more embodiments described herein may implement
functions using two or more specific interconnected hardware modules or devices with related
control and data signals that can be communicated between and through the modules, or as
portions of an application-specific integrated circuit. Accordingly, the present system 1900 may

encompass software, firmware, and hardware implementations.

[00172] In accordance with various embodiments of the present disclosure, the methods

described herein may be implemented at least partially by software programs executable by a
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computer system. Further, in an exemplary, non-limited embodiment, implementations can
include distributed processing, component/object distributed processing, and parallel processing.
Alertnatively, virtual computer system processing can be constructed to implement one or more

of the methods or functionality as described herein.

[00173] The present disclosure contemplates a computer-readable medium 1922 that
includes instructions 1924 or receives and executes instructions 1924 responsive to a propagated
signal; so that a device connected to a network 1918 can communicate voice, video or data over
the network 1818. Further, the instructions 1924 may be transmitted or received over the

network 1818 via the network interface device 1920.

[00174] While the computer-readable medium 1924 is shown to be a single medium, the
term "computer-readable medium" includes a single medium or multiple media, such as a
centralized or distributed database, and/or associated caches and servers that store one or more
sets of instructions. The term "computer-readable medium" shall also include any tangible
medium that is capable of storing, encoding or carrying a set of instructions for execution by a
processor or that cause a computer system to perform any one or more of the methods or

operations disclosed herein.

[00175] In a particular non-limiting, exemplary embodiment, the computer-readable
medium 1922 can include a solid-state memory such as a memory card or other package that
houses one or more non-volatile read-only memories, such as flash memory. Further, the
computer-readable medium 1922 can be a random access memory or other volatile re-writable
memory. Additionally, the computer-readable medium 1922 can include a magneto-optical or
optical medium, such as a disk or tapes or other storage device to capture information

communicated over a transmission medium. A digital file attachment to an e-mail or other self-
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contained information archive or set of archives may be considered a distribution medium that is
equivalent to a tangible storage medium. Accordingly, the disclosure is considered to include
any one or more of a computer-readable medium 1922 or a distribution medium and other
equivalents and successor media, in which data or instructions may be stored. The computer

readable medium is other than transitory.

[00176] Although the present specification describes components and functions that may
be implemented in particular embodiments with reference to particular standards and protocols
commonly used by financial institutions, the invention is not limited to such standards and
protocols. For example, standards for Internet and other packet switched network transmission
(e.g., TCP/IP, UDP/IP, HTML, HTTP) represent examples of the state of the art. Such standards
are periodically superseded by faster or more efficient equivalents having essentially the same
functions. Accordingly, replacement standards and protocols having the same or similar

functions as those disclosed herein are considered equivalents thereof.

[00177] It is to be understood that, all examples provided above are merely some of the
preferred examples of the present disclosure. For one skilled in the art, the present disclosure is
intended to cover various modifications and equivalent arrangements included within the

principle of the disclosure.
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WHAT IS CLAIMED IS:

1. A method, comprising:

selecting, with a processor, data records received from a plurality of data sources, the
data records comprising electric power usage related information, wherein at least some of the

data records are in a plurality of different data formats;

converting the data records in the plurality of different data formats into a pre-defined

data format and populating a database with the converted data records using the processor;

filtering, with the processor, the data records in the database by using a predetermined
criterion and matching each of the filtered data records with one of a plurality of distribution

transformers;

transforming the matched data records to a plurality of predictor variables with the
processor by calculating values of the predictor variables from the matched data records
according to a set of pre-designed methods, wherein the plurality of predefined predictor

variables are designed to reduce a data record volume;

selecting, with the processor, a subset of the plurality of predefined predictor variables,

wherein the predictor variables are selected according to a correlation test result;

training, testing and tuning a model based on the selected subset of variables and a subset

of matched data records;

forecasting at least one of heavy load or overload for each of the plurality of distribution

transformers in a predetermined region based on the model to provide the heavy load pre-
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warning or the overload pre-warning for the distribution transformers in the predetermined

region; and

displaying the forecasted heavy load or overload for the plurality of distribution
transformers in a user interface for upgrading the distribution transformers and/or generating a

system alert for the distribution transformers.

2. The method of claim 1, further comprising:

retrieving, with the processor, historical predictor variable values from the database for
the selected subset of predefined predictor variables, wherein the retrieved historical predictor
variable values are used for forecasting the at least one of heavy load or overload for each of the

plurality of distribution transformers.

3. The method of claim 1, wherein the data records comprises transformer load data
comprising Advanced Metering Infrastructure (AMI) data, weather data, user data and

equipment data.

4. The method of claim 1, wherein the predetermined criterion comprises at least one of: a
valid key value, a data matching verification, a percentage of valid daily load data, or a daily

load validity.
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5. The method of claim 1, wherein the predictor variables are designed to represent a pattern

for the heavy load or overload of the distribution transformers.

6. The method of claim 1, wherein training, testing and tuning the model comprises:

5 training the model by using a logistic regression, wherein the logistic regression

comprises selecting a subset of predictor variables for a time window.

7. The method of claim 1, wherein the pre-warning comprises:

a short-term pre-warning, wherein, in response to a rapid weather change, the short-term

10  pre-warning comprises at least one of:

selecting a similar past weather condition; and

predicting a total number of heavy load / overload transformers in an area and

determining a cut-off point for predicted probabilities.

15 8. A device to provide a heavy load pre-warning or an overload pre-warning for distribution

transformers, comprising: a processor;

a transceiver in communication with the processor, the transceiver configured to receive

data records from a plurality of data feeds, the data records comprising electric power usage
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related information, wherein at least some of the data records are in a plurality of different data

formats;

a database stored in a non-transitory memory in communication with the processor, the
processor configured to convert the data records in the plurality of different data formats into a

pre-defined data format and populate the database with the converted data records;

the processor further configured to filter the data records in the database in accordance
with a predetermined condition, and associate each of the converted data records with one of a

plurality of distribution transformers;

the processor further configured to transform the associated data records to a plurality of
predefined predictor variables by calculating values of the predictor variables from the matched
data records according to a set of pre-designed methods, wherein the plurality of predefined

predictor variables are designed to reduce a data record volume;

the processor further configured to select a subset of the plurality of predefined predictor
variables, wherein the predictor variables in the selected subset are selected according to a

correlation test result;

the processor further configured to train, test and tune a model based on the selected

subset of predictor variables and a subset of matched data records;

the processor further configured to forecast at least one of heavy load or overload for
each of the plurality of distribution transformers in a predetermined region based on the model,
the model used by the processor to forecast the heavy load pre-warning or the overload pre-

warning for the distribution transformers in the predetermined region; and
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the processor further configured to display the forecasted heavy load or overload for the
plurality of distribution transformers in a user interface for upgrading the distribution

transformers and/or generating a system alert for the distribution transformers.

0. The device of claim 8, wherein the processor is further configured to: retrieve historical
predictor variable values from the database for the selected subset of predefined predictor
variables, wherein the retrieved historical predictor variable values are used for forecasting the at

least one of heavy load or overload for each of the plurality of distribution transformers.

10.  The device of claim 8, wherein the predetermined condition comprises at least one of:

a valid key data value, a data matching verification, a percentage of valid daily load data,

or a daily load validity.

11.  The device of claim 8, wherein the predictor variables are designed to represent a pattern

for the heavy load or overload of the distribution transformers.

12.  The device of claim 8, wherein, in response to training, testing and tuning the model, the
processor is further configured to train the model by using a logistic regression, wherein the
logistic regression comprises instructions stored in the memory which are executable by the

processor to perform at least one of:
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selection of a similar history weather condition; and

determine a cut-off point for a dramatic weather change.

13. The device of claim 8, wherein the heavy load pre-warning or the overload pre-warning
comprises a short-term pre-warning, wherein, in response to a dramatic weather change, the
processor is further configured to generate a short-term pre-warning report based on at least one
of: a similar historical weather condition selected by the processor; or determination, by the

processor, of a cut-off point for the dramatic weather change.

14. A system for providing a heavy load pre-warning or an overload pre-warning for

distribution transformers, comprising:
at least one processor,
a non-transitory computer readable medium comprising,

instructions executable by the processor to receive data records from a plurality of data
feeds, the data records comprising electric power usage related information, wherein at least

some of the data records are in a plurality of different data layouts;

instructions executable by the processor to convert the data records in the plurality of

different data layouts into a pre-defined data layout and populate a database with the converted

data records;
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instructions executable by the processor to filter the data records in the database by using
a predetermined condition and associate each of the converted data records with one of a

plurality of distribution transformers;

instructions executable by the processor to transform the associated data records to a
plurality of predefined predictor variables by calculating values of the predictor variables from
the matched data records according to a set of pre-designed methods, wherein the plurality of

predefined predictor variables are designed to decrease a data record volume;

instructions executable by the processor to select a subset of the plurality of predefined
predictor variables, wherein the predictor variables in the selected subset are selected according

to a correlation test result;

instructions executable by the processor to train, test and tune a model based on the

selected subset of variables and a subset of matched data records;

instructions executable with the processor to forecast at least one of heavy load or
overload for each of the plurality of distribution transformers in a predetermined geographic
region based on the model for providing the heavy load pre-warning or the overload pre-warning

for the distribution transformers in the predetermined geographic region; and

instructions executable with the processor to display the forecasted heavy load or
overload for the plurality of distribution transformers in a user interface for upgrading the

distribution transformers and/or generating a system alert for the distribution transformers.

15.  The system of claim 14, wherein the computer readable medium further comprises:

56



10

15

20

WO 2016/109946 PCT/CN2015/070239

instructions executable by the processor to retrieve historical predictor variable values
from the database for the selected subset of predefined predictor variables, wherein the retrieved
historical predictor variable values are used for forecasting the at least one of heavy load or

overload for each of the plurality of distribution transformers.

16.  The system of claim 14, wherein the data records comprise transformer load data (AMI

data), weather data, user data and equipment data.

17.  The system of claim 14, wherein the predetermined condition comprises at least one of:

a valid key data value, a data matching determination, a percentage of valid daily load

data, or a daily load validity.

18.  The system of claim 14, wherein the predictor variables are designed to represent a

pattern for the heavy load or overload of the distribution transformers.

19.  The system of claim 14, wherein, the instructions executable by the processor to train,

test and tune the model further comprise:

instructions executable by the processor to train the model using a logistic regression,
wherein the logistic regression comprises the instructions to select a subset of predictor variables

for a time window.
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20.  The system of claim 14, wherein the pre-warning comprises instructions to provide:

a short-term pre-warning, wherein, in response to a dramatic weather change, the
instructions to provide the short-term pre-warning comprises instructions to perform at least one

of:

select a similar history weather condition; and

predict a total number of heavy load / overload transformers in an area and determine a

cut-off point for predicted probabilities.

58



PCT/CN2015/070239

WO 2016/109946

l Ol

0ST ——

SIOULIOJSUET)
uonnqLIsIp 10J peo[I3A0 J0 peo| AAeay Julke[dsip pue Sunsessio ]

ovl ——

SPI0031 BIEP PAYIIEUI JO JaSqNS
€ pue $3[qeLIBA JO 19sqns ay) Uo paseq [dpout & Suruiny pue Junssy ‘Sururer ],

91
90BJIUI 1S}

!

o€l ——

sajqerrea Jojo1paid Jo 1asqns e 3ur}od[oS

suononnsuy
1

71 Aoway

0cl —

SWN[OA BIBP B 90NPAI 0} SA[qeLIeA J0)oIpard
pauyspaid 0] SpI03T BIRp FUTWIOJSURI) PUE SP1023I BJRp Paydjew SuLoli]

suononnsuy

0T aseqere(q

—
>

01 10ss9001]

011 [\

1

SP10231 BIRP SUIISAUOD pue JUno9[aS

1/19



PCT/CN2015/070239

WO 2016/109946

¢ Old

08T A®r[dsIp pue jseda10,]

)

8.T
[opOW € 2un} pue 3s9, ‘urei],

7y

9LT
sa[qerIeA

Jo301pa1d JO 198qQns € 199]9S

A

YT WI0jsuel) pue 1)1,

%

TLT MDAUO)) PUB JATIINY

mEO_uOS.SvaH % mehw.muwm
\_/_HHW 0LC
0FC Aloway 05¢
JoAIDSUBI|
ez 072 (%4
lossao0.d SIIASP NAIN0 801A8p Jndu|

_J

00¢

2/19



PCT/CN2015/070239

WO 2016/109946

0Lt

09¢

0S¢

1145

0ce

0C¢

01¢

WA

€ Old

00€

\

76E SUOTIONISUT 9[qBINIIXD JOSSIV0L]

yun uikerdsip pue Junsessio,]

nun Sutuny pue unsey “Sururer],

-

yun Surd9yeg

)

nun Jurojsuer],

ynun SULIAI]

96 ¢ QoelIau] 1S

VN

Jun SurILAU0))

&< 10859001

Jun SuIA19Y

_

A

TOE wnIpajy o|qepedy] m2ndwo)

3/19



PCT/CN2015/070239

WO 2016/109946

BIIIIO

110 .oEmm

Ayoresary aSeuoazad
Sumyorew UIedd
Blep e MO[]0] somu.ﬁ elep pI[eA
pue u3Isoq saneA £aY pI[eA

¥ Old

QoRJIAUI (T

UOI}SISAUOD
1eWI0] 91,

e1ep Juowdinby
BIEp 1S
BIED JOYIBIM

(erep
JAV) eiep peoj
.SE.S.ESN.Q

BIEp
PapaU WIJUO))
Ayiqejree

1P 39
MATADI 9A1}02[qO
199fo1g

Suryoyew eje(q A@Eogo e1e(g AS%: e1e(q Aﬂ& e Aﬁé% e A

uoneedaid ejep Jo ampadsord oy,

4/19



PCT/CN2015/070239

WO 2016/109946

Joom
pPaIIpald

durwrem-aid

0TS
SYoom INOJ U200y

G 'Old

0Cs
104 Jse[ JO porIag yead

<

s e s o 4o s 2 0
S

N

vjep peol

3 ¥
' £ i

-

>

BIED ISIeDM

ISBOQIOJ 30183

o o o v ]
7 1 """

>

. G S . - - o o0 T 0 B

BIRp PRO]

:

3
*
H

]
¥
i

PUOTISAC 29 [IEO]

BIBP IOTIBOM

Aaroay @mﬁumu@@

A o Sh oA o o i o . 4
B L L v P

mﬁw#ﬁﬁﬁwﬁ&&ﬂm---nmi_v-"’a—n!--n_—h’-n‘n-)ﬁﬁﬁkﬁﬁzh\

ﬁ&mﬂmmwwwmnw»wvwwu%-m-—'um&w-mumumwou«uuhynu«u‘&j’f

eiep peo

BIEP ISIIBOAN

P~CTA29M

t~1 d9°Mm

TeoA 1seT

5/19



PCT/CN2015/070239

WO 2016/109946

9 'Old

Sc1
8EE
[4 315

8¢ET 124" |BWION  [eRuaplssy 889900001 ¥0€0C9S549N
80¢€ 89¢C |[EWION  |eRuspissy 889900001 <¥8C8LVSLON
666 L6C8 [BWION |B[dJ3WWO) 88990000L €0¥CSSLvVLON

adesn AdL109e pue adAlsasn —ejeq Jasn

- 0g9
9¢ £9¢ 79t 8'9¢ Apnojd [Ar43 9¢ Z102/€1/6 |
'St L'ST L'9C 897 ured ks 'St C10Z/et/e w
8T LT 9¢ T'LT utel 6'0€ L'vT  CTT0Z/11/6 |

adAy sayjeam ‘sunjesadwal uiw /xew Ajjep —ejeq 19YleaM 029

6TL €18
69, €6
ovo/»m.mm €/

98y 0SS VYN 809 CI0Z/€1/6 SI¢ 88990000L
Ty v'Ssvy TTS T8L TI0Z/ti/6 ST¢ 889900001
S'LE TS SS  v¥'L9 TIOC/TT/6 GTE 889900001

1ausojsued) sad Aep Jad syujod g6 — eleq peoqiauliojsuel] 019

6/19



PCT/CN2015/070239

WO 2016/109946

L 9Old

e1RQ PROT Jow.ojsuel]

Sunjpayd ejep peojawiojsuen jo 3jdwexd uy

7/19



PCT/CN2015/070239

WO 2016/109946

018

lawojsuel
awes ay}
loj ejep Jasn sidniny

oz8  B1BQ IS |

sojep s|diynpy uo
lawlojsuel} swes
3y} 10} ejep peo

eleQ peo Jawojsuel]

elep Jasn pue ejep peoj suiyslew jo ajdwexa uy

8/19



PCT/CN2015/070239

WO 2016/109946

0¢6

0C6

Ole6

6 Old

arJesn

aiiesn eep Jesn

AUBW 6] 8lo @

| isudiojsuel |

ejep juawdinbg

........ auo 0] auo
ai uoibey Al uoibey
Jauuojsuel | Jjaulojsuel |
X AUBwr o] auo
ouUsip-gng PUsIp-gng

E——

usig

0

elep peo-

0

Bjep Jayleap

Ayouesaiy Surydjew ejep ayl

9/19



PCT/CN2015/070239

WO 2016/109946

powr o o A W G GNe ENG NBC e o el VR PR AP MW M JGE S NK NAR mWR R DK DUN OGN BN MK ONE BN MRS M RN S BRe B

o s e ow ek Gh wRn it e GG NN omel e o G ot WA G G T W e MM NK GO GG UNA MG WO M e R ROR oke GO AOK NN GNH LG D UMLK MMR RN e G MG OO R0 NN MK R BB MK MG N S R n e

Buiusrem-aid pue Buijepows wolj

pepN[oxe aq 0} siawojsues | AN

s dn e o s e W R e e GNK G e e AW w0 R W W O D KR A oM GG NNX AN W W R W MR ORM RC N VA GO KRG NN N0 RWG WO N R GW DT R OO OO MR SR R MK W e s s e e

ojurdinbg .

ejep josn -

(%G <) VIOT Blep IoLjes -

¢ybnous si s A payorew T Eejeppeo] o
Snij j0 JaquinN Sq Ued eed 'swiayl BuImo||o} oy} BaJE UlePad
(00G <) ¢ybnous 3092 Ayenb JNOQE JOWIOoSUEl] B Ul SISWIOJSUB]
s| sajdwes ssed eyeq yoea 10} Ajjiqe|iene uonngLysip
poob Jo JaquinN eJep Yo9y) ay} |[e 10} eleQ

7 iBujapow o} Buiyojew pue Angejieae ejep pajelal

0¥0Ifeyo eale Sy |

L Buyosyo ejeq

020l erep yo9yD

L ayy e 199

ssa204d Suiyzjew pue SunjIayd elep

10/19



PCT/CN2015/070239

WO 2016/109946

L1 "OId

J9aM / Ie2A 1Xau -— OTTI
Ut saniqeqold
peo[ AaeoH
AN
488!
(uoisser3ay SO[qeLIRA Q011
/) sonsi3o) [opoN |« jopmard |4
UOIIBOIJISSE[D) arepdn
1
Sumig 1opoN < 9011
\7
Y011 [ |
011
/) pro| AaeaH so[qeLIeA | A4
PAAIISqO 10301paid

$590014 Sunoipald pue SUIPPON

11/19



PCT/CN2015/070239

WO 2016/109946

¢l 9ld

0S¢l 0¥cl 0¢tlI 0Z¢1 01¢I
s3[qeLeA 139wered UOIIBUIqUIOD Sumy 1$9) UOIR[ALI0))
MU UFIsa(] J[qerreA aduey) 3[qenreA d3uey) asim-darg X-X ‘A-X

2INPAD0I Sutun], pue Ul ‘FuIures] [OPON

12/19



PCT/CN2015/070239

WO 2016/109946

A E

]

) )
¥ )
m UOTJRIASD wwE y doy skep / m
“ prepuels Jo aferAy Jo o8eioay “
! uoIssaISoy i
1 .

| oUSIS0T 10 Sa[qeLIRA 9 \—¢ 9 \—, m
e ._ uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu i

sAep / XU Ul [()) a0 fSupd] - S0€1
10} peoj AJlep Xew pajoIpaid
ieL | 100 erom 1520910

Or¢t

uotssoIgay jeoo1 [~

\—»

Sumig 19poN

A

T00 42uL10f5up4]
Jo peoy Aqrep Xe]y

ammeradus)
A[rep xeN

YOl

Isyeam Kep-/

c0¢el

90

<

13/19



PCT/CN2015/070239

WO 2016/109946

vl Ol

W O R

o, PAAIISQQ

I

o5 PAAOIPAI

i
.

.3

&

[

4!

P

i
¥

e p BT

E
E:

|
i

am&wm Sunyse

G N AN AN WA M W WM RN W

1

R

T
-
.

o9 M

= ieB ]
sunsey
pue
suiuiedy
jepow
s|dlInN

14/19



PCT/CN2015/070239

WO 2016/109946

sreduro) <<

Gl 'Old

¢102

¢102~110¢

)

0t (%07)
s19s 3Unsa,

ot (%09)
sjes JuruIei],

15/19



PCT/CN2015/070239

WO 2016/109946

$5320ng

Suiepopy

[442)

amjrey

Sunse;
Burjapoy

Fusey
Sujopo

Sursayp
Burjapopy

Surepo 141!
[1eg
S3|qeLIEA L 0791
mou udisa(
Jred
Sa|(RLIBA J[29-01
ppweedfueyy — 8191
3
e
11X 20¢der
0171x %S
UOHRUIGWOd | g[g]
a|qeieA S3uRY)
X JOUOIIEUIqUI0D
ey [ VI91

osm-dajs asp)

3

91 Old

48!

0191

ﬁ XJo dnosd jenturay L

T 8091

X
|

N\

11X 8-a4dnos3 payejation
AyBiy yoea woay auo ya14

f

\.

4 fspowray

U1 pash 3q UED WOY JO U0
Auo ‘payepuos A[ySiy aJe ¢ |
X 71X 11X 3 adurexs 10

‘1Y1830) X

<
§,X awos Suisn jou Jo mo_sm\ A0S DAOWIAY

9091

f )
|

IsjuoRlanI0) X-X ‘A-X

*

sajqeLea (X )awoano pue (¥) Joyarpard pasedasd g‘ 091

ainpaosoid Buiuny pue Buily |9poN

16/19



WO 2016/109946

PCT/CN2015/070239

> e&zfs;. z;#z;;sss;siiiincizifsz @ON. ﬁi [ zwm_ww_‘tWLQ, ._;OL. mm_sﬂm;_\._;m>:m..~.mUQD .
A

Ll Old

" 7990 €8SE0 vP66'0 LEPSO 069900001
T P9T0 99TE0 €SST'T OVET'0 689900001
" 2600 £0CE0 €TPT'T 9900 889900001

w i
H
w ”
H
: sal[lqeqoid wm
: ¥
: :
“ ;

oeL1  $$9204d UoDIPId

FOLT S3|eleA 3WoanQ ZOL1 SOJ9eleA JOVIpald

9999'0 6¥9€°0 686"
Tt pESTO TIFE0 O
T 88900 ¥S6¢0 O

ozl $$3004d ulppow

m\ res
g€ 118590
8vC10

v£50°0

069900001
689900001
889900001

17/19



PCT/CN2015/070239

WO 2016/109946

O
ol
o0
—
221
-
2,
=
o
=
L
~
2]
=
=
<
A

va81 |T sanIIqeqoid peo[IdA0 Jo peo| AAeaY Y} J0IPaI]
w A
781 . (s)1opowr uorssaidar onsido] <
F 3

1SBOQIOJ JoUIBI M

Y

Y

0281 Sunsay 29 Jurum ‘Gururen [SpoA

1o1paad %p pPpow uredy, g

F 3

S[opow-qns peo| A[lep Xew 3s()  f—— 18]

sajqerreA Jojo1paid aepdn —— 3081

Junorpaid 10J vIR(T —— 9081

S[opow-qns peo[ A[lep Xew asn pue pying  f—— 081

sajqeLreA ay) 9jepdn pue surja(y °|

8181 ——| so[qerreA JWOOINQ S9[qeLIeA JOWIPAI e
m f f f
! [
! 081 — Sururerny [apow 10 Bleq

18/19



PCT/CN2015/070239

WO 2016/109946

6l Ol

08¢ Aeldsip pue ises310] ¢ )

A

8L¢

[opow & ouny pue )$3) ‘UreI],

A

9T
SO[QRLIEA

J0jo1paid JO J08qns € 109[ag

A

VLT wiojsuer) pue Jajj1J

)

SuonONASU] 7

Y
—

¥ s[qepeay somdwo))

WINIPaJA

4

AL SICT

TLT MAATIO)) PUB QATSDYY ﬁ >

6]

916

—

yorqpaa,j onder]

1403

aorre(g
uoneIuas) reudis

8161

-
—

wun jonuo)) nduy

cIsr

nun Lepdsiq

A4

Ol6r

e

Io[[ONU0))

061

09¢ aseqeye(
<« )
9761
N 20TAS(T
20BJIAIUT JIOMION
~
P un voneusuQ o6t
gz6l
KIOUIDA] o11BIS n yzol
Ao
—
KIOWO WIeA 76l
061

=

7061

006}

19/19



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2015/070239

A. CLASSIFICATION OF SUBJECT MATTER
G06Q 10/04(2012.01)i; GO6F 19/00(2011.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

G06Q GO6F

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

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

CNPAT, WPL, EPODOC, CNKI, GOOGLE: +load+, predict+, forecast+, model+, train+, distribution, power, transform+, convert
+, tun+

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A CN 103136598 A (FUJIAN ELECTRIC POWER CO., LTD. ET AL.) 05 June 2013 (2013-06- 1-20
05)
abstract, description, paragraphs [0010] to [0015], and figure 1

A CN 102270279 A (NORTH CHINA ELECTRIC POWER UNIVERSITY) 07 December 2011 1-20
(2011-12-07)
the whole document

A CN 102855385 A (SHANGHAI JIAO TONG UNIVERSITY ET AL.) 02 January 2013 (2013- 1-20
01-02)

the whole document

A CN 103559556 A (ZHEJIANG UNIVERSITY ET AL.) 05 February 2014 (2014-02-05) 1-20

the whole document

A WO 2014086226 Al (STATE GRID CORPORATION OF CHINA ET AL.) 12 June 2014 1-20
(2014-06-12)

the whole document

D Further documents are listed in the continuation of Box C. See patent family annex.

#  Special categories of cited documents:

document defining the general state of the art which is not considered ~ «p» later document published after the international filing date or priority
to be of particular relevance date and not in conflict with the application but cited to understand the

. Lo . . . rinciple or theory underlying the invention
“gr earlier application or patent but published on or after the international P P ry ying . ) )
filing date wx document of particular relevance; the claimed invention cannot be

considered novel or cannot be considered to involve an inventive step

“ document which may throw doubts on priority claim(s) or which is when the document is taken alone

cited to establish the publication date of another citation or other . . . .

special reason (as specified) wy» document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is

combined with one or more other such documents, such combination

being obvious to a person skilled in the art

document member of the same patent family

, document referring to an oral disclosure, use, exhibition or other
means

«p»» document published prior to the international filing date but later than <. ¢ .
P’ the oriori : &
e priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
08 September 2015 25 September 2015
Name and mailing address of the ISA/CN Authorized officer
STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA .
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing YANG,Jishuang
100088, China
Facsimile No. (86-10)62019451 Telephone No. (86-10)62414422

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2015/070239
. Patf:nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 103136598 A 05 June 2013 None
oN 102270279 A 07 December2011 None
" N 1 62855385 ------ A 02 Janua.ry 2013 None -----------------------
- o~ 1 63559556 ------ A 05 February 2014 None -----------------------
WO 2014086226 Al 12 Jjune 2014 ON 103854067 A 11 June 2014

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - claims
	Page 60 - claims
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - wo-search-report
	Page 81 - wo-search-report

