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Abstract. In the big data environment of power enterprise operation, power con-
sumption information plays an important role in user behavior monitoring and
power generation task planning. In order to provide effective information refer-
ence for power work, big data processing technology is applied to optimize the
design of power information acquisition method. According to the composition
structure and working principle of the power network, the power network model
is constructed. The power information collector and processor are installed, and
the A/D conversion circuit is used to complete the A/D conversion of the power
information acquisition signal. Synchronously control the power consumption
information acquisition program, and use big data processing technology to count
the power consumption information parameters, such as electricity consumption
and electricity charges. Through noise filtering, missing value compensation and
other steps, the pretreatment of the information collected at sea is completed,
so as to realize the collection of electricity information. Compared with the tra-
ditional acquisition method, it is found that the acquisition error of the optimal
design method in the two aspects of electricity consumption and electricity cost
is reduced by 0.345 kWh, 0.095 yuan, reducing the redundancy of the acquisition
information, and improving the integrity of the acquisition information.

Keywords: Big Data Processing Technology · Power Consumption
Information · Information Collection

1 Introduction

User power consumption information acquisition is to realize power consumption mon-
itoring [1], implement step pricing, load management, and line loss analysis through the
acquisition and analysis of power consumption data of distribution transformers and end
users, and finally achieve the purposes of automatic meter reading, off peak power con-
sumption, power consumption inspection, load forecasting, and power consumption cost
saving. To establish a comprehensive user electricity information acquisition system, it
is necessary to build the system master station, transmission channel, acquisition equip-
ment and electronic watt hour meter. The coverage rate of power information acquisition

© ICST Institute for Computer Sciences, Social Informatics and Telecommunications Engineering 2024
Published by Springer Nature Switzerland AG 2024. All Rights Reserved
B. Wang et al. (Eds.): ICMTEL 2023, LNICST 534, pp. 393–410, 2024.
https://doi.org/10.1007/978-3-031-50577-5_28

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-50577-5_28&domain=pdf
https://doi.org/10.1007/978-3-031-50577-5_28


394 J. Wang et al.

of State Grid Corporation of China is 100%. With the application of smart meters in
China becoming more and more popular, to a certain extent, it has increased the daily
collection of electricity data in China, and also increased the difficulty of data acquisition
and data analysis of the electricity consumption information acquisition system. Fortu-
nately, the development and application of big data technology have effectively solved
the problem of large real-time data volume of the electricity consumption information
acquisition system. The practice shows that the big data power consumption information
acquisition system that conforms to the IEC international communication standard can
support tens of millions of users at the same time, and can complete real-time acquisi-
tion of all kinds of power data, remote parameter configuration, two-way time division
measurement, power quality detection, power failure detection, on-off control, break-
point detection, etc. Under this technical support, the power consumption information
acquisition system can complete various services for power customers, such as power
price and rate adjustment Power demand, analysis and statistics of power consumption
data [2]. By the end of 2021, China’s power supply companies are carrying the power
supply demand of 130 million residents, covering more than 90% of the land area, form-
ing a 220 kV power supply scale with three layers and two networks. Data sources are
extensive, processing is difficult, and users are distributed dispersedly, increasing the
difficulty of traditional manual meter reading, causing errors and losses, affecting work
efficiency and decision-making speed, and data privacy is easy to leak, As a result, the
security of users’ basic information cannot be guaranteed, so it is necessary to design
power consumption information acquisition.

At this stage, the moremature power information acquisitionmethods include: cloud
storage based power information acquisition method, DLPTP clock synchronization
based power information acquisitionmethod and redundancy analysis based power infor-
mation acquisition method. The cloud storage based power acquisition method can be
used to record the voltage, current, effective power, reactive power, frequency Weighted
harmonic distortion, unweighted harmonic distortion, harmonic and other parameters.
The principle of information acquisition and measurement recording is: measure the
effective value of voltage in one cycle or half a cycle. When the effective value of volt-
age exceeds the set upper or lower threshold, record the parameters of each channel at
that time;When the effective value of voltage is within the set upper limit and lower limit
threshold, it will not be recorded. High quality flash memory is used internally to com-
press and store the measured data. The amount of data compressed for a single channel
can be reduced to 5% of the original amount, and the compressed data can be trans-
mitted through LAN/WAN. In addition, the power consumption information acquisition
method based on DLPTP clock synchronization mechanism pays more attention to the
synchronization of information acquisition, and avoids repeated acquisition and acqui-
sition deviation of power consumption signal as far as possible. The power consumption
information acquisition method based on redundancy analysis analyzes the redundant
part of the acquisition results to minimize the redundancy of the power consumption
information acquisition results. However, the above power consumption information
acquisition methods still have the problem of poor acquisition quality in the actual use
process, which is mainly reflected in the low acquisition accuracy and low integrity of
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the acquisition information. Therefore, big data processing technology is applied to the
acquisition of power consumption information.

Big data analysis technology specifically refers to big data application technology,
covering various big data platforms [3], big data index systems and other big data appli-
cation technologies. The big data analysis technology can be divided into distributed
computing, data storage, data parallel computing and other parts. The big data analy-
sis technology is applied to the power consumption information acquisition work, and
the acquisition method is optimized to improve the power consumption information
acquisition performance.

2 Design of Power Consumption Information Acquisition Method

With the support of big data technology, the power consumption information acquisition
process is shown in Fig. 1.
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Fig. 1. Power consumption information acquisition flow chart

Figure 1 Power consumption information collection process can be summarized as
the following steps:

Step 1: Determine the power consumption information collection;
Step 2: Design power consumption information acquisition rules;
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Step 3: Obtain the power information list;
Step 4: Judgewhether the platform generates new power information? If yes, retrieve

the power information list according to step 2; If not, go to step 5;
Step 5: Initial acquisition of power information processing;
Step 6: Distributed storage of power information.
The power consumption information acquisition includes three aspects, namely, real-

time acquisition, timing task acquisition and terminal active reporting. Real time acquisi-
tion refers to the data required for real-timemeasurement, including terminal parameters,
real-time data, historical data, terminal events, etc. The timed task collection is the most
important aspect of data collection. The system terminal data is collected by timed auto-
matic tasks and then stored in the database. The main content of the timing task includes
the collection of historical data terminals. After the first data collection, the data shall be
analyzed and measured immediately to calculate the success rate, and then the invalid
data obtained from the collection and analysis shall be supplemented. Scheduled auto-
matic task collection needs to configure the task type, task start time, number of tasks
to be executed each day, task priority, task collection date, task collection data set and
other related information. The timing task can complete the collection of more than 98%
of the data in four hours. In this way, timed task collection has two advantages. First,
it can take the data of the day in time and make statistics and analysis on it. Second, it
does not affect the operation of other businesses and does not occupy working time. By
configuring tasks and saving them, you can obtain relevant task information, including
the priority, start time, cycle, interval between task execution, and running status of all
tasks. Configure the scheme to realize the active reporting of terminal data, and transmit
the reported task scheme to the designated terminal [4]. The terminal will confirm the
task, and then actively report the task data regularly according to the content of the task
plan. After getting the actively reported data, the collection server and front-end server
will process the data and store it in the database after processing. After actively report-
ing the task scheme, you can view the terminal and system’s active reporting forecast,
and use this as a reference to adjust the time and data volume of the active reporting
task, so as to ensure the balance rationality of the system’s all day reporting data. The
task scheduling module is formed by integrating real-time data acquisition, timed task
acquisition and terminal active reporting data processing.

2.1 Construction of Electricity Network Model

The power grid is generally connected with the power generation network, distribution
network and transmission network. In consideration of power generation, distribution,
transmission, storage and other factors, the power network model is built as shown in
Fig. 2.

The real-time output characteristics of the power generation terminal in the network
model environment can be expressed as Formula 1:

I = Ig − Ib

{
exp

[
q(Ue + IeRseries)

κdiodeγ

]
− 1

}
− Ue + IeRseries

Rparallel
(1)
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Fig. 2. Structure Diagram of Power Network Model

In formula (1), Ig and Ib respectively represent the real-time generated current and
reverse saturation current, q represents the amount of charge generated by power genera-
tion, Ie andUe represent the rated current and rated voltage, Rseries and Rparallel represent
the series resistance and parallel resistance in the grid environment, κdiode represents the
characteristic parameters of the diode element, and γ represents Boltzmann constant
[5]. The available power generated by the grid in real time can be expressed as Formula
2:

Q = I2Rall (2)

Substitute the calculation result of Formula 1 into Formula 2 to get the calculation
result of real-time power consumption in the power network model. Use Formula 3 to
calculate the maximum power consumption provided by the power network.

Qall = Q + Qstorage (3)

In Formula (2),Qstorage represents the total electricity storage in the grid model. The
real-time work process of the power network and the initial network power data are
substituted into the power network structure to complete the construction of the power
network model.

2.2 Installation of Power Information Collector and Processor

In the constructed power networkmodel, install the power consumption information col-
lector as the hardware support for the operation of the acquisition program, and install a
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processor device to connect with the information collector to process the real-time col-
lected power consumption information and provide hardware support for the operation
of big data processing technology. In view of the particularity of power consumption
information acquisition, the working principle of power consumption information acqui-
sition is to collect power grid signals in real time, including analog signals such as grid
voltage signals and grid current signals, with a total of 18 differential signals [6, 7].
After the EMI filter effectively suppresses the influence of external environmental noise
on the system, the analog signal passes through the differential operational amplifier to
obtain the signal to be converted by A/D sampling. The normal operation of each com-
ponent in the power consumption information collector is guaranteed by the acquisition
board FPGA. The function of the acquisition board FPGA is to receive the synchronous
sampling signal sent by the core board FPGA through the I/O port, and control the
synchronous sampling and holding of three A/D chips; Then, the grid data after A/D
A/D conversion is sequentially stored in the RAM of the acquisition board FPGA, and
is sequentially stored from 1 to 18 channels; Then, under the control of the core board
FPGA, these digital signals are transmitted to the core board FPGA through the I/O
port. The function of the core board FPGA is to receive the GPS signal, double the fre-
quency of the GPS pulse signal to 1MHz through a phase-locked loop, and send it to any
frequency division module. The frequency division module divides the 1 MHz signal
as required to generate a synchronous sampling clock that controls A/D synchronous
sampling conversion, and records the GPS time scale during synchronous sampling. The
grid data after A/D sampling conversion is obtained from the acquisition board FPGA
and stored in the dual port RAM in the form of ping-pong buffer. When either of the two
storage spaces of the dual port RAM ping-pong cache is full, it sends an identification
signal to the DSP. After that, the DSP can process the digital signals stored in this part of
RAM, mainly including lossless compression and lossy compression of data, and trans-
mit and store the processed data [8]. The core board FPGA generates control signals to
control the dual port RAM, including enable signals and read/write signals. At the same
time, the core board FPGA also generates a write clock to control the dual port RAM
writing process.

The processor used in the user information collection method takes the dual core
processor chip as the core component, and the dual core processor chip selects ARM-
Cortex - A9 as the processor core. A9 adopts the ARM-v7 architecture, which has rich
functions and runs fast. At the same time, A9 has its own NEON coprocessor. The media
signal processing structure in this coprocessor enriches audio, video and image process-
ing instructions. These advanced multi data stream instructions can be used for ARM
and Thumb status at the same time. Cortex.A9 microarchitecture can be used for both
traditional single core processors and scalable multi-core processors. In this design, the
speed index of dual core processor chip is 1.3 GHz.

2.3 Analog Digital Conversion of Electric Power Information Acquisition Signal

The A/D circuit is used to realize the A/D conversion processing of the real-time elec-
tricity information acquisition signal. The designed A/D conversion circuit is shown in
Fig. 3.
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Fig. 3. A/D conversion circuit diagram

The four channel 12 bit high-speed sampling/holding device AD7874 is used in
the design of analog digital conversion circuit to sample the instantaneous value of
voltage and current. The AD7874, a synchronous data collector with high accuracy and
small relative delay, is made by the analog device company using the LC MOS process.
The AD7874 can synchronously sample the input of four channels and save the size
information and relative phase between the four channels, which makes the AD7874
particularly suitable for three-phase voltage and current detection, AC motor control
and other occasions where the size information and relative phase of each channel are
required [9]. The A/D conversion circuit shown in Fig. 3 can synchronously sample four
channels, each channel has its own sample/hold amplifier, and the sample/hold time is
2 s; There is a high-speed 12 bit A/D converter inside, which converts the input sampling
values of each channel in turn. The conversion time of each channel is 8 s, the conversion
accuracy is ± 1 LSB, and the sampling rate of all four channels can reach 29 kHz. With
fast data transmission interface, it can be directly connected with 6-bit microprocessor
and other interfaces. Moreover, it is equipped with a 3 V precise reference source and
a clock generator, with an input voltage range of ± 10 V, a typical input impedance of
30 k, and a data bus output form of binary complement.

2.4 Synchronous Control Electricity Information Acquisition Procedure

The synchronization control of the power consumption information acquisition program
is divided into two stages: clock alignment and correction. First, the slave clock is consis-
tent with the master clock, and then the deviation between the slave clock and the master
clock is reduced within the clock alignment interval. An appropriate error correction
algorithm can prolong the clock interval. It is important for resource constrained clocks
to reasonably determine the clock synchronization interval and reduce unnecessary clock
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synchronization operations. Clock synchronization is the process of adjusting its local
time from the clock to the standard time of the master clock. The specific operation
process can be quantified as Formula 4:

⎧⎪⎨
⎪⎩
tSlave,1 = tMaster,1 + ε + TMS

tMaster,1 = tSlave,2 − ε + TSM
δ(TMS,TSM) = 0

(4)

In Formula (4), tSlave and tMaster respectively represent the slave clock and master
clock of the power consumption information acquisition program, ε represents the time
offset of the slave clock relative to the master clock, TMS and TSM represent the propaga-
tion time of the message between the master clock and the slave clock, and δ(TMS,TSM)

represents the round-trip time difference. The local time of slave clock is consistent
with the standard time of master clock after clock alignment [10]. However, due to the
drift of the clock, the local time will deviate from the standard time until the next clock
calibration. The maximum allowable deviation is assumed to be εmax. The slave clock
can run a time error correction algorithm to reduce this deviation. In the same way, we
can get the correction algorithm of the non-linear error of the electric power information
acquisition program, so as to greatly increase the clock time interval and realize the
synchronous control of the operation process of the acquisition program.

2.5 Applying Big Data Processing Technology to Statistics of Electricity
Information Parameters

The distributed computing technology in big data processing technology is applied to
statistics of electricity consumption parameters, electricity charge parameters and line
loss parameters in electricity consumption information.There are twokinds of distributed
computing technologies: offline computing and real-time computing. Offline computing
is dominated by Hadoop parallel computing framework, while real-time computing is
dominated by Storm stream computing framework. The traditional way of computer
analysis and data collation is to collect data first, then store it in the database program
and search the data after receiving the request [11, 12]. This is an efficient processing
method, but it is a tight structure, and usually causes awaste of time. In streamcomputing,
streamdata can be analyzedwhen it is received, and real-time computing can be achieved.
The operation framework of distributed computing technology in big data processing
technology is shown in Fig. 4.

Using the distributed computing technology shown in Fig. 4, the collection result of
electricity consumption information is shown in Formula 5:

yPower(t) = xPower(t) +
nt∑
t=1

ξinfluenceλ
(T )
t (5)
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In Formula (4), xPower(t) is the power consumption data acquisition sequence, t and
nt are the information acquisition time and total duration, ξinfluence is the impact factor of
information acquisition, and λ

(T )
t is the pulse function. In addition, the collection result

of electricity charge information is Formula 6:

yfees(t) = yPower(t) × cUnit (6)

In Formula (6), cUnit is the cost of unit electricity. Similarly, the statistical results of
power consumption information parameters in any period can be obtained.

2.6 Pretreatment of Initial Acquisition Power Information

In order to ensure the acquisition quality of power consumption information, it is neces-
sary to preprocess the noise information, repeated information and missing information
in the initial acquisition information. The electric noise information is processed by
median filtering, and the filtering window is constructed to move point by point in
the initial acquisition of electric information. After the calculation and processing of
Formula 7, the filtering results of information noise are obtained.

y′
filter =

⎧⎨
⎩
y n

2
, n ∈ Ueven

1

2

(
y n
2

+ y n+1
2

)
, n ∈ Uodd

(7)

In Formula (7), Ueven and Uodd respectively indicate that the initial collection set of
electricity information belongs to an even number or an odd number [13]. The purpose of
repeated information preprocessing is to reduce the redundancy of power consumption
information acquisition results. First, use Formula 8 to judge the similarity of any two
power consumption information in the initial acquisition results.

s
(
yi.yj

) = yi · yj
‖yi‖2 · ∥∥yj∥∥2 (8)

In Formula (8), yi and yj respectively represent any two of the initially acquired
electricity information [14]. If the calculation result of formula 8 is higher than the
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threshold value s0, it means that yi and yj are highly similar and need to be filtered.
Otherwise, yi and yj are considered as non repeated information and no filtering operation
is required. After repeated data filtering, the statistical result of electricity consumption
information is as shown in Formula 9:

Ny = N0 − Nrepeat

2
(9)

In Formula (9),N0 andNrepeat respectively represent the initial acquisition of electric-
ity information and the detection of repeated electricity information. Finally, the missing
values in the electricity information are processed, and the processing results are shown
in Formula 10:

y′
defect =

[
ω1(yt−i + yt+i) + ω2(yt−1 + yt+1)

]
2

(10)

In Formula (10), ω1 and ω2 represent the weighting coefficients of the power con-
sumption information of the acquisition time before and after the missing value. After
the above process, the preprocessing of the initial acquisition of electricity information
is completed.

2.7 Realize Power Consumption Information Acquisition

2.7.1 Classification of Electricity Information

In order to improve the utilization rate of collected electricity information, with the
support of big data processing technology, determine the type of current information,
and provide reference for the classified storage of electricity information. According to
the acquisition object of power consumption information, different power consumption
information is selected as the standard information type. Formula 11 is used to calculate
the matching degree between the real-time acquisition power consumption information
and the standard information.

ψ =
√
y2i − y2set (11)

In Formula (11), yset represents the set type standard feature. Compare the relation-
ship between the matching degree and the threshold value. If the calculation result of
the matching degree is higher than the threshold value, it is considered that the current
power consumption information is consistent with the yset type, otherwise it is consid-
ered that the two types are inconsistent, and the next standard type data needs to be
matched. Finally, the electricity information divided into the same type will be fused,
and the processing result is shown in Formula 12:

ψ =
ntype∑
i=1


i · yi (12)

In Formula (12), 
i represents the fusion coefficient of electricity information, and
ntype represents the amount of electricity information divided into the same type. This
completes the classification of electricity information.
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2.7.2 Distributed Storage of Collected Electricity Information

The big data technology is applied to the information collection system, and the dis-
tributed storage mode is used to solve the problem of data loss to a certain extent. At the
same time, the distributed storage mode can also support cluster data for stream comput-
ing, effectively ensuring the real-time performance of computing data. Distributed data
acquisition has the advantages of high availability and high reliability. It can effectively
ensure the real-time performance of the collected data and the timeliness of HDFS data
in the process of power information acquisition. Stom distribution and stream computing
have the timeliness of data acquisition and data storage. The distributed data acquisition
method can set multiple agents according to the number and location of data acquisition
terminals to complete multi-threaded data acquisition, At the same time, Hadopyam is
used to improve the appending function of data files [15]. Figure 5 is a schematic diagram
of distributed data storage of power consumption information acquisition results.

Acquisition 

front-end 

processor

Source Sink

Channel

HDFS

Fig. 5. Distributed storage of information collection results

Multi thread and storage buffer pool technology are adopted to dynamically apply for
database connection according to the number and priority of stored data. Multi thread
technology is adopted to realize parallel storage. Concurrent control access strategy
is adopted to reduce resource competition for data storage space access and improve
the storage efficiency of power consumption information collection results. The above
process completes the real-time collection of user information.

3 Application Experiment Analysis

For the purpose of testing the application performance of big data processing technol-
ogy in power consumption information acquisition, the application performance test
experiment is designed. The power consumption information acquisition method before
the application of big data processing technology and the power consumption informa-
tion acquisition method using cloud storage technology are selected as the comparison
method of the experiment. Through the test and analysis of power consumption infor-
mation acquisition error, acquisition redundancy and acquisition integrity, It shows the
advantages of the optimization design method in information collection performance.
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3.1 Setting Up the Operation Environment of Power Consumption Information
Acquisition Method

Restricted by the hardware conditions, the optimized design of electricity information
acquisitionmethod deployed a big data processing technology platformon the laboratory
server through virtual machines. The configured server type is P8000 workstation, the
processor is IntelXeonCPUE5-2620v32.40 GHz * 2, the memory capacity is set to
256 GB, the network card is installed with Gigabit Ethernet Card, and the operating
system is WindowsServer2012R2DataCenter. Install VMware virtual software on the
server, use VMware to virtualize the server, virtualize several virtual machines, install
Ubuntu Server14.04.5LTS (64bit) operating system on all virtual machines, configure
root user password, set static IP/DNS, and close the firewall. Since all node hosts trust
each other through hosts, you need to configure the mapping between IP and hostname
in the node host/etc./host file. Finally, you need to configure password free SSH login
for all virtual machines, install NTP services, and unify the time source. Through the
configuration of the operating environment of the acquisition method, it is ensured that
the optimized acquisitionmethod can operate normally in the experimental environment,
and the acquisition results will not be affected by the external environment.

3.2 Selection of Power Consumption Information Acquisition Object

In the experiment, the power supply area of a power supply company is selected as the
collection object of power consumption information. The area of the power supply area
is 502.6 km2, and the number of power users in the area is about 1980, including 1240
ordinary users, and the rest are commercial or industrial users.

3.3 Preparing Power Consumption Information Collection Samples

By controlling the working parameters, working hours and working quantities of the
electrical equipment within the scope of the power consumption area, the preparation of
the power consumption information acquisition samples is realized. The preparation of
some power consumption information samples is shown in Table 1.

The electricity charging standard within the selected electricity consumption area is
0.54 yuan/kWh, so we can get the setting result of electricity charge information. The
data in Table 1 represents the power consumption datawithin one hour at the beginning of
the experiment. According to the abovemethod, the design results of power consumption
information samples at any time during the experiment can be obtained, which is used
as the comparison standard to judge the collection results of the design method.



Application of Big Data Processing Technology 405

Table 1. Sample Setting of Power Consumption Information Collection

User No Power consumption/kWh Electric charge/yuan Power consumption
information/MB

1 4.5 2.43 503

2 2.7 1.46 525

3 1.3 0.70 637

4 1.5 0.81 414

5 2.0 1.08 603

6 3.4 1.84 578

7 3.6 1.94 562

8 4.2 2.27 485

9 1.8 0.97 377

3.4 Describe the Application Experiment Process

The hardware equipment is installed in the test environment, and the communication
network is used to connect the hardware equipment with the host computer. Under the
condition that the user uses electricity normally, start the big data processing technology
and electricity information acquisition program at the same time, and obtain the collec-
tion results of electricity information through the operation of the optimization design
method. Figure 6 shows the power consumption information acquisition results of the
optimized design method.

Under the same experimental environment, the comparison method set in the exper-
iment is developed, and the corresponding output results are obtained through the
operation of the comparison acquisition method, as shown in Fig. 7.

Similarly, the output results of the power consumption information acquisition
method using DLPTP clock synchronization mechanism can be obtained.

3.5 Setting Quantitative Test Indicators for Application Experiments

The experiment is conducted from three aspects: the error, redundancy and integrity of
electricity information collection. The error of electricity information collection refers
to the error between the collected information and the prepared data samples. The test
result of this indicator is shown in Formula 13:

εcollection = |ycollection − ystandard| (13)

In Formula (13), ycollection and ystandard represent the collected value and standard
value of electricity information respectively. The lower the acquisition error of electrical
information, the better the acquisition effect of the corresponding method. In the actual
test process, the test is conducted from the two aspects of electricity consumption and
electricity cost. The smaller the acquisition error is, the better the performance of the
corresponding acquisition method is.
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Fig. 6. Information Collection Results of Big Data Processing Technology

The numerical results of information redundancy are shown in Formula 14:

ηredun =
Nrepeat

2

Ncollection
(14)

In Formula (14), Nrepeat and Ncollection are respectively the amount of duplicate data
and the total amount of collected information in the collection results. The higher the
redundancy of the collected information, the higher the rate of missed recovery in the
process of power consumption information acquisition.

The test results of collected integrity indicators can be expressed as Formula 15:

ηcomplete = Ncollection

Nall
× 100% (15)

In Formula (15), Nall represents the set number of power consumption information
samples. The calculation shows that the lower the redundancy and the higher the integrity
of the collected information, the better the collection performance of the corresponding
method.



Application of Big Data Processing Technology 407

Power consumption Electricity fees Line loss

Power consumption information acquisition

2 4 6 8

1.0

1.5

2.0

0.5

2.5

103 5 7 91 11
Time/h

No User No User NameTime
Metering 

point No

Name of 

measuring 

point

Power 

consumption/kWh

1 20105045 Area A452022-01 457107962 07962 3450

2 20105046 Area A462022-01 457107962 07962 5896

3 20105047 Area A472022-01 457107962 07962 7564

4 20105048 Area A482022-02 457107962 07962 4528

5 20105049 Area A492022-02 457107962 07962 10525

6 20105050 Area A502022-02 457107962 07962 8872

7 20105051 Area A512022-02 457107962 07962 4561

8 20105052 Area A522022-03 457107962 07962 3770

(b) Collection method using cloud storage technology
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(a) Acquisition method without big data processing technology

Fig. 7. Power consumption information acquisition results of comparison method
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3.6 Application Experiment Results and Analysis

Through the statistics of relevant data, the test results of power consumption information
acquisition error are obtained, as shown in Table 2.

Table 2. Test Data of Electric Power Data Acquisition Error

User No Power consumption information

acquisition method without big data

processing technology

Power consumption information

acquisition method using cloud storage

technology

Power consumption information

acquisition method using big data

processing technology

Power

consumption/kWh

Electric

charge/yuan

Power

consumption/kWh

Electric

charge/yuan

Power

consumption/kWh

Electric

charge/yuan

1 4.1 2.21 4.0 2.35 4.5 2.41

2 2.3 1.25 2.2 1.31 2.5 1.45

3 0.8 0.54 0.9 0.52 1.3 0.70

4 1.1 0.67 1.1 0.66 1.5 0.80

5 1.7 1.03 1.6 1.02 2.0 1.05

6 3.0 1.66 3.0 1.62 3.3 1.83

7 3.2 1.89 3.3 1.90 3.5 1.92

8 3.7 2.22 3.8 2.23 4.2 2.25

9 1.4 0.94 1.3 0.93 1.6 0.94

By substituting the data in Table 1 and Table 2 into Formula 13, it is calculated that
the average power consumption acquisition error of the power consumption information
acquisition method before and after the application of big data processing technology is
0.41 kWh and 0.07 kWh, and the average power charge acquisition error is 0.12 yuan
and 0.02 yuan, while the average power consumption and power charge information
acquisition error of the telecommunication information acquisition method using cloud
storage technology are 0.42 kWh and 0.11 yuan, respectively. In addition, through the
calculation of Formula 14 and Formula 15, the test comparison results of the redundancy
and integrity indicators of power information acquisition are obtained, as shown in Fig. 8.

It can be seen from Fig. 8 that the redundancy of the proposed method is lower than
0.05 and the integrity is higher than 0.19. Compared with the two comparison methods,
the results obtained by the power consumption information acquisition method using big
data processing technology have lower redundancy and higher integrity. This proves that
the big data processing technology has high application value in the power consumption
information collection.
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Fig. 8. Information Acquisition Redundancy and Integrity Test Results

4 Conclusion

With the development of society, power grid business has become more and more com-
plex, which has caused difficulties in data collection, data calculation, data statistics
and analysis, and its data storage has also increased. Therefore, this paper proposes the
application research of big data processing technology in power consumption informa-
tion acquisition. Through the integration and application of big data technology, the
performance bottleneck of the power consumption information acquisition system has
been effectively solved, so as to better assist the normal operation and maintenance of
power consumption information acquisition and grid development.
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