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Power Internet of,ings (abbreviated as PIoT) is the information infrastructure to provide ubiquitous perception ability for smart
grid (abbreviated as SG). To better deploy and utilize PIoT, its perception ability must be comprehensively assessed in terms of
technical performance and economic benefits. However, at present, there is no assessment framework for PIoT due to the high
diversity and heterogeneousness of SG scenarios. Additionally, there is information overlap between metrics in the assessment
framework. ,e assessment model which could remove redundant information between metrics and simplify the assessment
framework is an urgent demand to improve the effectiveness and timeliness of assessment. Consequently, first, aiming at the
power system requirements of complex and diverse, a general assessment framework is put forward to assess the ability of PIoT in
terms of technology and economy. Next, the requirement characteristics of power distribution scenario (abbreviated as PDS) are
precisely analyzed with active context-knowledge orchestration technology. ,e general assessment framework is instantiated to
build an instantiation assessment scheme in PDS. Moreover, an assessment model is established based on the instantiation
assessment scheme to assess the efficiency of PIoT in Beijing. Finally, the assessment model is further refined with the machine
learning technology to improve the efficiency of assessment. ,is refinement model achieves the extraction of 4-dimensional
metrics from 23-dimensional metrics for assessment and finally improves assessment efficiency by 82.6%.

1. Introduction

As being a hub of the energy system, smart grid (abbreviated
as SG) has the important mission that it not only unblocks
the energy industry chain but also promotes the achievement
of carbon peaks and carbon neutrality goals [1]. Conse-
quently, it is necessary to continuously strengthen the in-
tegration of power grid (abbreviated as PG), information
network, and energy network to form a new energy eco-
system with SG as the main body [2, 3]. Meanwhile, with the
continuous upgrading and transformation of the power
system, the Internet of ,ings (abbreviated as IoT) plays an
increasingly important role in it [4]. ,e IoT is a network

form that uses information sensing equipment to connect
objects and the Internet to communicate in accordance with
an agreed protocol to achieve intelligent tracking and
management of objects. As a research hotspot in academia
and industry, it has attracted widespread attention. For
instance, Xin and Zhang studied the resource allocation of
the Cognitive Industrial Internet of ,ings (abbreviated as
CIIoT) and proposed a cluster-based CIIoT to improve
sensing and transmission performance of the CIIoT [5].
Additionally, in order to improve the transmission per-
formance, Liu et al. also proposed a multibeam satellite
Industrial Internet of ,ings (abbreviated as IIoT) with
nonorthogonal multiple access (abbreviated as NOMA),
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while guaranteeing the QoS for the satellite IIoT, including
the required transmission rate and transmission delay [6].
,e IoT combines communications, information, sensing,
automation, and other technologies. It widely deploys
various intelligent sensing devices with certain perception,
computing power, and execution capabilities in all aspects of
power production, transportation, consumption, and
management. Importing IoT technology to power system
can effectively integrate the communication infrastructure
resources and power system infrastructure resources, which
can improve the information level of power system and the
utilization efficiency of the existing infrastructure and
provide important technical support for power generation,
transmission, transformation, and distribution [7]. ,e
Power Internet of ,ings (abbreviated as PIoT) is a network
system formed by connecting all objects related to power [8].
It is the specific manifestation of the IoT in the power in-
dustry as well as the infrastructure for SG to achieve in-
formation interaction [9]. In power systems,
communication between a large number of devices required
the need for greater capacity, greater connectivity, and
higher data rates which can be achieved by merging 5G with
IoT. ,is is because the 5G cellular network has promising
features to provide much lower latency, increased integra-
tion within the mobile network, and longer range [10]. ,e
PIoT uses widely deployed terminal to collect massive data,
which can provide data support for the organic fusion of PG,
information network, and energy network [11, 12]. PIoT is
made up of various IoT sensors, smart terminals, cloud
platforms, and other devices with collecting massive data
connected through various communication networks [13].
Analyzing and processing of collected data, the overall
operation law of the SG can be discovered with the data
relationship, which can improve the visibility of the SG [14].
Accordingly, the visibility and controllability of the PIoTwill
affect the operation security of SG.

,e efficiency assessment for PIoT is a significant way to
measure the development of PIoT. However, there is a lack
of relevant work about the efficiency assessment of PIoT.,e
study in related fields can provide research ideas, such as the
SG assessment and the Energy Internet assessment [15–19].

In the field of SG assessment, Li designed an evaluation
model integrating TOPSIS and grey management analysis
method, which is successfully applied to evaluating the
development of economic benefit in five service areas of
power supply in Zhejiang province [20]. Hall and Foxon
applied the cost-benefit method to quantitatively analyze the
economic benefits of the SG in a certain area of the United
Kingdom [21]. However, the above research studies only
analyzed the economic benefit of the SG, neglected the
multiattribute problem of the SG from the technical, en-
vironmental, and other aspects, and failed to build a mul-
tilevel evaluation model to comprehensively evaluate the SG.
Unlike them, Zeng et al. built a modified comprehensive
evaluation index system of demand response benefit cov-
ering economy and environment to provide effective
guidance for scientific investment decision-making of the
intelligent distribution network [22]. Li and Chen designed

an indicator system to evaluate the potential for regional
electric energy substitution in China from the aspects of
socioeconomic level, energy consumption structure, and
environmental protection constraints [23]. Next, the
TOPSIS method with improved connection degree was used
to comprehensively evaluate the regional power substitution
potential.

SG is the core of the Energy Internet, which is the grid
with distributed, open and shared based on renewable en-
ergy. In the area of Energy Internet efficiency evaluation,
Fang et al. presented an evaluation index system containing
intermittent energy indicators based on the analysis of in-
fluential factors of operation and economic efficiency of the
power system [24]. Nevertheless, this study only evaluated
the PG from two aspects of operating efficiency and in-
vestment benefits, which made the research perspective
slightly single. Lu et al. constructed a novel evaluation
criteria system from the economic aspect, environmental
aspect, technical aspect, energy aspect, and service aspect
[25]. ,is system can make assessment comprehensive and
objective for energy management system of regional inte-
grated. However, literature [24] and literature [25] did not
consider the demand differences of research subjects in
different power system scenario (abbreviated as PSS) when
evaluating research subjects. Liu et al. proposed a unified
evaluation model to assess the adjustable capability of dis-
tributed energy systems under typical scenarios at a single
moment, and the impact of economic constraints on the
adjustable capability was also extensively analyzed [26].

,e abovementioned works generally assess the object of
study from economic and technical, which can provide a
useful reference for the subsequent assessment of PIoT.
Nevertheless, existing research studies on PIoTare rare, and
there are still some problems which are needed to be solved.
,e main problems are listed as follows:

(1) ,ere lacks a general assessment framework for
PIoT. PIoT is the basis for SG to collect data. An-
alyzing massive data, the operation rules and po-
tential risks of the SG can be found, which can
achieve stable operation and optimal allocation of
resources for the power system. Accordingly, we
need to assess whether the efficiency of PIoT meets
the requirement for SG development.

(2) ,ere lacks an instantiation assessment scheme for
PIoT in typical scenario. ,e types of PIoT nodes in
different PSS are different, and the perception re-
quirements are complex and diverse. Consequently,
the requirement abilities of PIoT differ in different
PSS. Hence, the assessment framework should be
specific to certain scenarios.

(3) ,ere lacks a dimensionality reduction model for
instantiation assessment scheme. ,e phenomenon
of information intersection will inevitably occur
among the indexes of the instantiation assessment
scheme. Accordingly, the main features of the in-
stantiation assessment scheme are extracted by using
the dimensionality reduction model, which can
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reduce the dimensionality of the instantiation as-
sessment scheme. It weakens the complexity of the
assessment model and improves timeliness of the
assessment.

To fill these gaps mentioned above, this paper closely
integrates the current internal environmental factors such as
the requirement and the development direction of the PG
and external environmental factors such as technological
development and national policies, which were faced by the
current development of PIoT. Additionally, the technical
route is adopted in this paper: first, building a general as-
sessment framework; next, reshaping the instantiation as-
sessment scheme in certain scenarios; then, establishing an
assessment model; finally, achieving the comprehensive
assessment and refinement analysis of PIoT.

,e main contributions of this study are as follows:

(1) To comprehensively assess the efficiency of PIoT in
terms of ubiquitous perception, security protection,
etc., the general assessment framework of PIoT is
built

(2) ,e core requirements of the power distribution
scenario (abbreviated as PDS) are explored by using
Active Context-Knowledge Orchestration Technol-
ogy (abbreviated as ACKOT), and an instantiation
assessment scheme with the requirement charac-
teristics of the PDS is built

(3) ,e assessment model based on PCA and AHP is
designed to assess the efficiency of PIoT

(4) A refinement model based on machine learning
technology (abbreviated as MLT) is proposed to
reduce redundant information between metrics to
achieve dimensionality reduction of the instantiation
assessment scheme

2. Building an Assessment Framework

With the in-depth development of SG, the number of
functional subjects and data scale of SG are increasing
rapidly. As the basis and link, PIoT will play a more
prominent role in the aspects of ubiquitous perception,
efficient processing of information, convenient and flexible
application, and so on. Consequently, this paper refers to
some standards such as the GB/T36468-2018 system eval-
uation index system of Internet of ,ings and GB/T37025-
2018 information security technology-security technical
requirements of data transmission for Internet of ,ings to
build an assessment framework of PIoT [27–29].

2.1. Technical Index. Since there are many types of terminals
in the links of transmission, transformation, and distribu-
tion and so on, such as data transfer unit, laser ranging
sensor, and smart meter, the operation and maintenance
efficiency of the equipment are reduced. It is particularly
important to implement scientific maintenance manage-
ment of the terminal. Moreover, the collection and analysis
of the massive data are realized through widely distributed
terminals, which can provide early warning of hidden

dangers to avoid failure of PG equipment. In the meantime,
different power services and power scenarios have diversi-
fied requirements for the QoS of PIoT, and some important
control services have strict requirements for QoS, such as
relay protection and dispatching control. ,us, we need to
measure the ability of PIoT’s QoS to meet application re-
quirements. Additionally, since the data collected by the
terminal contains user privacy and corporate information,
and its forms are complex and diverse, the security pro-
tection of the data should be taken seriously. Consequently,
the ability of PIoT is assessed to meet the requirements of the
power system from ubiquitous perception, applications’ QoS
guarantee, security protection, and maintenance
management.

,e maintenance management ability is used to assess
the stable operation level of the terminal. It can provide
prerequisites for achieving the ubiquitous perception of
PIoT. Additionally, the applications’ QoS guarantee obtains
massive data through the ubiquitous perception ability to
meet the diverse needs of the power system. Meanwhile,
security protection ability is used to assess the data security
during transmission and sharing, which can provide a basic
guarantee for data security.

2.1.1. Ubiquitous Perception Ability. ,e ability of a ubiq-
uitous perception is using widely deployed sensing devices to
obtain massive data. Hence, we intend to comprehensively
assess the ubiquitous perception ability from terminal de-
ployment coverage, rate of successful data collection, variety
of terminal perception frequency, accuracy of data collec-
tion, and diversity of sensing data.

By analyzing and processing of the data, the visibility of
the device status and management status in the SG can be
improved. Collecting data relies on terminal equipment.
Here, the terminal deployment coverage is used to measure
the coverage fraction of terminal in PIoT. Meanwhile,
aiming at the diversity and heterogeneity of perception data,
diversity of sensing data is used to measure the diversity of
massive data. Additionally, the variety of terminal percep-
tion frequency is used to measure the degree of intelligence
of the terminal setting perception frequency according to the
location, time, and situation. For the collection of massive
data, the rate of successful data collection is used to measure
the ability of PIoT successfully collecting perceptual data.
Meanwhile, accuracy of data collection is used to measure
the closeness between the collected data information and the
real data information.

2.1.2. Applications’ QoS Guarantee. PIoT is the basic in-
formation infrastructure of SG to meet the application re-
quirement of every link from power generation to
distribution. ,us, we intend to consider the applications’
QoS guarantee of PIoT from the ability of data sharing,
reliability for meeting application requirements, commu-
nication quality of service, and quality of data processing. It
can respond to the diverse needs in the power system of
massive data transmission, Internet of Everything, flexible
response, and extensive perception.
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Among them, the ability of data sharing can be used to
assess the ability of PIoTtomeet the requirements of massive
data transmission in the power system. Reliability for
meeting application requirements is used to measure the
ability of terminal in PIoT to always meet the application
requirements in SG. ,e flexible compatibility of PIoT is the
basis for realizing Internet of Everything in the power
system. Communication quality of service is used tomeasure
the communication effect of PIoT. For example, there are
many scenarios of cooperative control in the power system.
In these scenarios, power travels at the speed of light, and the
end-to-end delay is less than 10ms which can provide
support for the power system to respond flexibly to various
changes. Quality of data processing is used to measure the
degree which data processing technology meets application
requirement. For example, in recent years, the Edge TPU
chip developed by Google has the capability of massive data
processing and edge computing, which will improve the
extensive perception ability of the terminal.

2.1.3. Security Protection Ability. For SG, its core is the
application of massive data in power system. Hence, the
security and privacy of data are particularly important.
However, at present, the data interaction methods and
sharing behaviors between the entities of the PG lack se-
curity guarantee, which weaken the ability of data security
sharing and circulation in the entire PG. ,ere are some
security risks faced by PIoT, specifically the environmental
security of data, security protection of data, and preventing
the terminal from extreme disasters.

Firstly, the environmental security protection of data
includes user environmental security protection and
transmission environmental security protection. On the one
hand, user electricity consumption data are related to user
privacy. ,us, we need to ensure the privacy security of
different participants when we share the data. Based on this
situation, we use security and robustness to assess the se-
curity performance of the user environment. On the other
hand, the extensive perception also brings challenges to
communication security. Ensuring the integrity and confi-
dentiality of data during transmission is a core issue. Ac-
cordingly, the ability of anti-interference for communication
network is used to measure the security of the data trans-
mission environment. Secondly, in view of the security
protection of the data, we intend to use the ability of pre-
venting data leakage to assess the performances for anti-
attack and antitheft of the data. Finally, we also need to focus
on the issue of how PIoT can effectively defend against
extreme disasters. Since data collection relies on various
terminals, it is essential to ensure the normal operation of
device in extreme disaster situation. Consequently, the
ability of resisting natural is used to measure the defense
ability of PIoT in response to extreme disasters.

2.1.4. Maintenance Management Ability. ,e maintenance
management is manifested in the inspection, maintenance,
and upgrade of equipment during the operation of the power
system. It is the main link to ensure the safe and stable

operation of the SG. Consequently, the assessment for
management ability of operation and maintenance include
the degree of equipment maintenance automation, the
ability of precise equipment management, and the flexibility
of equipment delivery and configuration.

,e degree of equipment maintenance automation is
used to measure the automation degree of equipment
maintenance in the power system. Relying on the con-
struction of PIoT, the equipment maintenance in the power
system is more automated. For example, we use 5G tech-
nology to integrate real time and offline information on grid
feeders and users to realize the monitoring, protection, and
control of the equipment in power system. ,e ability of
precise equipment management is used to measure the
ability of PIoT manage equipment. ,e flexibility of
equipment delivery and configuration can measure the
ability of PIoT to provide different service functions
according to application scenarios.

2.2. Economic Index. If promoting the construction of PIoT
cannot create considerable economic benefits, the technical
breakthrough will be meaningless. ,is paper assesses the
economic benefits for the PIoT in integration with other
economic indexes such as cost and direct benefits.

All in all, the multidimensional assessment framework of
PIoT is shown in Table 1.

3. Designing Assessment Scheme and
Case Study

3.1. Using ACKOT to Design PIoT Assessment Scheme under
PDS

3.1.1. ACKOT and Application. ,e assessment framework
for PIoT in Section 1 is a universal assessment template. ,is
template can meet the requirement for the ability assessment
of PIoT in power generation, transformation, transmission,
and distribution. However, the core abilities of PIoT have
different focuses in different PSS. Since different PSS have
requirements of common and difference for the core abilities
of PIoT, the assessment framework should be personalized
according to specific scenarios. Hence, we use ACKOT to
reshape the assessment framework under different PSS. ,e
ACKOT aims to dig deeper into the requirement charac-
teristics of different PSS. ,e general assessment template
can be instantiated according to the requirements of PSS. In
this way, the index that can measure ability of PIoT to meet
the requirements of different PSS can be found.

Assessment template containing commonality and in-
dividuality are built for different PSS. Next, the assessment
template is applied to the diversified PSS, and an assessment
scheme is designed that is compatible with PIoT abil-
ities—PSS requirements. ,e scheme design process is
shown in Figure 1.

Compared with other PSS, the distribution network is
closely related to every user and device in every household.
Additionally, in the SG, the interdependence between the
distribution network and the communication network
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makes them inseparable. ,e distribution network provides
energy source for the communication network, and the
communication network provides information support for
the distribution network, which means they are mutualistic
symbiosis. Consequently, the SG in the 5G era will coruscate
more vitality and better promote the interconnection of
distribution network and communication network. ,ere-
after, the construction of a new type of power system is
accompanied by the access of a large number of new energy
sources with distributed and fragmented, which will pose a
greater challenge to the distribution network. Hence, we
need to build an assessment scheme of PIoT in the PDS to
provide a solid guarantee foundation for the reasonable
planning of the distribution network. ACKOT is used to
reshape the assessment framework of PIoT in PDS.

3.1.2. Designing the Assessment Scheme of PIoT under the
PDS. ,e starting point of the distribution network is
connected to transmission lines, and the end point is
connected to various power consumers. Hence, if the se-
curity and robustness of PIoT in the distribution network is
not improved, it will affect the power demand of end users.
For example, because of the malfunctions of the aggregation
node and the distribution box, the power supply ability of
the PG is affected, which will not be able to meet the power
demand of the end users. ,e power consumption infor-
mation of users is related to the power purchase privacy of
end users, and the accuracy of power consumption infor-
mation also affects the power dispatching planning of

distribution network. ,us, the ability of preventing data
leakage is used to measure the system’s ability to protect the
confidentiality and integrity of data information. Moreover,
extreme disasters will damage the terminal, which will affect
the data collection abilities of the PIoT, and make the PIoT
unable to meet the data requirements of the distribution
network. Hence, it is necessary to assess the ability of
resisting natural disasters of the terminal and strengthen the
deployment of disaster prevention facilities in the distri-
bution network.

In the above analysis, first, ACKOT is used to explore the
characteristics of the requirement for security protection
ability of PIoT in PDS. Next, indexes such as security and
robustness, ability of preventing data leakage, and ability of
resisting natural disasters are found in the assessment
framework. ,e following will continue to use this tech-
nology to explore the remaining requirement characteristics
of PIoT and reshape the assessment framework in PDS.

Smart meters are the most typical sensors in power
distribution systems. It can collect the user’s power con-
sumption data in real time to meet the basic needs of PG
companies for power dispatch. ,e higher the accuracy of
collection data, the higher the reference value for PG. Here,
we use the accuracy of data collection to measure the
similarity between collection data and real data. To prevent
accidents, the distribution station must monitor the oper-
ation of various equipment as well as collecting user elec-
tricity consumption data.,us, a huge amount of data needs
to be collected. ,e collection of massive data relies on the
extensive deployment of terminals. ,e terminal

Table 1: ,e multi-dimensional assessment framework of PIoT.

First-level index Second-level index ,ird-level index

Technical

Ubiquitous perception ability

Terminal deployment coverage
Rate of successful data collection

Accuracy of data collection
Variety of terminal perception frequency

Diversity of sensing data

Applications’ QoS guarantee

Ability of data sharing
Reliability for meeting application requirements

Communication quality of service
Quality of data processing

Security protection ability

Security and robustness
Ability of preventing data leakage

Ability of anti-interference for communication network
Ability of resisting natural disasters

Maintenance management ability
Degree of equipment maintenance automation
Degree of precise equipment management

Flexibility of equipment delivery and configuration

Economic

Cost Cost of construction
Cost of maintenance

Direct benefits
Saved investment of PG construction
Decreased cost of human resource
Saved cost of equipment operation

Indirect benefits
User satisfaction

Improved quality of power supply
,e level of line loss management in the same period

Comprehensive index
Payback period
Net present value

Annual cost
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deployment coverage is used tomeasure the coverage level of
the terminal. Different types of data are collected by the
terminal. For this reason, the diversity of sensing data and
the variety of terminal perception frequency are indis-
pensable indexes to measure the ubiquitous perception
ability of the distribution network.

To facilitate data sharing between users and the PG,
the distribution network should establish a data sharing
mechanism. Consequently, the ability of data sharing can
be used to assess the performance of the data sharing
mechanism in the distribution network. Reliability for
meeting application requirements is used to measure the
ability of the terminal to always meet the application
requirements of the distribution network, for example,
whether the signal and power of the wireless terminal can
meet the requirement for the collection and transmission
of electricity information. ,e deep coupling between the
distribution network and the communication network
makes the communication system of the PIoT very flexible
in the PDS. Here, the communication quality of service is
used to measure the communication ability of the ter-
minal. Meanwhile, using smart chips will improve the
terminal’s ability to process massive data. Quality of data

processing is used to measure the ability of terminal
processing data.

,e amount of data in the system needs to be transmitted,
stored, and processed rapidly if the number of perceived
terminals and users of the distribution network increases in
varying degrees. Consequently, the PIoT should have a certain
functional extensibility. Based on this, we should improve the
flexibility of equipment delivery and configuration to cope with
possible changes in work volume in the future. Relying on the
construction of PIoT, the management of the distribution
station is refined, which can improve the ability of precise
equipment management. Furthermore, we can improve the
automation level of distribution terminal with improving the
degree of equipment maintenance automation. ,e work ef-
ficiency of power distribution equipment will increase with the
enhancement of the automation level of distribution terminal.

,e improvement of the work efficiency of power dis-
tribution equipment can reduce the cost of construction and
labor input, which decreased the cost of human resource. ,e
function of the distribution station is to supply power to users
within the radiation range and share data with users. Users
can interact with the power distribution system in real time
through smart terminals in the station area. ,us, users can
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Figure 1: ,e instantiate generation scheme of the assessment framework by using ACKOT. ,e general assessment framework is in-
stantiated by using this generation scheme according to the requirement of different PDS.
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obtain more comprehensive data information according to
their own needs to improve user satisfaction. Furthermore,
with the rapid development of power industry and energy
industry, distributed power supply has become an indis-
pensable and useful supplement to the power supply of PG.
,e addition of distributed power sources to the distribution
network will greatly increase the complexity and uncertainty
of the investment in the construction of the distribution
system. ,us, reasonable capital planning and allocation is
very necessary. ,e payback period, annual costs, and net
present value can be used to assess the scientific planning and
precise investment of the distribution network.

In summary, the assessment scheme of PIoT in the PDS
is designed, as shown in Figure 2.

3.2. Comprehensive Assessment Model for PIoT Based on the
Collaboration of PCA and AHP. ,e assessment scheme
built in Section 2.1 has many dimensions. Hence, firstly, we
need to simplify the dimension of index before assessing the
efficiency of PIoT. Principal component analysis (PCA), as a
method to simplify data sets, is often used to reduce the
dimension of datasets [30]. Secondly, we need to assign
index weights according to the importance of each index.
Analytic hierarchy process (AHP) is to compare the im-
portance of indexes in pairs, which is more helpful to the
reasonable distribution of index weights [31].

In summary, an assessment model of PIoT based on the
collaboration of PCA and AHP is designed. ,e specific
process of the assessment model design is shown in Figure 3.
,e assessment process of PIoT is summarized as follows:

Step 1: referring to national standards, the PIoT as-
sessment framework is designed according to the
principles of index system construction
Step 2: we need to determine the normalization stan-
dard and normalize the original measured value
Step 3: using PCA to compute the secondary index
value

① Normalizing the three-level index.
② Computing the eigenvalues and eigenvectors of the

index covariance matrix.
③ Constructing the assessment function: we deter-

mine the number of the principal component by
setting the variance contribution rate threshold and
sorting the cumulative contribution rate or eigen-
values of the principal component. ,e expression
of the comprehensive assessment function is for-
mulated as follows:

f � α1F1 + α2F2 + α3F3 + · · · + αmFm. (1)

Here, F1, F2, . . . , Fm are the new principal com-
ponent, and α1, α2, . . . , αm are the weight of the new
principal component.

④ We can obtain the value of the second-level index if
the normalized value of each third-level index is
brought into the assessment function obtained in
Step 3, that is, f1, f2, . . . , fk.

Step 4: Computing the assessment value of the PIoT.
,e mathematical expression of the assessment model
of the PIoT is given as follows:

V1 � 􏽘
4

n�1
W1nV1n,

V2 � 􏽘
4

m�1
W2mV2m,

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(2)

C � W1V1 + W2V2. (3)

Here, V1 and V2 represent the value of technical index
and economic index, respectively, W11, W12, . . . , W1n

and W21, W22, . . . , W2m represent the weight of each
secondary index which belongs to the technical index
and economic index, respectively, V11, V12, . . . , V1n

and V21, V22, . . . , V2m represent the value of each
secondary index which belongs to the technical index
and economic index respectively, C represents the
assessment value of PIoT, W1 and W2 represent the
index weight of technical and economic, respectively.
Step 5: Determine the efficiency level of the PIoT.
When computing the assessment value of the PIoT, the
range of assessment value and weight is [0-1]. We can
determine the efficiency level of the PIoT by Table 2
after computing the assessment value.

3.3. Case Study. Beijing being one of the major cities to
promote electric vehicles (EVs), the impact of massive EV
access to the distribution network cannot be ignored. To
implement the national policy on the development of EV,
the Special Plan for Beijing Electric Vehicle Charging In-
frastructure (2016–2020) has been put forward in Beijing.
According to the plan, about six hundred thousand EVs will
be needed in the city by 2021, and about four hundred and
thirty-five thousand EV charging piles will be built. ,e
popularization of EV will bring unprecedented impact and
challenges to the distribution network. ,us, the assessment
of PIoT under the PDS in Beijing is particularly important.

Step 1. Computing the normalized value of the third-level
index.

We use charging piles to collect the original values of the
three-level index and convert them to [0-1]. ,e normalized
value of the index is shown in Table 3.

Step 2. Using PCA to compute the secondary index value.
First, we seek the opinions of many experts in the electric

power and communication fields anonymously. Next, the ex-
pert opinions are counted, processed, analyzed, and summa-
rized. Finally, conduct multiple rounds of consultation,
feedback, and adjustment of expert opinions.,e scoring results
of the experts on the three-level index are shown in Table 4.

,e PIoT assessment scheme in PDS is composed of 23
three-level indexes. Firstly, we treat these 23 indexes as 23
random variables, denoted as x1, x2, . . . , x23. Secondly, we
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use PCA to transform these 23-dimensional indexes into
linear combinations grouped by the secondary index.
,irdly, computing the eigenvalues and eigenvectors of the

corresponding index covariance matrix according to the
secondary index grouping, which can obtain the new
principal component and its weight. ,e new principal
component and its weight are shown in Table 5. Finally, we
get the value of the three-level index to compute the value of
the second-level index by formula (1). ,e value of the
secondary index is shown in Table 6.

Step 3. Computing the index weight based on AHP.
Using AHP to assign weight to index. ,e weight dis-

tribution results are shown in Table 7.

Step 4. Computing the assessment value of the PIoT.
First, combining the value and the weight of the sec-

ondary index in Tables 6 and 7, respectively, the value of the
technical index and economic index are calculated by using
formula (2). Next, combining the weight and the value of the
technical index and economic index, the assessment value of
the PIoT is calculated by using formula (3).

Step 5. Determining the efficiency level of the PIoT.
According to the computation in Step 4, the assessment

value of PIoT is 0.8687, which belongs to (0.8, 1). ,e as-
sessment level of the PIoT is excellent with reference to
Table 2, which further verifies the feasibility and effectiveness
of the assessment model.

Step 6. Analyzing the results of PIoT efficiency assessment.
Analyzing the assessment value of PIoT, we found that

the values of indirect benefits and comprehensive index are

Multi-dimensional assessment
scheme of PIoT in PDS
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Figure 2:,e assessment scheme of PIoTin PDS.,is assessment scheme can be used as a template for assessing PIoTrequirement ability in
PDS.

Building the assessment framework for the PIoT

Collecting the value of the three-level index 

Normalizing the value of the three-level index 

Using PCA to calculate the 
value of secondary index

Using AHP to calculate the 
index weight

Calculating the assessment value of PIoT

Start

End

Figure 3: ,e design process of the assessment model based on the
collaboration of PCA and AHP. ,is assessment model is used to
assess the efficiency of PIoT.

Table 2: ,e judgment level for the efficiency of PIoT.

Efficiency level Danger Poor Medium Good Excellent
Assessment value 0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1
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low as seen in Table 6. Due to the generalization of the
secondary index, it is impossible to give specific reference
suggestions for the improvement and optimization of the
PIoT. Consequently, we refine the result analysis to the

third-level index, such as user satisfaction and payback
period.

As one of the major cities that vigorously promote EV,
the penetration rate of EV is increasing year by year in an

Table 3: ,e normalizing value of the three-level index.

Secondary index ,ree-level index ,e value of three-level index

Ubiquitous perception ability

Terminal deployment coverage 0.89
Accuracy of data collection 0.86

Variety of terminal perception frequency 0.91
Diversity of sensing data 0.92

Applications’ QoS guarantee

Ability of data sharing 0.87
Reliability for meeting application requirements 0.88

Communication quality of service 0.94
Quality of data processing 0.90

Security protection ability
Security and robustness 0.90

Ability of preventing data leakage 0.92
Ability of resisting natural disasters 0.96

Maintenance management ability
Degree of equipment maintenance automation 0.91
Degree of precise equipment management 0.86

Flexibility of equipment delivery and configuration 0.85

Cost Cost of construction 0.84
Cost of maintenance 0.83

Direct benefits Decreased cost of human resource 0.82
Saved cost of equipment operation 0.88

Indirect benefits User satisfaction 0.85
Improved quality of power supply 0.86

Comprehensive index
Payback period 0.85
Net present value 0.87

Annual cost 0.91

Table 4: ,e scoring results of the experts on the three-level index.

,ree-level index Score 1 Score 2 Score 3 Score 4 Score 5 Score 6 Score 7 Score 8 Score 9 Score
10

Terminal deployment coverage, X1 8.8 9.0 8.6 9.1 8.7 8.8 8.6 8.7 8.9 9.0
Accuracy of data collection, X2 9.0 8.7 8.7 8.6 8.5 9.1 8.6 8.7 8.2 8.4
Variety of terminal perception frequency, X3 8.7 8.9 9.0 8.7 8.7 8.7 8.9 9.1 8.6 8.8
Diversity of sensing data, X4 8.9 8.7 8.9 8.3 8.5 9.0 8.4 8.5 9.1 8.7
Ability of data sharing, X5 8.4 8.6 8.7 8.5 9.0 8.7 8.6 8.8 8.5 9.0
Reliability for meeting application
requirements, X6

8.6 9.0 8.8 8.7 9.1 8.7 8.9 8.6 9.1 8.9

Communication quality of service, X7 9.1 9.3 8.7 8.9 7.7 8.7 8.4 8.6 9.0 8.5
Quality of data processing, X8 8.9 8.8 9.0 8.6 8.4 8.7 8.6 8.4 9.1 8.9
Security and robustness, X9 9.2 8.9 8.7 9.0 8.8 8.8 9.2 8.9 9.0 8.7
Ability of preventing data leakage, X10 8.9 8.7 9.1 8.6 8.7 9.0 8.7 8.8 8.6 8.4
Ability of resisting natural disasters, X11 9.0 8.8 8.7 8.9 9.2 9.1 8.8 9.0 9.2 8.7
Degree of equipment maintenance automation,
X12

8.4 9.0 8.6 8.4 8.3 8.3 8.4 8.7 8.4 8.4

Degree of precise equipment management, X13 8.7 8.6 8.3 8.9 8.9 8.7 8.6 8.4 8.5 8.7
Flexibility of equipment delivery and
configuration, X14

8.5 8.7 8.4 8.6 8.5 8.32 8.7 8.4 8.5 8.7

Cost of construction, X15 8.8 9.3 8.9 8.6 9.0 8.7 9.0 8.5 8.3 9.0
Cost of maintenance, X16 9.0 9.5 9.0 8.9 8.8 8.9 8.6 8.8 8.6 8.8
Decreased cost of human resource, X17 9.2 9.3 8.9 9.1 9.2 8.9 9.0 8.7 8.9 9.0
Saved cost of equipment operation, X18 8.8 8.8 9.0 9.1 9.0 8.6 8.8 9.0 8.7 8.6
User satisfaction, X19 9.1 9.1 9.0 9.0 8.7 8.8 8.9 8.7 9.2 9.0
Improved quality of power supply, X20 9.0 9.2 9.2 9.4 8.8 9.0 8.8 9.1 9.0 9.3
Payback period, X21 9.2 9.0 8.8 9.1 9.1 8.9 8.9 8.7 8.9 9.0
Net present value, X22 8.6 8.4 8.3 8.4 8.5 8.1 8.3 8.2 8.3 8.5
Annual cost, X23 8.5 8.6 8.4 8.5 8.7 8.2 8.4 8.4 8.5 8.6
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exponential manner. ,e access of large-scale EV has
brought profound changes to the scale and structure of the
distribution network. Among them, the problem of a sharp
increase in power load is more prominent. ,e insufficiency
of power supply during the peak load period will force users
to change their inherent power consumption habits, which
greatly affects user satisfaction. Meanwhile, because of the
disorderly charging of massive EV, it will cause the problem
of instability for the voltage and frequency in the distri-
bution network. It will not only affect the improved quality
of power supply of the distribution network but also further
increase the operating cost of the distribution network. ,e
increase in the operating cost of the distribution network will
indirectly affect its payback period and annual cost.

To address the above problems, we can combine demand
response strategies to rationally regulate the charging and
discharging behavior of EV. As a mobile energy storage
device, EV can be charged to absorb the excess wind and
light energy during the low load period. Meanwhile, EV can
alleviate the power supply pressure of the distribution
network by feeding power to the grid during peak load

periods. It can effectively avoid problems such as voltage
drops caused by insufficient power supply and further im-
prove the power supply quality of the distribution network.
Additionally, users can also reasonably arrange their own
charging and discharging behaviors through demand re-
sponse strategies to obtain corresponding benefits, which
greatly improves user satisfaction.

4. Optimization Analysis of the Assessment
Model Based on MLT

,e dimensionality of the instantiation assessment scheme
of PIoT in Section 2 is high, which causes the overlapping of
information among various indexes. Consequently, we as-
sess the efficiency of PIoT with increasing the workload of
data collection and processing, which is not conducive to
quickly and effectively assessing the efficiency of PIoT.

With the in-depth development of SG, data mining
techniques represented by machine learning will be widely
used in the field of PG. Among them, dimension reduction

Table 5: ,e weight of new principal components.

Secondary index New principal components Weight
Ubiquitous perception ability F1 0.80683

Applications’ QoS guarantee F2 0.60520
F3 0.32156

Security protection ability F4 0.84632

Maintenance management ability F5 0.572306
F6 0.30843

Cost F7 0.79049
Direct benefits F8 0.81023
Indirect benefits F9 0.82495
Comprehensive index F10 0.80791

Table 6: ,e value of secondary index by using PCA.

Secondary index Value
Ubiquitous perception ability 0.9154
Applications’ QoS guarantee 0.9512
Security protection ability 0.9397
Maintenance management ability 0.8991
Cost 0.8508
Direct benefits 0.7816
Indirect benefits 0.7007
Comprehensive index 0.6402

Table 7: ,e distribution result of index weight.

First-level index First-level index weight Secondary index Secondary index weight

Technical 0.67

Ubiquitous perception ability 0.27
Applications’ QoS guarantee 0.28
Security protection ability 0.19

Maintenance management ability 0.26

Economic 0.33

Cost 0.25
Direct benefits 0.3
Indirect benefits 0.29

Comprehensive index 0.16
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technology is used to extract the main features of data to
reduce the data dimension.

To address the above problems, this section will use MLT
to optimize the assessment model. We will use this tech-
nology to mine the core information in the assessment
scheme and remove the redundant information in the
massive index, which reduces the dimensionality of the
assessment scheme from high dimension to low dimension.
It can reduce the workload of index information collection
and processing with reducing the dimensionality of the
assessment scheme, which will improve the timeliness of
assessment.

We tried several machine learning methods such as
decision tree (DT), extra tree and AdaBoost to achieve di-
mensionality reduction, among which the effect of DT is
better. Compared with other machine learning methods, DT
has the following advantages: (1) it can deal with numerical
data and classified data. (2) It uses the white box model. (3)
,e reliability of the model can be verified by numerical
statistical tests. In summary, the DT model is selected for
classification training of sample data under the environment
of Python 3.8.1. Next, using classification accuracy to extract
certain features that play a key role in classification decision-
making. ,e optimization process of the assessment model
based on MLT is shown in Figure 4.

Here, the efficiency of PIoT under the PDS in Beijing is
assessed by the optimization process of the assessment
model.

Step 1: building a sample data set.
A sample data set of the distribution station in Beijing is
randomly selected, as shown in Table 8. ,e data set of
the experiment in this section consists 100 such data
set.
Step 2: optimizing the application of the assessment
model.
Using the DT to classify and train the data set, we can
get the index importance of value and ranking, as
shown in Figure 5. To make Figure 5 have a better
display effect, we use the item number in Table 8 as a
symbol for the index.
As shown in Figure 5, the importance values of the first
four indexes are relatively large, and the other indexes
are 0. Hence, we select the important values of these
four indexes as the index weight after dimensionality
reduction, as shown in Table 9.
,e dimensionality of the assessment model is reduced
by using DT, in which complexity of the algorithm is
O(nk log2 n) [32]. Here, n and k are the number of
samples in the training set and the dimensionality of
the data, respectively. In this simulation experiment,
n � 100, k � 23. Consequently, the complexity of the
proposed algorithm is O(2.3∗ 103log2100), with the
execution time of 1.61 s.
Step 3: Validating the optimization assessment model.
Using the DT model to classify and train the dimen-
sionality-reduced index, the classification accuracy rate

is 83%, which is the same as the 23-dimensional three-
level indexes in Section 3. ,at is, the dimensionality-
reduced indexes as a new data set can be used to assess
the efficiency of PIoT, which can verify the effectiveness
of the optimization assessment model.
,e performance comparison experiment of the al-
gorithm is designed. ,e comparison of the proposed
algorithm with the existing algorithm [33, 34] is shown
in Table 10. ,e results show that three algorithms can
achieve the dimensionality reduction of the assessment
scheme. Among them, the DT can reduce the assess-
ment scheme with 3-4 dimension with the classification
accuracy rate being 83%. ,e comprehensive perfor-
mance of the DT is the best by analyzing the results.
Step 4: Evaluating the efficiency of PIoT.
Combining the normalized values of the index in Ta-
ble 3 and the weight of the four indexes in Table 9 and
computing the assessment value of the PIoT by using
formula (3) is 0.88474. Comparing this value to Table 2,
we can get the efficiency level of PIoT as excellent. ,e
assessment result is the same as the assessment case in
Section 3, which verifies the correctness of the opti-
mization model. Furthermore, when evaluating PIoT,
using four indexes as a new data set to replace the
original 23 index, it improves the assessment efficiency
by 82.6%. It can verify the timeliness of the optimi-
zation model in this article.

start

Building a sample data set

Geting the index weight after dimensionality reduction

end

Collecting the value of the three-level index after dimensionality reduction

Normalizing the index value

Calculating the comprehensive assessment value

Estimating the efficiency of PIoT 

Using decision tree model to classify and train the data

Whether the accuracy of index classification
before and after optimization is the equal?

Yes

No

Figure 4: ,e optimization process of the assessment model based
on MLT. ,is model is used to reduce the dimensionality of the
PIoT assessment scheme, which can improve the timeliness of the
assessment.
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Table 9: ,e weight of the index after dimensionality reduction.

Index after dimensionality
reduction

Terminal deployment
coverage

Reliability for meeting
application requirements

Ability of preventing
data leakage

Degree of precise
equipment management

Weight 0.417 0.250 0.190 0.143

Table 8: A sample data of the distribution station in Beijing.

Second-level index
,ree-level index

,e value of three-level index
Item no. Item definition and meanings

Ubiquitous perception ability

1 Terminal deployment coverage 0.921321
2 Accuracy of data collection 0.976143
3 Variety of terminal perception frequency 0.952878
4 Diversity of sensing data 0.886099

Applications’ QoS guarantee

5 Ability of data sharing 0.874552
6 Reliability for meeting application requirements 0.911812
7 Communication quality of service 0.871818
8 Quality of data processing 0.942396

Security protection ability
9 Security and robustness 0.971341
10 Ability of preventing data leakage 0.925245
11 Ability of resisting natural disasters 0.967985

Maintenance management ability
12 Degree of equipment maintenance automation 0.953568
13 Degree of precise equipment management 0.978742
14 Flexibility of equipment delivery and configuration 0.979623

Cost 15 Cost of construction 0.954032
16 Cost of maintenance 0.887993

Direct benefits 17 Decreased cost of human resource 0.956793
18 Saved cost of equipment operation 0.866593

Indirect benefits 19 User satisfaction 0.921458
20 Improved quality of power supply 0.923697

Comprehensive index
21 Payback period 0.875962
22 Net present value 0.917689
23 Annual cost 0.915398
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Figure 5: ,e index importance ranking.
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To avoid random situations in the simulation process,
the model is used to conduct an assessment experiment on
1,000 communities with shared charging piles in Haidian
district, Beijing. ,e results of multiple simulation experi-
ments are summed and analyzed. Firstly, we use charging
piles to collect the data. Secondly, the collaborative assess-
ment model of PCA and AHP is used to assess the com-
munity. ,irdly, the optimization assessment model with
using MLT is used to assess the community. Finally, we
compare the level of these 1000 cells before and after op-
timization. Among them, 985 communities have the same
grade, and the other 15 communities have different degrees
before and after optimization. ,e difference is shown in the
following situation: the ranks of the 9 cells before optimi-
zation are excellent as well as after optimization are good.
,e grade of the 6 cells before optimization is medium as
well as that after optimization is good. In summary, the
accuracy rate of the optimization assessment model is 98.5%,
which verifies the accuracy of the model.

5. Conclusions

As the nerve ending of the SG, the PIoT will directly affect
the holographic perception capability of the SG. Conse-
quently, firstly, the assessment framework is designed to
provide an assessment template for the efficiency assessment
of PIoT. Secondly, the needs of different PSS have their own
focus. Since the distribution network is the backbone of the
power system, an assessment scheme covering the demand
characteristics of PDS has been constructed. Finally, we
build a collaborative assessment model of PCA and AHP to
assess the efficiency of PIoT. On this basis, MLT is used to
reduce the dimensionality of the assessment scheme, which
improves the timeliness of assessment.
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