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Abstract. The big data technology provides a new opportunity to the electric
power system in various fields. In view of the shortage in traditional power system
computing platform in computing, storage, information integration and analysis,
this article puts forward a platform of power system based on cloud computing.
Firstly, this paper outlines the development of power system can produce a large
amount of data, and cloud computing technology is widely used in big data
processing as a kind of new model, we can take chance of its application in power
system. This paper discusses the relationship between cloud computing, big data
and power system, and makes the conclusion that cloud computing technology
can meet the demand of mass data storage and computing power system. Then
we do research about the architecture, software technology of cloud platform
system in electric power system. Finally, the feasibility of the application and
development trend were discussed.

Keywords: Power system - Big data - Cloud computing

1 Introduction

With the development of long distance transmission system and the strength of inter-
connected power system, large scale power systems have covered a number of countries
continuously. The continuous expansion of power system and the complex structure is
becoming increasingly difficult in safety evaluation, economic operation and system
control. Electric power system will produce a large amount of data, the power system
dispatching center should have powerful computation ability and information collection,
integration and analysis capabilities in the future. The existing centralized power system
computing platform is hard to meet the requirements, and it has become one of the main
bottleneck of the realization of the smart grid.

Cloud computing is a new computing mode, and has gained rapid development in
recent years, it includes several new computing technologies. So far, for cloud
computing, there is no standard definition from authority. China’s cloud Computing
network cloud is defined as: cloud Computing is Distributed Computing, Parallel
Computing and the development of Grid Computing, Grid Computing, or the commer-
cial implementation of the concept of science. It is generally believed that cloud
computing represents a large scale of distributed computing model based on the Internet.
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Cloud computing platform firstly using the Internet to a variety of wide-area and heter-
ogeneous computing resources integration, in order to form an abstract and dynamically
extension of virtual computing resources pool; And then through the Internet to users
on demand provides computing power, storage capacity, software platform and appli-
cations, etc.

Through the establishment of power system, big data cloud computing platform can
effectively integrate existing computing resources system, providing powerful
computing and storage capacity to support a variety of analytical computing tasks. Cloud
computing can support a variety of heterogeneous computing resources, compared with
a centralized supercomputer, which can be highly scalable and can be easily upgraded
in the existing computing power is insufficient. In addition, compared with the traditional
computing model, cloud computing also has the ease of information integration and
analysis, to facilitate the development of software systems, maintenance. In short, the
establishment of the core system is calculated based on the power of cloud computing
platform that can effectively address some of the key challenges in computing power
system and information processing encountered in the future. This article will be defined
for the cloud, features, technology, architecture, in power system research and applica-
tion prospects and other issues were discussed in detail.

2 Big Data of Power System

Data generated by computing power system belongs to structured data, the main features
are

(1) Multi-type isomers
Different calculation software, different types of elements, different models of the
same elements, and the results of different types of data structures are quite different;

(2) The homogeneity of calculating data online and offline
Power System Simulation online data is usually calculated by putting the meas-
urement information together with offline data, similar to the data structure, which
has research data analysis on two kinds of data may be common;

(3) Diverse storage
Online data is typically stored centrally, updated regularly, and most of the offline
data are scattered in the staff’s personal computer;

(4) Huge volume
With the extensive use of smart grid scheduling technology support system
(D5000), online data to calculate the rapid accumulation of volume will be achieved
PB level [1]. While off-line calculation of the raw data is smaller, but huge volume
of data analysis and calculation results are produced. For example, the entire
network of 10,000 nodes grid bus get on short circuit current scanning, and calculate
the whole network voltage of each bus fault under way will produce nine months
results bus voltage 10, the data file reaches GB level [2].

As big data generated by power system has the main features above, we need a more
efficient big data processing.
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3 Power System Needs Big Data Cloud Computing Platform

Figure 1 briefly describes the relationship between power system, cloud computing, big
data: Electric power system produces a large amount of data and needs to use cloud
computing to save, processing and management the data; Cloud computing technology
provides tools and methods to the development of big data technology, meanwhile, the
latter provides application scenarios to the former, and both of them can share services
for electric power system.
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Fig. 1. Relationships among power system, big data and cloud computing technologies

Cloud computing can integrate intelligent power computing and storage resources,
and improve power system and interactive processing capacity, becoming a strong tech-
nical composition of grid; Big Data technology and services based on business needs,
rooted in the cloud computing; Cloud computing platform in power system can be
considered to be big data applications in abstract, so relationship is between the three
and they interact with each other [3].

The relationship between power systems, big data and cloud computing is a power
system products of different stages of development from the more deep-seated, and it
has heritage features.

Intelligent Power System is the result of information technology, computer tech-
nology, artificial intelligence technology in the traditional power system applications
precipitation, meeting the power system information, intelligence, clean high-level
operational and management needs, not only on the traditional grid inheritance, but also
to carry forward the traditional power grid, so its development must be synchronized
with the new technology. Forefront of cloud computing and big data technologies from
most computer and information technology is their stage of development and technical
application level that has a landmark new technology [4].

Cloud computing technology in the distributed storage technology and parallel
computing technology, satisfying the mass data storage and computing power system
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requirements, so power cloud is proposed soon after the cloud computing technology,
the concept of cloud computing technology application in power system is also shows
a tendency of flowers gradually, of which promoting the development of the power
system. Big data technology is not only the continuation of traditional data analysis and
mining technology, but also an inevitable product of the knowledge mining and business
application demand, so most of the applications of big data technology based on distrib-
uted storage and processing technology with the key technology of cloud computing. In
a sense, the development of the power of big data technology can be regarded as cloud
computing technology in power system and the implementation process of high-level
business requirements.

4 Cloud Platform for Processing Big Data in Power System

The power systems cloud computing platform is achieved by architecture and technol-
ogies, and is a complex entity composed by a variety of devices and users that connected
to each other through Internet component (see Fig. 2). Generally speaking, cloud
computing platform can be divided into two main parts, namely the control center and
a variety of computing resources integrated by cloud computing platform. The main
function of the control center in cloud computing is based on the user’s request, dividing
user’s computing tasks into several sub-tasks, and then dynamically assigning sub-tasks
by the Internet to the computing devices that integrated by cloud computing platform
[5]. After each sub-task is completed, its results will be re-aggregated to the control
center via the Internet, and finally back to the user.
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Fig. 2. Structure of cloud computing
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Cloud computing platforms and data acquisition are connected via Internet network
and a large number of sensors and other data collection devices. For power systems,
future data collection network not only includes traditional SCADA system sensor, but
also PMU and placement of smart meters in the end-user at home, or even a variety of
smart appliances embedded systems. These devices can provide a full range of system
information. In addition, the power system can also connect cloud computing platform
and other data sources, such as: regional meteorological database connected to each
other, to get the temperature, humidity, wind speed, sunshine and other data. The amount
of data generated by such a large-scale network collected would be amazing, it can be
stored and analyzed only by virtue of cloud computing platform’s computing power.
Taking into account a lot of power system analysis tasks on time-critical, you should
consider creating a dedicated high-performance network to connect to cloud computing
platforms and data collection network, to improve the reliability of data transmission [6].
Power Systems cloud computing system architecture platform as shown in Fig. 3.
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Fig. 3. System architecture of the cloud computing platform for power systems

From the system architecture point of view, cloud computing platform consists of
Web layer, load distribution layer, data management, calculation logic layer, physical
computing device layer and the physical storage device layer [7]. Wherein, Web layer
is responsible for implementing cloud computing platform, Web site that is the only
interface to the user to access the cloud computing platform.

Load distribution layer is the core component of cloud computing platforms. This
layer has four main functions: computing tasks of user will be divided into several parts,
and decided to enable what device for each task; the data to be stored is divided into
several parts, and determined the appropriate storage device; computing and integrating
results the logic layer returned, and then feedback it to the user; according to the read
data request, the data management layer reads data and then outputs it after integration.
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The four layers above consist of the software part of the cloud computing platform.
Physical computing device layer and the physical storage device layer represents all the
physical devices that make up the hardware part of the cloud computing platform [8].

The following discusses several important software technology can be used to

achieve cloud computing power system.
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@

An important feature of the service-oriented architecture of cloud computing is
online expansion and upgrades, which puts forward higher requirements of flexi-
bility for the software [9]. Service-oriented architecture is a rapidly growing soft-
ware design method in recent years. In the traditional design methods and software
to function or class as a basic function module to the application programming
interface (API) as a means of communication between different programs, SOA is
to serve as the basic functional modules. Compared with the function, service
representative higher-level application requirements (for example: to print the data
from the database and to read the report of the entire process can be abstracted into
a service, but to read the database is only a function). According to user needs, each
one of the main functions is packaged in the form of services by SOA, and each
service is independent, only by Extensible Markup Language to realize communi-
cation [10]. When any kind of function needs to be updated, you just need to replace
the corresponding services. In addition, SOA-based architecture can freely combine
a number of services to the rapid formation of a new system. For example: it can
package flow calculation as a service, so there is no need to do the task flow calcu-
lation, what should be done is to tide computing services and other related services
to by online combination. Visibly, SOA applications can greatly improve the flex-
ibility and software systems to upgrade the speed of development. Of course, raise
the level of abstraction of software generally at the expense of the efficiency of
communication. Summarize the history of software development methods, it
develops from process-oriented to object-oriented, and then to service-oriented.
Software development has trend to improve the level of abstraction overall, and
this is compatible with the software itself increasing complexity. With the contin-
uous development of power system, the function of power information system
growing, and structure of itself is increasingly complexity, which will bring diffi-
culties to developers who use traditional development methods. Therefore, raising
the level of abstraction of software is an inevitable trend. For communication effi-
ciency, you can define a service level of abstraction appropriate to strike a balance.
Dynamic load distribution

Load distribution algorithm is the core of cloud computing. Dynamic load distri-
bution has proven to be a class of more effective allocation algorithm for computing
tasks. The basic principle is to allocate computing tasks based on the calculation
speed of each device dynamically; computing device of greater speed is assigned
the bigger task, of which to ensure all computing devices simultaneously return
results. For large-scale cloud computing platform, you can also consider using the
job replication methods to improve reliability, it is about to copy a number of copies
of each sub-task, and distribute them to multiple computing devices to synchro-
nously processing, thus avoid slow the overall efficiency down by the occurrence
of a device failure that results in redistributing sub-tasks.
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In addition to the discussion above, there are still a variety of commercial or open
source software technologies can be used to cloud computing, such as GoogleMapRe-
duce, Google File System (GFS), Microsoft’s Dryad/DryadLINQ, and other open-
source distributed computing framework [12]. Considering the power system is an
important national infrastructure, we think open source software technology should be
the foundation to realize cloud computing platform in power system.

S Prospects

With the development of technology, electricity big data platform will be similar to
EMS, ERP and other systems, and becoming an “infrastructure” of planning, design,
operation and management for the power system in the near future. Perspective in all
areas of power system will change from current information and results to trends against
data traceability to the source of the problem. At the same time, it will comply with the
variation of the data, explore new trends, and find hidden in one of the next scene.

Cloud platform for big data processing power system, as a guarantee for validity of
the data processing, all the research we do need to have a solid theoretical foundation.
Thus, the research should from the discovery of phenomenon to the analysis of phenom-
enon to discovery of reasons behind it, and rise to the level of theory as far as possible,
which brings a new challenge for applying cloud computing technology to the applica-
tions.

In summary, the combination of power Big Data technologies and Cloud Computing
will be able to provide a new means of system analysis, perspective, and even methods.
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