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ABSTRACT 

The dramatic increase in power quality problems among 

electricity providers and users has spurred the growing 

popularity of power quality monitoring systems (PQMS). 

As more and more power quality monitoring devices have 

been accessed, the existing large-scale PQMS is facing 

the problem of data storage and running speed. 

Therefore, a fundamentally new design of smart  power 

quality data management system is required to deal with 

the short in storage resources in this big data era. This 

paper proposes a novel design of private cloud based 

smart data management system for power quality 

monitoring and apply this technique on the PQMS of 

Shanghai grid. As an on demand configurable pool of 

shared computing resources, a private cloud is the 

implementation of cloud service on the private resources 

of the system owner, from which the system can benefit 

regarding self-service quality, security and flexibility . 

INTRODUCTION 

Along with  the rapid  growth of s mart  grid, the power 

quality monitoring system (PQMS) becomes more and 

more popular for utilities to control local power quality 

status. Unlike tradit ional control and monitoring systems 

of power grid, such as SCADA (supervisory control and 

data acquisition) systems, a PQMS needs to collect and 

store far more data. In addition, along with the expanding 

system scale, the huge amount of power quality data 

needs to be fully utilized instead of being waste to occupy 

the disk space [1]. A fundamentally new type of PQMS 

which can handle mass power quality data is thus 

required [2]. 

Because the traditional informat ion infrastructure is 

limited to expand horizontally to process and store the 

rapidly increasing amount of power quality data, this 

paper involves a private cloud technology to reconstruct 

the data storage centre of PQMS. This technique is 

successfully applied on the PQMS of Shanghai grid, 

which achieves great improvement in saving hard spaces 

for power quality data storage and management. 

PROBLEM FORMULATION 

As the largest urban PQMS in China, Shanghai PQMS 

(SPQMS) has been operating for 6 years, suffering from 

the problem of low running speed and insufficient server 

spaces [3]. Prev iously, it just occupies 10% CPU resource, 

where 50% data are well utilized  from a round robin  

strategy, leading to  the change in data storage and 

management. 

At present, the control center of PQMS becomes more 

and more complicated: the amount of monitoring 

terminal is increasing; the old  servers need to be updated; 

the new servers need to be increased, the power supply 

and the space of computer rooms are limited [4]. In the 

future, the customized  service on power quality requires 

more multimedia services based on a large number of 

application and data storage servers. This change needs 

hundreds of servers based on the existing hardware 

architecture, which means a huge consumption of power, 

space and manpower Because of the concise approach to 

digitalize the current servers, the private cloud is 

introduced as the key technology to solve this bottleneck 

for the further development of PQMS. 

In this paper, we propose a smart data management  

system based on a private cloud technique on top of our 

SPQMS. By applying our proposed system, the current 

SPQMS is upgraded to a cloud platform with mult i-

service functions. The hardware resources are optimally  

scheduled to provide higher quality of service for power 

quality monitoring, causing the following four benefits: 

a). the new system saves server spaces and hence reduces 

the investment for data management; b). the private cloud 

ensures the security of power quality data from the 

outside attack; c). the running speed of the new system is 

significantly increased by the dynamic scheduling; d). the 

data backup mode is enhanced by mutual storing data 

from v irtual machines to virtual machines. 

PRIVATE CLOUD FOR PQMS 

The private cloud is a feasible method to solve the 

existing PQMS resource limitations and the future 

informat ion system resource bottlenecks. The private 

cloud provides hardware and software a running 

environment to collect, store and analyze power quality 

data by ensuring the security, reliability and expansibility 

[5].  The private cloud is a key step in the informat ion 

system construction [6]. As the scale of PQMS increases, 

the effective control o f security and quality becomes 

more important. Moreover, the backup recovery and 

extended deployment provided by private cloud play a 

significant role in the supporting service. 

Cloud 

First of all, there are two  defin itions in  the private 

cloud: 

a). Private Cloud 

A private cloud builds the cloud behind a firewall, 

sharing resources in the data centre by a private approach. 
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A private cloud owns the infrastructure which completely  

runs for a specific organization. The administrator might 

be the organization itself or a third party. 

b). Virtual Private Cloud (VPC) 

VPC is a private cloud in a shared or public cloud, i.e., 

a kind of inter-cloud, which is connected by VPN. 

Customized Private Cloud for Power Quality 

The customized private cloud is built behind the 

firewall of the PQMS, providing  security, quality and 

effective control of data. Any application deployed on 

this infrastructure can be easily controlled by providing 

an important platform for external services. The complete  

cloud platform provides two convenient services: 

Infrastructure as a Service (IaaS): IaaS provides 

services by allowing customers using infrastructure 

resources (computation, network and storage); 

Platform-as-a-Service  (PaaS): PaaS ach ieves the same 

goal by providing a complete applicat ion platform. 

The full-set private cloud system includes complete 

services of computing, storage and applications. This 

rapidly deployable and transferable system contains all 

functions of IaaS and PaaS, greatly  improving the 

efficiency of power quality services. 

PRIVATE CLOUD BASED SMART DATA 

MANAGEMENT SYSTEM  

This paper builds a smart data management system for 

SPQMS based on Virtualizat ion Technology (VT). Th is 

private cloud based system occupies 4 hyper virtual 

(Hyper-V) platforms as a monolithic resource database. 

Architecture 

Our proposed data management system is built on a 

private cloud which stores and computes over IaaS and 

PaaS for power quality monitoring via a virtual plat form 

instead of the traditional information system architecture. 

Shown in figure 1, we use high-performance blade 

servers to replace the traditional servers with the 

optimized storage systems as well as the high speed 

transmission networks to fu lly  ensure the perfect 

acquisition of power quality data. The Hyper-V plat form 

is designed upon this hardware architecture to transition 

the power quality service smoothly, ensuring that the 

system is able to carry out the maintenance and 

upgrading work without being shut down. 

The blade servers are used to ensure the high 

scalability for future requirements, while mass storage 

devices are used to improve capacity and security. The 

optical switches and fiber-Ethernet are used to ensure 

transmission quality fo r the network architecture, 

significantly improving data transmission speed among 

software devices, core components and individual virtual 

platforms. 

 
Fig.1 The private cloud based smart power quality 

data management system 

 

Virtual Platform Software System 

Hyper-V is a technology based on hypervisors, using 

microkernel architecture, which meets both security and 

performance requirements . The hypervisor at the bottom 

of a Hyper-V host server runs at the highest level. This 

architecture has no need for complicated binary  

privileged instruction translation technology, further 

improving security. 

Without third-party drivers, the hypervisor codes at the 

bottom of Hyper-V host servers result in higher security. 

A Hyper-V host server uses high speed memory bus , and 

thus requests from virtual machines can be directly sent 

to the root partitions, shown in figure 2. Comparing with 

previous virtual machines, this architecture has higher 

efficiency, because not every request needs to frequently 

transfer through switching between user mode and kernel 

mode. 

 

 Fig.2 The architecture of virtual platform  
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Physical Layer  

Since VT technology is needed to build  up our system, 

the physical configuration of servers tends to be 

multithreading, mult icore CPU, stable polyphase power 

supplying memory system and extendib le applications. 

The number of processor cores and the clock speed are 

key factors for performance. The clock determines the 

number of virtual machines that one Hyper-V host server 

can support as well as the operating speed of a v irtual 

machine system. The infrastructure also affects the cache 

type and capacity of processors  

The storage system directly affects the performance of 

Hyper-V host servers and virtual machines, of which the 

overall performance is usually measured in maximize 

throughout, delay and the max number of input-output 

operation per second (IOPS). Among these parameters, 

IOPS and delay are the most important factors for server 

virtualizat ion. Therefore, our system uses high-speed, 

low-delay and high-IOPS disk arrays. Because Hyper-V 

host servers need to operate and store data from mult iple  

virtual machines, the storage system deploys redundant 

array of independent disks (Raid) to ensure data 

availability after disk failu re. 

The Hyper-V host server supports three different  

methods to access a particular disk or storage arrays : 

direct attached storage, iSCSI storage area network and 

fiber channel storage area network. We use fiber channel 

storage area network to provide higher-speed and lower-

delay access so that the Hyper-V host server connects to a 

fiber switch through host bus adapters. 

Private Cloud Control 

   The p rivate cloud manages all virtual machines on the 

cloud platform by installing an important component, 

which is called System Center Virtual Machine Manager 

(SCVMM). With SCVMM, the admin istrator is able to 

configure and manage v irtualization environments , 

including host servers, networks and storage resources. 

Missions, such as consolidating and converting of 

physical servers and virtual machines, can be completed 

by using only one central control board. As an important 

central control system in this project, SCVMM mainly  

focuses on private clouds, which can be established and 

authorized to users. In th is way, users can utilize the self-

service tool to deploy their own virtual machines, 

including Hyper-V clusters establishment and enhanced 

power management functions. However, the installat ion 

of SCVMM needs an overall p lanning upon the network 

and domain environment renovation.  

Transition from the Existing System 

The transition operation is always a big  challenge for a  

PQMS, dependent on the support of each power quality 

monitoring device manufacturer. For a long time, the 

control system of SPQMS utilizes up to 20 servers. Each 

of these servers runs only one program from its own 

manufacturer to gather power quality data. In this way, 

most of manufacturers only install onekind of software on 

one server to avoid performance risks , leading to 

significantly waste of resources. We find that most 

servers only occupy less than 2% CPU resource and 10% 

memory in the non-rotation mode, while the utilizat ion 

rate is up to 30% in the rotation mode. If an old server 

crashes, it needs to reinstall all kinds of basic 

environment and professional software again. During this 

transition period, we have no choice but to stop receiv ing 

power quality data.  

To deal with this problem, we introduce a Virtual 

Machine Manager (VMM) in a v irtual data center of our 

proposed system, shown in  figure 3. VMM is able to 

configure and admin ister virtual host servers, networks 

and storage resources. Via establishing virtual machines 

and services, VMM deploy servers on the private cloud. 

By providing a guide based on quests, VMM is able to 

automatically perform most of the simplified transition 

processes. 

 
Fig.3 Transition from the existing system by VMM 

 

Scheduled Backup 

The existing host system utilizes traditional recovery  

approaches by using other servers for backup. If one 

backup server is crashed or facing some other problems, 

the system has to rebuild  the software configuration and 

all the basic system environments. Since some of these 

problems can only be solved manually by manufacturers, 

this backup process need at least 1 hour on average in  the 

optimistic situation. However, if the problem is hard to 

deal with or the manufacturer is not able to remotely  

provide support, such backup operation would cost a 

unpredictable long time, leading to the disaster of losing 

power quality data. On the other hand, with the technical 

upgrade each year, our SPQMS needs new functions to 

support higher requirements on operating continuity and 

reliability  via backup recovery mode. With the powerful 

fault-tolerant process, robust backup and rapid recovery 

functions of the virtual power quality platform, a server 

can recover from a crash in  about 5 minutes or even 

shorter. 

The traditional recovery mode uses snapshot to build a 

restore point at a fixed time, with a configurable  

automatic frequency. In this way, the system restores the 

fault virtual machines to the status when taking the last 
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“photo”, preventing system failu re caused by operation. 

On contrary, our system has an enhanced backup 

recovery mode, where servers with a great amount of data 

such as database can use VM-to-VM hot standby. Via 

this approach, the system uses two virtual machines to 

backup data of each other, shown in  figure 4. When the 

primary database encounters problems , the system 

automatically switches to another server to achieve 

double insurance for snapshot and machine.  

 
Fig.4 Scheduled backup  

 

Resource Allocation 

Our private cloud platform tends to optimize the server 

occupation rate by reasonably combining server resources.  

 In the previous SPQMS, only  a small amount of software 

is operating on the servers, some of which are just used as 

backups. Thus, the system can actually load three or five 

virtual instances after reaching its full potential. 

Server virtualizat ion is able to fully utilize the existing 

server resources, not only reducing the cost of servers 

purchase, but also integrating applications effect ively. 

With our private cloud, SPQMS can t ransit data without 

stopping servers by dynamically allocate resources within  

different physical servers. Hence the system avoids the 

hardware service stoppage due to scheduled maintenance. 

When the virtual machine cannot obtain enough hardware 

resources from physical server, the system will 

automatically find unused physical servers with enough 

resources to transfer data online. After virtualization, 

some previous difficult p roblems, such as quick 

deployment and maintenance, are then easily solved. 

CONCLUSIONS 

In this paper, a  private cloud based smart data 

management system for power quality monitoring is 

proposed to deal with current big power quality data. This 

technology is applied on the power quality monitoring 

system of Shanghai grid, proved to be robust, secured, 

effective and resource-saving. By utilizing private cloud 

technique, the new system is able to transition data from 

the existing system s moothly as well as perfect schedule 

backup.  
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