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Abstract. The smart grid (SG) is an intelligent evolution of the electricity
network that depends on highly reliable and secure connectivity between various
infrastructure components from utilities, in order to meet the requirements of
smart metering communication. Machine-to-machine (M2M) technology is
designed for automatic equipment when it exchanges data, which is suitable for
SG; Wireless communication is a main mode of M2M, and satellite commu-
nication provides support for the coverage of SG communication network. In
this paper, an overview of the satellite-based M2M service for the smart grid is
provided, and a case system is discussed with Beidou-based M2M service for
smart grid.
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1 Introduction

At present, the communication infrastructure of smart grid includes wired and wireless.
Wireline-based solutions have available and developing, but wireless communication
technologies will become increasingly important, especially in rural environments,
scenes that need long-distance communication. All of that can greatly benefit from
wireless or satellite-based system for the smart grid. Wireless automatic meter reading
is of particular interest to utilities for both urban and suburban environments [1].

M2M has been applied more and more in smart grid [2-5]. M2M communication
happens between machines, this practice often ignores direct manual intervention.
Smart grid provides conditions for devices that require large numbers of automated
operations.

Advanced Metering Infrastructure (AMI) is a significant component of the SG,
designed to be Demand Response-enabled [6], the two-way communication between
power companies and consumers enable consumers to monitor and adjust the use of
energy as well. Figure 1 shows a schematic diagram of typical AMI architecture, it
contains four components: Meter Database Management system (MDMS),
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Neighborhood Area Network (NAN), Wide Area Network (WAN), and Home Area
Network (HAN). Increasingly, companies are planning to launch intelligent metering
services by incorporating M2M devices in the meters.
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Fig. 1 Typical AMI architecture
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In our proposed model, we focus on a case study of the satellite-based M2M service
for smart grid: Beidou-based M2M service for the smart grid. Section 2 introduces the
development and application of the satellite-based M2M service; Sect. 3 discusses the
present situation of Beidou-based M2M service for smart grid, and our model.

2 The Satellite-Based M2M Service

The satellite-based M2M service provided connectivity over large areas. Since ter-
restrial networks may not service all locations on earth, satellite operators, low earth
orbit satellites such as Iridium, Mid orbit satellites such as Inmarsat, and Beidou offer
global connectivity services that can extend M2M communication to almost 100% of
the earth. Hence, the delivery of relatively small quantities of data in almost all cases is
supported by the satellite-based M2M service [1].
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Over the past decade, M2M communication through satellite communications,
especially with the development of satellite networks, have played an important role in
many fields. A typical application is the sensor network [8], M2M sensor devices are
grouped into clusters and communicate with satellite gateways. The characteristics of
M2M communication system are a large number of equipment, low data rate, and large
coverage area, which fits the demand of the smart grid. The satellite-based M2M service
in the smart grid is similar to the satellite-based M2M sensor network, and the smart
meter (concentrator) is grouped into clusters in the local and communicate with satellite
gateway. It is a workable scheme to collect electrical information from the Beidou short
message. At the end of 2012, the system was formally put into operation in the three
functions in the Asia Pacific region, including Navigation and Position, Time Giving,
and Short Message. The Beidou satellite communication system has a wide range of
coverage, no communication blind district and enciphering of message [7].

Therefore, we take the application of M2M service in smart grid based on Beidou
satellite as a case.

3 Case: The Beidou-Based M2M Service

3.1 Demands for SG and Characteristics of BD

Beidou satellite communication has its limitations, so it needs to be perfect for the
relevant measures to meet the needs of smart grid. The characteristics of Beidou
(BD) satellite communication and the demand for smart grid communication are shown
in Table 1.

Table 1 Demands for SG and characteristics of BD

Demand for SG Characteristics of BD
Two-way channels Yes Yes
Widespread coverage Yes Yes
Adequate quality of service | Yes No
Scalability Yes Yes
Confidentiality Yes Yes
Channel capacity More than 100(Almost) 78 (civil)
Response time Less than 20 s 60 s (civil)
Communication protocol The Power Communication Protocol | Beidou 4.0 Protocol

From the table, Beidou satellite communication system cannot meet all the needs of
smart grid communication, we need to make some changes.
3.2 System Architecture

We need to make some improvements when Beidou satellite communication is added
to WAN in the AMI system. As seen in Fig. 2, the addition of a gateway between
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MDMS and WAN, between WAN and NAN, can ensure that the original network can
be changed as little as possible, and solve the existing problems properly. The ARQ
coding scheme can be used to solve the problem that the Beidou satellite communi-
cation cannot guarantee reliable transmission in the transmission of power data into the
communication network; The long message segmentation method can be used for the
problem of the lack of the capacity of the Beidou satellite communication, it breaks
data into packets in this end and combines incoming message into a single message in
other end; On the response speed problem, we use gateway to response the end, the
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new response strategy is specified between the gateway, the gateway converts the
protocol as well.

But even so, the time needed to send a longer message is still too long, so the longer
message can be compressed first, such as LZ77, which can reduce the length of the
message to be sent, which will reduce the time cost.

The gateway structure is shown in Fig. 3. The physical layer provides physical
access for connection; the operating system loads the related drivers, following the
corresponding protocol; encoding (long message enhancement, ARQ coding, LZ77
coding, etc.) and protocol conversion happen in the application layer.

4 Conclusion

We summarize the effect of M2M and satellite communication in smart grid, which is
demand-focused communication network. The satellite-based M2M service has a good
prospect in many fields. More and more studies have begun to be attempted in smart
grid for characteristics of this system. The Beidou satellite communication is running
well in the Asia Pacific region and has been widely used. Therefore, the Beidou-based
M2M service is taken as a case to solve the problems, which exists in the fusion
process of the satellite-based M2M service for smart grid.
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