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Abstract: Global-scale meteorological observations and scientific research development has brought
meteorological big data management and analysis bottlenecks. Aiming at this problem, this study focuses on
the organization and management of meteorological sensor network collected big data in cloud computing
environment based on the analysis of big data characteristics, application technology status and the main
features and application requirements of meteorclogical sensor network data. And a meteorological sensor
network big data organization and management framework based on the "storage-Calculation”
mtegrated cluster environment 1s proposed. Particularly and focuses on the meteorological sensor
network collected big data model in the cluster environment 1s put forward. The above framework and
data model are put mnto practice m the meteorological data management and service system of Zhejiang

province.
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INTRODUCTION

With the mcreasing prominence of the climate
change 1ssues, the scope, depth and accuracy of
meteorological observation and analysis are proposed
requirements,  which promote the rapid
development of meteorological  observations and
analysis techniques. The development of modern sensor

IewW

network technology has brought a dramatic increase in
meteorological data, but the traditional GIS technology
is difficult to achieve real-time access to this kind of
spatial information, fast processing and comprehensive
analysis and can not provide real-time, accurate and
relevant spatial information services for all levels of
users.

In recent years, followmg the cloud computing,
Internet of things, big data technology is becoming
another disruptive IT technology revolution. In the field
of computer technology, the issues of big data definition,
data characteristics and key technologies have become a
hot research spot. But, it needs to develop the methods
and technology system of massive spatial data for solving
computational problems of massive meteorological sensor
network data and similar information. The orgamzation
and menagement of big spatial data is an important part of
the whole system.

STATUS OF BIG DATA MANAGEMENT

In the background of "Internet of Things ", "mobile
Internet" and "cloud computing", the explosion of
information gradually creates a "big data” concept. May
2012, UNGP (2012) project "Global Pulse" release "Big
Data for Development: Challenges and Opportunities” to
promote digital data and innovation of fast data collection
and analysis methods. EOP, 2012b, In the "Big Data
Research and Development Inmitiative” of the Umted
States , the development and application of big data rose
from the previous business practices up to the national
strategic deployment, which greatly give impetus to the
development technologies and tools of the Big Data
(EOP, 201 2a).

Research results at home and abroad mamly take
advantage of distributed parallel computing to complete
the application of traditional data processing techmques
to large-scale distributed computing environments. These
parallel computing modes including library computing,
memory computing, data flow computing, distributed
programming model are used to achieve big data
computing for further improving the efficiency of data
processing and analysis (Xi et al., 2009). For example,
MapReduce 1s used to contract semantic data to reduce

storage costs and mmprove data access efficiency
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(Urbani et al., 2010). Scarlett (Ananthanarayanan et al.,
2011) and BlobSeer (Nicolae et al., 2010) to optimized the
data storage mode of MapReduce framework, scattered
hot spots as much as possible to avoid excessive
concentration of hot data storage which would affect the
efficiency of data access. Hadoop (Bu et al, 2010)
provides users with a simple mterface which 15 easy to
resolve complex jobs and run multi Job iterations.

Currently, big data related technologies can only be
seen as a technology demonstration and it is difficult to
address data management and the efficiency of data
processing in different enterprises. It 1s necessary to
establish their own technology systems for big data
management in different areas.

CHARACTERISTICS OF METEOROLOGICAL
SENSORNETWORK BIGDATA

Meteorological sensor network big data has the basic
characteristics of big data, what namely volume, variety,
velocity, value and complexity. In addition, it also has the
following special features.

Fist, the integration of multiple time scales.
Meteorological sensor network includes momtoring
station, meteorological radar, satellite and other sensing
monitors and these sensing monitors could be used to
monitor the same object from different spatial and
temporal levels. So, monitoring data have different
temporal characteristics. In addition, with the
development of computer technology and professional
analysis method, a variety of data products in different
time scales have been produced on the base of original
observation data. Because of these, users often need to
mtegrate data which have different time scales in data
application.

Second, continuous observation for a long time.
Meteorological sensor network data come from
continuous observation and simulation of meteorclogical
elements or phenomena n reality, therefore, thus data has
a natural feature. At the same tune, i order to meet the
needs of study and application of meteorological science,
we must meet the observation requirements in time length
and frequency.

Third, "effective life" of data 1s short. Traditional
data information is static and statistics information and
the "effective life" time is also long. For example, basic
terrain data often will not change much in a few years
or even longer. However, meteorological sensor
network data is accurate records of things’ state at the
time and represents the instantaneous state of things
m theory. With the development of observation
technology, the observation frequency of sensor 1s

higher and higher and the ‘"effective life" of
meteorological sensor data of is shorter and shorter.

METEOROLOGICAL SENSORNETWORK DATA
ORGANIZATION ANDMANAGEMENT

Data organization framework: In order to meet the
demand for real-time data services, data organization and
management needs to focus on resolving the problem
how to complete the process from data access to data
service il real time.

From the bottleneck of meteorological data
management and application existing can be seen, the key
to solve this problem is to realize mass meteorological
data real-time processing and importing. However, on the
conditions of the existing network and computer hardware
and software technology, single computer or master-slave
cluster have been unable to completely meet the needs of
existing massive meteorological sensor data management.
In order to maximize network and computing resources
rate, this study uses the "storage-Calculation” integrated
cluster environment as the basic environment and then
build the orgamzation and management framework of
meteorological sensor network data using the flexibility of
multiple nodes. The framework is shown in Fig. 1.

In the whole structure, data storage
model is the core and data storage mode will directly
affect the basic operating efficiency of data. The basic

framework
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Fig. 1. Framework of organization and management of
meteorological sensor network collected big data
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Table 1: Basic sensor data model classification

No.

TypeID

Characteristics of sensor position

Spatial characteristics of data

Typical example

4001
4002
4003

DP
DS
MP

Definite position (D)
Definite position ()
Mobile position (M)

Point (P)
Surface (8)
Point (P)

Observation station
Radar
Special monitoring

4004 MS Mobile position (M)

Surface (8) Satellite

Time
N Data
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Fig. 2: Conceptual data model
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Fig. 3: Logic data model

meteorological sensor network data storage model 1s a set
of data model which have been abstracted to represent
the typical meteorological sensor data types. This
classification is mainly based on the meteorclogical
sensor network mformation source classification rules
and meteorological sensor mformation spatial and
temporal characteristics classification rules. Different
types of data are stored in the corresponding basic
data model. Each basic data model contains meta
mnformation, data entity information and data indexing
information.

Data model: Data model s the core of meteorological
sensor data organization and management framework.
This study mainly focuses on the concept data model and
logic data model.

Conceptual data model: sensor type 1s one of the most
important factors of meteorclogical sensor data, which
often determines the main features of observation
elements. Therefore, meteorological sensor data could be
described in two aspects- data expression and sensor
expression.

As Fig. 2 shown, sensor and its observation data
could be described from time and space two
characteristics. Spatial characteristic of the semsor is
mainly reflected in the position information of sensor and
time characteristic is mainly embodied in the observation
methods. Spatial characteristic of data 1s mamly reflected
in the spatial range of data and time feature 1s mainly
reflected in effective time range of data. Therefore, a type
of meteorological sensor data could be described by a set
of points in the following four dimension space.

Because of the time characteristic of data determined
by the sensor observations, which was observation
frequency and most meteorological sensors using interval
observation methods, so, the basic meteorological sensor
data model can be divided into the following categories,
as Table 1 shown.

Logic data model: The logical data model is mainly
expressed abstract levels of meteorological sensor data
and the relationship between these levels, as Fig. 3
shown.

The data mstance was used to achieve data
orgamzation and indexing at application and service level
and different data sets were created under a data instance
for the management and indexing of basic data
classification. The data set contamned data set metadata
and sensor data and sensor data mainly included spatial
and temporal characteristics about sensor, which was
used to establish first level spatio-temporal index. Each
kind of sensor data has different orgamzation, storage
and management method, but 13 mainly composed of
second level data index and data storage unit and the
second level data index mainly contains temporal
characteristic mndex, data element category index and
storage location mdex. This study designs the data
storage unit structure and index methods for different
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Fig. 4: Metadata management and monitoring site distribution management
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Fig. 5: Sensor distribution and contour analysis result

types of data and constructs the meteorological
sensor data model on the basis of basic classification.

Different abstract levels of the logical data model
would be mmplemented in the cluster server and cluster
nodes respectively m the "storage-Calculation” integrated
cluster environment, considering the data storage,
computational and network efficiency and other factors.
The cluster server completes the orgamzation and
management of data instances, data sets, sensor
information and the first level index of data and nodes
mainly realizes the storage and management of data and
the second level index of data.

APPLICATION

The meteorological data management and
service system of Zhejiang province was built on the
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basis of the cloud GIS platform and this system
provide real-time, efficient management of all kinds
of meteorological sensor network data, online
data service and data analysis function for different
users.

The meteorological sensor network  data
organizing framework and data model were put
nto practise 1n this system and some professional
data service and related data analysis functions
were provided based on this, such as meta
information management, data  distribution
management, sensor distribution, sensor data analysis
and so on. Figure 4 show the meta mformation
management and data distribution management results
and Fig. 5 show sensor distribution and sensor data
analysis functions.
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CONCLUSION

This study puts forward a data organmization and
management framework of meteorological sensor network
big data in the "Storage-Calculation” integrated cluster
environment and focuses on the data model. Finally, this
framework and data model were mmplemented in the
meteorological data management and service system of
Zhejiang province. This system can satisfy the basic
meteorological data management requirements, quasi real
time data access and service and real-time online analysis
of 1 minutes frequency observation data, which means
this framework and data model can be used to solve
the big data management problem effectively and
provides good data service for real-time meteorological
analysis.
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