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ABSTRACT

Remote sensing data acquisition is one of the most essential processes in the field of Earth
observation. However, traditional methods to acquire data do not satisfy the requirements of
current applications because large-scale data processing is required. To address this issue, this
paper proposes a data acquisition framework that carries out remote sensing metadata
planning and then realizes the online acquisition of large amounts of data. Firstly, this paper
establishes a unified metadata cataloging model and realizes the catalog of metadata in a local
database. Secondly, a coverage calculation model is presented, which can show users the data
coverage information in a selected geographical region under the data requirements of
a specific application. Finally, according to the data retrieval results and the coverage calcula-
tion, a machine-to-machine interface is provided to acquire target remote sensing data.
Experiments were conducted to verify the availability and practicality of the proposed frame-
work, and the results show the strengths and powerful capabilities of our framework by
overcoming deficiencies in traditional methods. It also achieved the online automatic acquisi-
tion of large-scale heterogeneous remote sensing data, which can provide guidance for remote
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sensing data acquisition strategies.

1. Introduction

With the rapid development of remote sensing and
computer technology, the field of Earth observation
has entered the big data era, along with a growing
number of data types and increasing data amounts;
thus, massive amounts of spatial data have been gen-
erated (Guo et al. 2016; He et al. 2015; Nativi et al.
2015; Huang and Wang 2020). Remote sensing tech-
nology plays significant roles in many fields as an
important method for providing spatial information
(Yan et al. 2019; Tuia, Mufioz-Mari, and Camps-Valls
2012), and the remote sensing data that covers
a specific area can be utilized in many critical applica-
tions, such as resource investigation in agriculture and
forestry (Seelan et al. 2003; Boyd and Danson 2005),
environmental monitoring and assessment (Chen
et al. 2013), and military position recognition (Xu
et al. 2014). Therefore, these data are of great signifi-
cance to both regional and global research. In the
specific application scenario, how to filter data rapidly
and acquire appropriate data from large-scale remote
sensing data are issues that must be solved rapidly.
Scientific data are one of the national basic strategic
resources and have great value for application and
research (Weber, Bremer, and Pascucci 2007;
Bordogna, Capelli, Ciriello, and Psaila 2018).
Strengthening and standardizing the management of
scientific data and promoting data sharing can provide

support for national science and technology, economic
development and national safety (Zuo and Chen 2013;
Cragin et al. 2010). As the basic part of scientific research,
the method used for acquiring data can restrict the
research progress. In addition, data acquisition and
aggregation are the premises of data sharing (Li et al.
2016). Thus, choosing an appropriate data acquisition
method is important to ensure the successful completion
of the research. As an important component of scientific
data, remote sensing data can be applied to relevant
research on the surface environment, providing geo-
graphic information and scientific guidelines for applica-
tions, such as natural disaster prevention and mitigation
(Sambah and Miura 2016), environmental protection
(Foody 2003) and decision support (Chen et al. 2020).
Therefore, regardless of national strategies or scientific
research, realizing the rapid acquisition of remote sen-
sing data has immense theoretical and realistic signifi-
cances (Gu et al. 2016; Li et al. 2019).

Generally speaking, remote sensing data consist of
unstructured image entity data and structured meta-
data (Wang et al. 2015). Owing to the characteristics of
massive spatial data in the big data era (Lu et al. 2011),
realizing all entity data aggregation is limited by a few
factors including the access method, storage space,
labor cost, etc. In addition, some data are not of
great research value due to their low imaging quality.
For example, cloud cover is an important factor that is
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usually considered when selecting remote sensing data
for specific applications. However, if the region of
interest is covered with clouds, the information
obtained from optical remote sensing data is very
constrained, and microwave data would be a better
choice as it has strong ability to penetrate clouds. In
this circumstance, if we only acquire the metadata,
then entity data acquisition could be accomplished
based on the practical application requirement using
the public network protocol that the data centers fol-
low, then this method is relatively feasible, which not
only saves a considerable amount of physical storage
space but also stores target remote sensing entity data.
Even more importantly, target data acquisition is rea-
lized. Managing data resources through metadata is
the most commonly used data management mode at
present (Li and Huang 2017). Consequently, establish-
ing a unified metadata cataloging model to manage
remote sensing data scientifically and efficiently is very
important.

Remote sensing data is mainly distributed through
satellite data center websites and data sharing plat-
forms. However, although these methods can provide
data retrieval and downloadable services, one question
that none of these platforms can answer is how much
the data cover the specific area. Under this condition,
users can only search single data source, and are not
aware of the overall data coverage of multiple data
sources in a given geographical region, so it is more
likely to result in the omission of high-quality remote
sensing data. Here, data coverage is obtained by cal-
culating the scene boundaries. Hence, there is an
urgent need to establish a calculation model of data
coverage, which calculates the total spatial range of the
filtered data, where the coverage information can be
presented in an intuitive way, and the target remote
sensing data can be obtained.

For global change research, particularly the long
time series dynamic change monitoring of forest
biomass (Powell et al. 2010), vegetation cover
(Yang, Weisberg, and Bristow 2012), cryosphere
parameters (Nie et al. 2017), etc., a single type of
remote sensing image data makes it difficult to
meet application demands due to the regular revisit
cycle and swath constraint that limits the width of
image. In such a situation, large-scale data with
various satellite platforms, time and resolutions
should be combined and processed to achieve bet-
ter temporal and spatial coverage (Dangermond
and Goodchild 2020). However, at present, these
data are always acquired from different data center
websites, and the data acquisition process becomes
inconvenient and complicated. Realizing the retrie-
val and acquisition of diverse types of remote sen-
sing data on the same platform is gradually
becoming the focus of concern. Furthermore,

when acquiring the target remote sensing entity
data of the study area, the traditional method is
to use browsers, by adding the data to the shopping
cart and creating an order (Zhang, Li, and Yu
2016). This method is more applicable for acquir-
ing small batch data, which needs a specially
assigned person to frequently check whether the
data transmission is complete and then start
a new mission. When obtaining large amounts of
data, the above method is time-consuming and
inefficient; therefore, realizing the automation of
large-scale data acquisition is a better method that
requires few human interventions.

The primary focus of this study is to facilitate the
acquisition process of large-scale target remote sen-
sing data; therefore, a framework is introduced.
Firstly, a metadata cataloging model is established
and the metadata can be obtained in local database;
Secondly, a coverage calculation model is built, which
can calculate the data coverage in a given area under
the specific data requirement; Finally, a machine-to-
machine interface is developed to realize the online
acquisition of remote sensing data based on the public
network protocol, which is more convenient and can
reduce labor costs. The experimental results prove that
the proposed framework can automatically acquire
relevant remote sensing data online, which can pro-
vide guidance for data acquisition strategies and pro-
mote data service.

The remainder of this paper is organized as follows:
Section 2 describes the background of the research
including the metadata model, data coverage and
data acquisition methods. Section 3 elaborates on the
main contents of the proposed framework. Section 4
presents the experiments conducted and the results.
Section 5 concludes and discusses the paper.

2. Background

2.1. Metadata model and management of spatial
data

In the Earth observation domain, metadata is the
descriptive information about the data, and research
on building metadata model has always been an essen-
tial part. The International Organization for
Standardization (ISO) Technical Committee 211 (TC
211), the Federal Geographic Data Committee
(FGDC) and other communities have set up working
groups to develop geospatial metadata standards, and
typical metadata standards include the ISO 19115 geo-
graphical information metadata standard (ISO/TC211
2014, 2019), the Content Standard for Digital
Geospatial Metadata (CSDGM) (NASA 2002) and
the SpatioTemporal Asset Catalogs (STAC) (STAC-
community 2019).



e ISO 19115. Developed by ISO/TC 211, this stan-
dard defines metadata elements, their properties
and the relationships between elements. It is
expressed in the Unified Modeling Language
(UML).

e CSDGM. Developed by FGDC, this standard
provides a common set of terminology and defi-
nitions for digital geospatial data to support their
collection and processing. It is organized in
a hierarchy of data elements and compound
elements.

e STAC. Supported by a community of developers,
this standard provides a common language to
describe geospatial assets. It consists of four spe-
cifications: STAC Item, STAC Catalog, STAC
Collection and STAC APIL.

Based on mainstream metadata standards, research-
ers have built different metadata models depending on
different application scenarios. Di, Shao, and Kang
(2013) recorded provenance information in a web ser-
vice workflow environment based on ISO 19115. Morsy
et al. (2017) extended Dublin Core metadata and
designed a general metadata framework to improve
the sharing and reuse of environmental models. Diao
et al. (2013) extended geological metadata standards to
solve the problem of multi-source spatial data exchange.

For using metadata to manage spatial data resources,
at present, the popular approach is to combine the file
system with a traditional database (Innerebner et al.
2017). Under this condition, the database is used to
store spatial metadata information. There are three
main ways to manage spatial data with database using
metadata. The first uses a detailed metadata informa-
tion table that includes all the descriptive information
about the spatial data, such as satellite identifier, sensor
identifier, imaging time and spatial coordinates.
The second uses the statistical metadata table, which
contains the quantity information of the spatial data.
For example, according to different fields, such as year,
coverage region or cloud, spatial data can be classified
into several groups, and then the number of data in
various groups can be counted and stored in the statis-
tical metadata table. With the statistical metadata table,
the data manager can better grasp the existing data,
which is beneficial to data management. The last uses
the core metadata table, which includes the relatively
important fields of the data source and is usually applied
in application scenarios, such as data exchange and data
archiving. This table must be a subset of the detailed
metadata table, that is, the field number of this table
must be less than or equal to that of the latter table.

The key to this research is to build an appropriate
metadata cataloging model that can realize the unified
management and retrieval of remote sensing data and
then provide a convenient method to acquire the
image entity data.
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2.2. Data coverage

Current research on spatial data coverage places the
greatest emphasis on data application, which mainly
utilizes remote sensing images to study the features
that are contained in a selected region. For example,
Mu et al. (2018), Zhang, Zhang, and Zhang (2018) and
A et al. (2017) extracted and estimated vegetation
coverage, and analyzed the temporal and spatial char-
acteristics in their study areas using remote sensing
data. Helber et al. (2019), Kussul et al. (2017), and
Song et al. (2018) recognized land cover types using
different algorithms.

In addition, several studies start from the perspec-
tive of the data itself by studying exactly how much the
remote-sensing images cover a given area, which is
related to our research topic. Alfarrarjeh et al. (2018)
introduced a measurement model to determine the
directional coverage of geo-tagged images in a given
geographical region based on human visual percep-
tion. In their research, the datasets generated by sen-
sor-equipped cameras, such as smartphones, are
vertical and contains angle information; thus, the
method to calculate data coverage is different from
our research. Feng, Huang, and Zhang (2012) adopted
the PostGIS module of the open-source PostgreSQL
database to compute the coverage of satellite data in
regions of China. Their study area is limited, and they
need to obtain the boundary vector of Chinese admin-
istrative divisions in advance. In contrast, our research
can filter satellite data in any area of the world, and the
boundary of the search area is defined by drawing
a polygon on the map. In addition, they realize the
calculation function on PostgreSQL, while we develop
a WebGIS system.

2.3. Data acquisition methods

The acquisition methods for remote sensing metadata
and entity data are different. With regard to metadata,
firstly, the general method is to acquire the data pack-
age that contains the image data and metadata file,
which will be stored on the local disk; then, the neces-
sary fields and corresponding values from metadata
file are extracted by developing programs, which will
be stored in the metadata database for latter unified
management (Luan 2019). However, when confronted
with massive data in the big data age, it is undesirable
to obtain all remote sensing data packages. This
research applies web crawler technology to acquire
the metadata information distributed on the data cen-
ter websites.

For entity data, the method always uses data
distribution platforms, including satellite data cen-
ter websites and various data sharing websites.
The former include the United States Geological
Survey EarthExplorer (https://earthexplorer.usgs.
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gov/), Copernicus Open Access Hub (https://sci
hub.copernicus.eu/), the Level-1 and Atmosphere
Archive & Distribution System Distributed Active
Archive Center (LAADS DAAC) (https://ladsweb.
modaps.eosdis.nasa.gov/search/), Land Viewer
(https://eos.com/landviewer), etc. These websites
archive all the remote sensing data produced
since the satellites were launched. Data sharing
websites include the China GEOSS data sharing
network (http://www.chinageoss.cn/dsp/home/
index.jsp), Geospatial Data Cloud (http://www.
gscloud.cn/), RS Cloud Mart (http://www.rscloud
mart.com/), etc. Part of the satellite data on the
data sharing websites are mirror data of the data
center websites, and the data acquisition process is
restricted. Usually, data sharing platforms have the
right to distribute data only when agreements are
signed with the satellite data centers.

Recent studies propose different data acquisition
models for remote sensing data (Servera et al. 2018;
Svendsen, Martino, and Camps-Valls 2020; Martino
et al. 2020; Moselhi, Bardareh, and Zhu 2020), and this
paper focuses on automatically acquiring specific
online remote sensing data based on the public net-
work protocol they follow.

3. Acquisition framework for remote-sensing
data

The proposed acquisition framework consists of two
parts: requirement-driven metadata planning and
online acquisition of data. The former contains data
coverage calculation, and the latter contains metadata
and entity data acquisition. Figure 1 shows the over-
view of the proposed framework.

After the metadata is acquired, it is stored in a remote
sensing metadata database. Under the data requirement
of specific application scenario, the data coverage value
can be calculated in the selected geographical region, and
target remote sensing data can be acquired.

3.1. Requirement-driven metadata planning

3.1.1. Establishment of metadata cataloging model
Remote sensing metadata is the descriptive information
of remote-sensing data, which can be applied to the
organization, management, maintenance, integration

and distribution of the data and increase the convenience
of data retrieval and application (Huang, Li, and Wang
2018). In our research, it includes attribute information,
such as the file name, platform, time range and spatial
scope.

To achieve the unified description and catalog of
multisource heterogeneous remote sensing data, this
paper establishes a Metadata Cataloging Model
(MCM) using UML, which is based on the investiga-
tion and survey of different metadata structures and
various mainstream international metadata standards
containing ISO 19115-2 and CSDGM. Figure 2 shows
the structure of the metadata cataloging model.

As shown in Figure 2, there are eight classes in the
model: MCM_Identifier, MCM_ Platform, MCM_ Time,
MCM_Quality, MCM_Coordinate, MCM_Acquisition,
MCM_Copyright and MCM_DataSharing. Each class
contains different elements and their datatype properties
are also defined. For each element in the metadata cata-
loging model, detailed information is shown in Table 1.

Table 1 shows that in addition to the essential infor-
mation of the remote sensing data, other relevant infor-
mation including cloud cover, acquisition, copyright and
sharing is also introduced in the model, wherein cloud
cover information is an important condition for measur-
ing image quality and filtering data. The value of the
“DataDownloadURL” element is necessary to obtain the
latter entity data. The copyright information includes the
“DataOwner” and “DataProvider” elements. Data owners
produce the data and are usually an institute or organiza-
tion that has the ownership of data, while data providers
provide the data, and should have the right to distribute
the data in principle. In addition, with a greater under-
standing and practice of Earth observation data openness
and sharing, the “DataSharingStandard” element is the
last element that is considered in the metadata cataloging
model, which can standardize the data sharing process
and promote data sharing services (Elwood 2008). Here
“DataSharingStandard” mainly refers to but is not limited
to Creative Commons Attribution 4.0 International (CC
BY 4.0) (Commons 2019).

This model can provide guidance for building the
metadata database, where the standardized manage-
ment of multisource heterogeneous remote sensing
data generated by different satellite platforms can be
realized and fundamental data support for scientific
research is ensured.

Metadata Acquisition Metadata Planning Entity Data Acquisition
Directional Data Data Coverage Machine-to- :
Web Crawler | Metadata Requirement Calculation machine Interface B

Figure 1. Overview of the remote-sensing data acquisition framework.
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MCM_Identifier

MCM_Datasharing

MCM_Platform

-Identifier : CharacterString

-FileName : CharacterString

-DataSharingStandard [0..1] :

CharacterString

-Satellite : CharacterString

-Sensor : CharacterString

-ImagingMode [0..1]: CharacterString

0.%

+ identifier information 0.5

+ data sharing

MCM_Copyright

-DataOwner [0..1] : CharacterString

+ platform information \
0.%

+ time information

0.* /D

Metadata Cataloging Model

-DataProvider [0..1] : CharacterString

i

copyright information

MCM_Time

-StartTime : DateTime

-StopTime : DateTime

0.*

+ quality information

wuisition information

0.9 MCM_Acquisition
-DataDownloadURL [0..1] :
CharacterString

0.* '\t spatial coordinates

MCM_Quality

MCM_Coordinate

-CloudCover [0..1] : Real

-NorthWestLatitude : Real

-NorthWestLongitude : Real

-NorthEastLatitude : Real

-NorthEastLongitude : Real

-SouthFEastLatitude : Real

-SouthEastLongitude : Real

-SouthWestLatitude : Real

-SouthWestLongitude : Real

Figure 2. Structure of the metadata cataloging model.

Table 1. Elements in the metadata cataloging model for remote-sensing data.

Class identifier

Element name

Definition

MCM_Identifier

MCM_Platform

MCM_Time

MCM_Quality
MCM_Coordinate

MCM_Acquisition
MCM_Copyright

MCM_DataSharing

Identifier

FileName

Satellite

Sensor
ImagingMode
StartTime

StopTime
CloudCover
NorthWestLatitude
NorthWestLongitude
NorthEastLatitude
NorthEastLongitude
SouthEastLatitude
SouthEastLongitude
SouthWestLatitude
SouthWestLongitude
DataDownloadURL
DataOwner
DataProvider
DataSharingStandard

Description of unique identifier

Description of data file name

Description of satellite name

Description of sensor name

Description of imaging mode

Description of start imaging time

Description of stop imaging time

Description of cloud cover value

Description of latitude in the northwest corner
Description of longitude in the northwest corner
Description of latitude in the northeast corner
Description of longitude in the northeast corner
Description of latitude in the southeast corner
Description of longitude in the southeast corner
Description of latitude in the southwest corner
Description of longitude in the southwest corner
Description of data download URL

Description of data owner

Description of data provider

Description of data sharing standard

3.1.2. Establishment of coverage calculation model
According to data requirements of practical applica-
tions, it is important to be aware of how much data
covers the study area, which can help determine the
target data. To ascertain the data coverage information
in the given area, this paper establishes the Coverage

Calculation Model (CCM).

First, the remote sensing image data is expressed
with four types of parameters. Given a remote sensing
image dataset I that consists of many image data, and
I={L,1,15...1,}, where n is an integer and n > 1,
for one of the images I, in I, where i is an integer and
1 <i<mn, this paper expresses it as [;=pl,t,co,dl,
where pl is the platform information, which includes
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the satellite name, sensor name and imaging mode; t is
the start and end imaging time; co is the spatial loca-
tion, which includes the latitudes and longitudes in
four corners; and cl is the cloud cover. The platform
information, time and spatial coordinates are basic
remote sensing data information, while taking the
imaging mode and cloud cover into account is because
they are important for microwave image and optical
image, respectively.

CCM is related to the remote sensing image dataset
and the selected geographical area, and the coverage
value can be derived from it. The relationship among
them is as follows:

CCM(LA;) = cov (1)

where A denotes the selected area, and cov denotes
the value of data coverage. In general, cov can be
expressed in the form of a decimal or percentage,
and in this study, the former is adopted with a range
from 0 to 1 and retains three decimal places.

Based on the above expression of remote sensing
data, we define the coverage calculation model. The
calculation formulae are as follows.

A(Intersection(Union(Dp), P))

cov = AP) 2)

Union(X,Y) = {x e R*|(x e X)V(x € Y)} (3)

Intersection(X,Y) = {x € R*|(x e X) A (x € Y)}
4)

In Formula (2), P expresses the selected region and is
often a polygon; Dp expresses the remote sensing
dataset relevant to P after the data filter process;
Union() is the function to achieve union operation
on boundary vectors of Dp; Intersection() is the func-
tion to achieve intersection operation between the
result of Union(Dp) and the selected area P; and A()
is the function to calculate the area of the polygon.
Formula (3) and (4) are the calculation methods for
Union() and Intersection().

As can be observed from Formula (2), there is a data
filter process before the data coverage value is calculated,
and the filter conditions are the parameters that are used
to express I;, including the platform, time, spatial loca-
tion, etc. After Dp is obtained, a series of operations are
conducted, such as union, intersection and area calcula-
tion, and then the coverage value of remote sensing data
in the selected area can be calculated.

To illustrate the coverage calculation process of
remote sensing data clearly, a diagram is shown in
Figure 3.

In Figure 3, the red polygon P denotes the
selected geographical region; the two blue polygons
expressed as I; and I, denote the cover range of
remote sensing data related to P after the data

P

Figure 3. lllustration of the remote sensing data coverage
calculation.

filtering process. Then, the data cover range in the
selected area is obtained after union and intersec-
tion operations, namely, the polygon composed of
Ay, A, and A;. Finally, the data coverage value can
be calculated by dividing the area of P into the
areas of Aj, A, and As;.

3.2. Online data acquisition

The traditional remote sensing data acquisition
method is mainly based on browsers, and there is
a specific person who regularly checks whether the
data transmission task is complete. It is time-
consuming and inefficient, which reduces the effi-
ciency of data acquisition. This research acquires
remote sensing data, including metadata and entity
data, based on the public network protocol
Hypertext Transfer Protocol (HTTP) that the data
center follows. The process of data acquisition is illu-
strated in Figure 4.

In Figure 4, blue arrows represent the metadata
acquisition process, green arrows represent the
entity data acquisition process, red arrows repre-
sent the filtering data process, and orange line
represent the data input process. In the metadata
acquisition process, directional web crawler tech-
nology (Sheng 2016) is adopted, and remote sen-
sing metadata is obtained from the data center
website and stored in the local database. Then,
through the data filter process, the target metadata
is filtered according to the specific data require-
ment and is saved in an Excel file. Finally, in the
entity data acquisition process, the target metadata
is used as input, and a machine-to-machine inter-
face is developed to obtain entity data.



directional wb

crawler B

machine-to-machine
interface

Figure 4. Acquisition of remote sensing data based on HTTP.

3.2.1. Realization of metadata acquisition
With directional web crawler technology, the research
crawls the data in a specially designed uniform resource
locator (URL), directionally. Through gathering infor-
mation from web pages of different satellite data cen-
ters, the metadata fields and the corresponding values
can be extracted. In this process, to avoid storing dif-
ferent types of data under the same attribute, the data
mapping operation is executed by defining the corre-
sponding relation between the attributes stored in the
database and the data extracted from data centers.
The detailed steps of acquiring remote sensing
metadata using the directional web crawler can be
described as follows:

Step 1. Determine the data acquirement according
to the specific application, obtain the URL that dis-
tributes target data, and then create a URL queue.

Step 2. Traverse the queue and read each URL in it
with certain rules when the queue is not null; other-
wise, end the operation.

Step 3. Verify the login information of the data
center website, which includes the login name and
password. Only when they are correct, can the follow-
ing operation be allowed to proceed.

Step 4. Send HTTP requests to the web server and
parse the returned data from the website.

Step 5. Extract metadata information from the
returned data, including metadata fields and the cor-
responding values, and map the returned data to the
corresponding attributes in the database.

Step 6. Store metadata information in the metadata
database.

Step 7. Return to Step 2.

3.2.2. Realization of entity data acquisition

The metadata is stored in the database table, which is
the basis of subsequent operations. With the data
coverage calculation in the retrieval results using the
above coverage calculation model, users can have an
overall grasp in the selected area, and the relevant

—>
@ — @ e
HTTP  datacenter ™ g
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remote sensing data can be obtained according to the
metadata information. Instead of acquiring data
through browsers directly, this research expands the
existing data acquisition interface, which is provided
by data centers and mainly refers to official websites,
to a machine-to-machine interface that realizes the
acquisition of large-scale remote sensing data. The
core idea of the machine-to-machine interface is to
make the data acquisition process automatic and con-
venient. Thus, there is no need for people to spend
time obtaining the data, thereby saving labor costs.

4, Experiment and results

4.1. Data source and the experimental
environment

Considering factors such as data resolution (spatial
and temporal), data types and practical requirements
of remote sensing data, Landsat-8 and Sentinel-1/2/3
were chosen as the data sources in this experiment.
Landsat-8 is the eighth satellite in the American
Landsat program launched by the National
Aeronautics and  Space  Administration on
11 February 2013, which provides a resource for global
change research (Roy et al. 2014) and has a wide range
of applications in forestry, agriculture, coastal studies,
etc. Sentinel satellites are the constellations of the
European Copernicus Programme conducted by the
European Commission and European Space Agency,
with seven satellites in orbit at present, which provide
optical image data as well as microwave image data
(Butler 2014). Among them, Sentinel-1 is a polar orbit
C-band radar imaging system with multiple modes
and is mainly used for land and ocean monitoring;
Sentinel-2 provides optical imagery at a high spatial
resolution over land and coastal waters, and is widely
applied in vegetation monitoring, emergency manage-
ment and land cover classification. Different from the
above two satellites, Sentinel-3 is a polar orbiting,
multi-sensor satellite system, and the instruments it
carries consist of optical instruments and topographic
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instruments. Due to its characteristics, Sentinel-3 can
be applied to numerous applications, such as the mea-
surement of sea surface topography and temperature,
high-precision ocean mapping and land surface
mapping.

Table 2 presents detailed information on the
experimental data.

The experimental environment is built on
a computer with the following configuration:
Windows 10 operating system, 16 GB RAM, a 1 TB
hard disk, and a 3.20 GHz core CPU. Our programs
were developed with MyEclipse 8.5 and published by
the Tomcat application server 7.0.

4.2. Results

4.2.1. Acquisition of the metadata

Based on the metadata cataloging model and the
acquisition method, the experiment catalogs the meta-
data, and all the remote sensing metadata are uni-
formly managed in the metadata table. The research
successfully aggregates global remote sensing meta-
data from 2016 to 2019, with 25,301,255 records in

Table 2. Detailed information on experimental data.

the metadata table, which includes 1,030,086 Landsat-
8 records, 4,304,532 Sentinel-1 records, 15,576,763
Sentinel-2 records and 2,194,932 Sentinel-3 records.
After the calculations, the metadata acquisition speed
is approximately 75 records per second. The number
of acquired metadata records for the different satellites
in each year is shown in Table 3.

Through comparison, the number of metadata
records in the database is consistent with those dis-
tributed on the satellite data center websites, which
ensures the integrity and consistency of the metadata.

4.2.2. Coverage calculation of remote sensing data
To realize the function of the data coverage calcula-
tion, a WebGIS system is developed and deployed in
this research based on OpenLayers3 and Java Struts2
(Li 2015; Sacks, Schiller, and Welch 1989). The main
interface is shown in Figure 5.

According to the data requirements of specific
application scenarios, users can filter remote sensing
data by setting the limiting conditions of the data
name, satellite, sensor, imaging mode, time range,
cloud value and spatial range. There are different

Table 3. Results of the acquired metadata.

Satellite  Spatial resolution/m  Revisit cycle/d Data type Satellite 2016 2017 2018 2019
Landsat-8 15/30 16 optical Landsat-8 255,637 250,284 261,540 262,625
Sentinel-1 5-100 6 microwave Sentinel-1 553,564 1,119,313 1,292,044 1,339,611
Sentinel-2 10/20/60 5 optical Sentinel-2 1,241,415 2,182,707 4,249,374 7,903,267
Sentinel-3 300-1000 1-27 optical/microwave Sentinel-3 289,748 404,015 563,016 938,163

Data Retrival:

Date Name:

Satellite:
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Figure 5. Main interface of the WebGlIS system.




forms to determine the value of the limiting condition
in the system, where “Data Name” is specified by
inputting a string; “Satellite” “Sensor” and “Imaging
Mode” are specified with check boxes; “Time Range” is
specified with time control with the format “YYYY-
MM-DD,” and “Cloud” is specified by inputting num-
bers from 0 to 100. Finally, the spatial range, namely,
latitude and longitude of the study area, they are
specified by drawing a polygon on the map. After all
the limiting conditions are determined, the coverage
value can be calculated according to the coverage
calculation model.

In many practical applications in Earth observation,
the key is to ascertain the data coverage information of
the study area in detail, which can help determine and
acquire the target data. This study takes Hainan
Province, China, as the study area, where the longitude
ranges from 108.37° E to 111.03° E and the latitude
ranges from 18.10° N to 20.10° N, and retrieves
Sentinel-1 and Sentinel-2 data in each month of 2016
based on the metadata table established above, and
then calculates the data coverage value. The results
are shown in Table 4.

As can be observed from Table 4, for both Sentinel-
1 and Sentinel-2, there is a month whose coverage
value is not 1, namely, March (0.71) and February
(0.263), respectively. Because the coverage value of
Sentinel-1 in March is greater than that of Sentinel-2
in February, Sentinel-1 achieves better coverage in this
region. Meanwhile, the research also calculates the
coverage values of data combination of Sentinel-1
and Sentinel-2, and finds that there is a complete
coverage in each month.

In order to further study, the coverage information
of remote sensing data in each week of every month,
the coverage values of Sentinel-1 and Sentinel-2 data
are calculated separately(Table 5).

According to the calculation results, for Sentinel-1
data, the coverage values of the first week in January,
June, July, August and October are all 1, which means
that complete coverage is realized. In February, May,
September and November, complete coverage takes 2
weeks. With regard to Sentinel-2 data, there are also 5

Table 4. Coverage value of Sentinel data in Hainan Province.
Month

Data coverage value

Sentinel1/2

January 1 1 1
February 1 0.263
March 0.71
April 1
May 1
June 1
July 1
August 1

1

1

1

1

Sentinel-1 Sentinel-2

September
October

November
December

P Y
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months whose coverage values of the first week reach
1, including January, March, April, June and August.
Four months meet the condition that the coverage
value of the first 2 weeks is 1, including May, July,
November and December. Therefore, for most
months, it takes 2 weeks to achieve complete coverage
for both Sentinel-1 and Sentinel-2.

Consequently, in Earth observation research, espe-
cially global change monitoring that requires proces-
sing a large amount of remote sensing data, if a single
type of data cannot completely cover the study area,
a combination of different data can be taken into
account.

4.2.3. Acquisition of the entity data

To validate the data acquisition function of the
machine-to-machine interface, the research retrieves
Sentinel-1 and Sentinel-2 satellite data in 2016 on
Hainan Province. At the same time, the imaging
mode is set to IW, and cloud coverage is set to 0-
30%. The results are displayed below the map, and
each page shows five data records, as presented in
Figure 6.

It can be observed from Figure 6 that there are 379
data records in total, and after the calculation, the data
coverage value in the given area is 1. This means there
is complete data coverage in the selected area, where
the vector polygons with yellow boundaries are used to
represent the satellite data and the polygon with red
boundaries is used to represent the selected area.

Based on the data retrieval results, the paper
exports them in the form of an Excel file and obtains
the data list, which is indispensable for the automatic
acquisition process of remote sensing data using the
machine-to-machine interface. According to statistics,
there are 213 Sentinel-1 data records and 166 Sentinel-
2 data records, and with the machine-to-machine
interface, all the entity data are acquired, which take
up 0.44 TB and 0.07 TB of storage space, respectively.

Because the data may be changed easily after network
transmission, MD5 (Message-Digest Algorithm 5)
(Rivest and Dusse 1992) is utilized to validate the hash
values between the data acquired through our machine-
to-machine interface and the data distributed on the data
center websites. The results prove that our method can
ensure the accuracy, integrity and consistency of the
target remote sensing data.

5. Conclusions and discussion

Faced with existing deficiencies in the process of acquir-
ing large-scale heterogeneous remote sensing data in
Earth observation research, under the background of
big data, this paper proposes a data acquisition frame-
work that achieves requirement-driven metadata plan-
ning and online acquisition of entity data. In the
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Table 5. Coverage value of Sentinel data in each week.

Sentinel-1 Sentinel-2

Month 15t week 2" week 3" week 4™ week 1% week 2" week 3 week 4™ week
January 1 0 0.021 0 1 0 0.605 0
February 0.194 1 0.668 0.001 0.225 0 0.343 0
March 0.47 0.194 0.001 0.485 1 0 0.605 0
April 0.193 0.019 1 0.212 1 0 0.562 0.273
May 0.02 1 0.173 1 0 1 0.14 0.273
June 1 0.173 0 0 1 0.291 0.273 1
July 1 1 0.005 1 0 1 0.43 0.045
August 1 0.154 1 1 1 0.07 1 0.03
September 0.173 1 0.168 1 0.045 1 0.025 1
October 1 0.005 1 1 0.03 0.055 1 1
November 0.169 1 0.168 1 0.051 1 1 0.074
December 0.005 0.168 1 1 0.074 1 1 1

proposed framework, under the data requirements of
specific application scenarios, the metadata was
obtained with a metadata cataloging model, and then
the coverage value can be obtained by using the cover-
age calculation model, which guarantees remote sensing
data acquisition with high pertinency. The experimental
results show that the proposed framework has strong
practicality, which can provide researchers with data
coverage information and achieve data acquisition
online, pertinently and automatically, and is suitable to
obtain large-scale heterogeneous remote sensing data.

Data Retrival:

Date Name:

However, the limitations of the proposed method
are mainly reflected in two aspects. Firstly, because web
crawler technology is used to obtain remote sensing
metadata in this paper, most of the time we acquired
near-real time data; therefore, the proposed method is
suitable for near-real time data applications. Though at
the technical level, the metadata can be updated and
stored locally in real-time, this will increase the load
pressure of the data distribution server, which is inad-
visable. For real-time data application scenarios, sign-
ing contracts with the satellite data centers is suggested,

Satellite:
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Cloud: 0 % --- |30
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View details...
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View details...

Figure 6. Data retrieval results of Hainan Province.



and then they will provide a special data interface that
can acquire data with a high efficiency. In addition, the
metadata table stores all the metadata records acquired
from various satellite data websites; thus, the huge data
volume will result in low query efficiency in the data
retrieval process. In the future work, we plan to build
an index mechanism to improve query efficiency.
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