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Abstract

This paper presents an innovative, cost-effective and efficient web-based
sharing system for geoscience information among the countries in East and
Southeast Asia. The information system’s main components are organized
following the Spatial Data Infrastructure (SDI) model. It also uses the Open
Geospatial Consortium (OGC) Web Map Service (WMS) and Web Processing
Service (WPS) for online spatial data rendition and processing, respectively.
Free and Open Source Software (FOSS) are also used for other important spa-
tial data processing functions. The geospatial contents of the information
system are stored and managed using the open source software PostgreSQL
and its PostGIS extension. The information system makes spatial data sharing
more efficient and organized by formulating a hierarchical information con-
tent classification scheme and the option for the users to put up their own
customized WebGIS portals. These give users the option to show their chosen
geospatial contents on their own web-based platform. The information sys-
tem also makes spatial data sharing more flexible by providing data owners
the choice to determine the data access privileges for each user or group of
users. It also provides module for processing, rendering and sharing Japan’s
ASTER satellite images. The information system is called GSi for Geoinfor-
mation Sharing Infrastructure for East and Southeast Asia. The URL of the
web-based information system is https://ccop-gsi.org/main/index.html.
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1. Introduction

Geoscience information is an indispensable input for the important undertak-
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ings to protect the environment, mitigate the effects of natural disasters, and
manage and sustain the use of natural resources. These kinds of activities are not
restricted by national boundaries. Hence, the availability of geoscience data
among the countries in a region is very important. Developing an information
system for sharing geoscience information requires the use of Geographic In-
formation System (GIS) software to make it more efficient and cost-effective for
spatial information processing, management and storage [1] [2]. Almost all
kinds of human activities require the use and processing of geographically refe-
renced information. Hence, GIS is an indispensable tool for a broad range of re-
search disciplines in the biological, social and physical sciences (e.g. [3]-[9]).
Conventional GIS system is installed in standalone computer where the spatial
data are also stored. Users who want to do spatial information processing should
have physical access to this computer. This kind of spatial information system is
starting to become obsolete in meeting the increasing need for geospatial con-
tent and geospatial information processing of many organizations. Indeed,
sharing huge volume of geoscience information using this kind of system will be
inefficient and expensive. Accessing geoscience information and GIS software
that are saved and installed, respectively, in a remote server becomes the norm
in recent years. This kind of setup makes geoscience information and spatial da-
ta processing services highly accessible to many users, who just need internet
access to run the GIS system and use the data anywhere in the world. Further-
more, computationally expensive geospatial information processing using de-
vices with low processor speed, Random Access Memory (RAM) and storage
capacity like mobile phones is possible, because information processing and sto-
rage are implemented in the remote server. The information system is generally
called Web-based Geographic Information System (WebGIS). It is assigned with
a Universal Resource Locator (URL) that users can use to access the spatial in-
formation processing service. A wide range of research undertakings using
geospatial data use this kind of spatial information system (e.g. [10] [11] [12]
[13]). WebGIS has been developed and used extensively in real-world applica-
tions [14]. It is widely used to efficiently share geographically referenced data in
many disciplines. Gao [15] worked on a WebGIS system for health information
sharing while Chen et a/l [16] developed an innovative Web-based GIS in disse-
minating flood information. Jian et a/ [17], on the other hand, implemented the
geological environment data management information system (GEMIS) based
on WebGIS to manage and share geological hazard data. Charoenbunwanon et
al. [18] works on the use of WebGIS for sharing Thailand’s mineral resources
information. Developing an efficient and cost-effected WebGIS system for shar-
ing huge volume of geospatial information from geographically distributed data
sources requires the formulation of web services that provide spatial information
management and processing functions. Users access the GIS software and geos-
patial contents by sending requests to these web services, which serves as the go
between the GIS software and spatial database and the users. Users access the
web services by sending request in a form of Universal Resource Identifier (URI)
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using a web browser. The selected web service will do the requested geoinforma-
tion processing and send back results that are either geographically referenced
map images or xml documents. However, using these web services to process
geospatial information from diverse sources is difficult because of the differences
in data formats and projections. Hence, WebGIS will just work when standards
are used for spatial information sharing. The Open Geospatial Consortium
(OGC) has been setting standards for sharing geographically referenced data
though the World Wide Web. The OGC Web Map Service (WMS) and Web
Processing Service (WPS) are the mainstream web services standards for sharing
map images and processing geospatial contents online, respectively [19]. Web-based
spatial information systems are generally organized following Spatial Data Infra-
structure (SDI) model [20], wherein a system is conceptualized as a 3-layered
system (Figure 1). The 3 layers of an SDI, from top to bottom, are the user and
applications (top layer), geospatial web services (middle layer) and geospatial
contents (bottom layer). Geospatial services layer provides a wide array web ser-
vices for data rendition and processing. Many of these web services access the
geospatial content layer where the spatial database resides. SDI was conceptua-
lized to make the sharing of geospatial contents through the World Wide Web
easy to implement and efficient [21]. Its implementation for governments and
companies has gained ample attention in recent years [22] primarily because en-
vironmental problems demand information system that makes spatial data rea-
dily available to decision makers [23]. The Infrastructure for Spatial Information
in Europe (INSPIRE) of the European Union (EU) showcases a successful use of
SDI in sharing huge volume of information among EU countries [24].

The economies of the countries in East and Southeast Asia have been grow-
ing at a faster pace for many years. On the other hand, natural disasters sweep
through many countries in the region more often than any region in the world.
Sustaining economic growth while protecting the environment and mitigating

the effects of natural disasters require easily accessible geoscience information

User and Applications

i

Geospatial Services

il

Geospatial Content

Figure 1. Three-tier architecture of spa-
tial data infrastructure model [20].
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input for the region’s leaders to do informed decision making, and for research-
ers to produce relevant research results. Thus, developing an advanced informa-
tion system to make geoscience information from the countries in the region
highly accessible and available is very important. This paper presents an innova-
tive, cost-effective and efficient system for sharing geoscience information
among the countries in East and Southeast Asia using SDI, OGC web services
and Free and Open Source Software (FOSS). The main components of the in-
formation system and the web services that users should formulate to share their
data online are explained. This paper also outlines the classification of the GSi
information contents into information categories, how the shared data are orga-
nized following these categories, and the data access permission level of each us-
er or group of users. This paper outlines the flexible and innovative geospatial

data sharing concepts of the information system.

2. GSi Components

The developed geoinformation sharing system follows the 3-layered SDI archi-
tecture. Its 3 major components are the Applications, Web Services and Data-
base (Figure 2). Users access the system’s geospatial contents by sending re-
quests to the web services, which serve as the go between the users and the data-
base components. Sharing and integrating spatial information from multiple

sources, with different formats and projections, are implemented using OGC

Desktop Client (GSi Main Portal)
Web Application (GSi Mobile) | Applications
GSi Generated WebGIS Portals

/&Sp&
W

Web Map Service (WMS)

Web Services

Philippines

Thailand

Web Processing Service (WPS)

/esp&

Request

<

PostgreSQL/PostGIS Database

Vietham

Figure 2. The major components of GSi.
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standards. GSi facilitates the sharing of geospatial information by providing data
owners the choice to formulate web services for the data that they share as
shown in Figure 2. Data owners upload their data into the GSi database and
formulate the web services that applications can use to access the data. The con-
cept makes GSi very useful for researchers and decision makers who want to use
geospatial information from multiple sources. Server and client-side specialized
scripts are written to construct GSi’s major components and organize them into

a web-based geoscience information sharing system.

2.1. Applications

The GSi Applications component contains the main GSi portal (Figure 3), GSi
mobile application and all customized WebGIS portals generated using the in-
formation system. These applications provide interface for the formulation of
web services requests that will be sent to the web services layer for spatial data
rendition and processing. Requests for important data sharing functions like da-
ta download and database query are sent by the applications. The applications
also serve as WMS clients for viewing maps that are available in the system. Se-
lecting a map on a list will trigger WMS GetMap requests that are sent to the
WMS server, which then query the database and return the results as map im-
ages for viewing. GSi applications use the open source Leaflet JavaScript library
[25] for viewing the maps. The main GSi portal provides an interface for processing

ASTER satellite images for sharing and viewing (Figure 4). Users can also use

P
(32 - . . : !
) Coordinating Committee for Geoscience Programmes in East and Southeast Asia (Ci

K2 mg.. Geological Survey of Japan (GSJ), AIST &

Upload Shapefile/Raster
ASTER Satellite Data
Web Map Service (WMS)
Map Catalog
WeDbGIS Portal Creation

View and Edit Data

Users Group Registration

g

Login or Register

Submit Reset

W you wish to publish map data obtained from this
zite, pleaze follow the proper citation ss indicated EIRAEEINE

in the map layer's metadats.

Figure 3. The GSi main page.

About G5/ Privacy Statement  GSiData Policy User's Guide

e Google Physical

< Available Maps u
ASEAN ASOMM 1:1 M Gold Occurrence Sites in AS ~
ASIA CCOP 1:1M Ground Water Map of East Asia
ASIA CCOP 1:2M Combined Bedrock and Superfic
AZIA GBJ 1:10M Caldera
ASIA GSJ 1:10M Earthquake Fatalities
ASIA GSJ 1:10M Earthquake Source Region
ASIA GSJ 1:10M Geological Map of Asia
ASIA GSJ 1:10M Geological Map of Asia Lines
ASIA GSJ 1:10M Geological Map of Asia Volcanic a v

wn%hai

East China Sea
»

Click to view the map, double-click for metsdsts.

< Available Map Catalogs

ASEAN Mineral Maps w»
Based Maps: DMR, Thailand

CAM : Base Map

CAM GDMR : 14 Quadrangle Sheets of Cambodia
CAM GDMR : Geohazard of Cambodia

LIRS CAM GDMR : Geological Map of Cambodia .
ChSO“Sh ‘ ) < Available WebGIS Portals
ina Sea
EBan EL AR ASEAN Mineral Resources WebGIS Portal ~
AFANAURT & i ‘
¥ Prilippiic »s Cambodia WebGIS Portal
Andaman Seg | 3 - whi b1 N - CCOP Groundwater Dalabase
+ Gulfof linh City .
Fhailand Palfvan  Nejos, if CCOP Technical Secretariat
'{& M”'. , Geological Survey of Japan WebGIS Portal -
iy 3 Basilanlslal,;° ¢
T ¥ All Data Your Data Search
Celebes Sea »
= a4 Download Maps
= ~
B £ 2 View Map Overlay Control
T
e, Java Sea if' el -~ £ Bls‘marcKSe;a A
a2 Banda Sea v .
R f e ' Leafiet
"‘“‘*".‘m -~ e
T s Arafura Sea “I8.Map data ©2019 Google. INEGL, SK telecom, ZENRIN | Terms of Use

DOI: 10.4236/ijg.2019.102013

213 International Journal of Geosciences


https://doi.org/10.4236/ijg.2019.102013

J. Bandibas, S. Takarada

Satellite Color Composite Web Map Service (WMS) Generaltor

Available Bands: ASTER(ASTB180822013456) 2018-08-22 Japan Fuji Volcano (Honshu)
Visible and Mear Infrared (VNIR3M) (o]
Visible and Near Infrared (VNIR2)
Visible and Near Infrared (VNIR1)

Choose Band for Red Choose Band for Green Choose Band for Blue
VNIR3N
StretchMin [0 | Stretch Max Pixel Size(Bytes) [ 1
%5 Min - 95% Max Lin Stretch Show Image Histogram View Band

VNIR2
StretchMin [0 | Stretch Max Pixel Size(Bytes) [ 1

%5 Min - 95% Max Lin Stretch Show Image Histogram View Band

Stretch Min | 0 Stretch Max | 255 Pixel Size(Bytes) | 1 ]

%5 Min - 95% Max Lin Stretch Show Image Histogram View Band

Register Color Composite WMS Back Preview Color Composite Image

Figure 4. The GSi interface for processing ASTER satellite data.

the site to generate their own customized WebGIS portal to enable them to or-

ganize their geospatial contents using their own web-based platform.

2.2. Web Services

The GSi Web Services component contains OGC WMS and WPS (Figure 2).
These services are assigned with unique Universal Resource Locator (URL) that
applications use to avail of the web services functions. The WMS provides a simple
Hypertext Transfer Protocol (HTTP) interface for requesting geo-registered map
images from one or more distributed databases [26] (Figure 5). To view a map
served as WMS, a user should send GetMap request to the WMS server. The re-
quest is in the form of Universal Resource Identifier (URI) which includes the
URL of the WMS, the extent of the area of the map to be viewed and other im-
portant parameters. The WMS server queries the database using the parameters
in the URI and returns the query result in the form of geographically referenced
map images. Figure 6 shows the WMS GetMap request URI to get and view the
map image of the geological map covering East and Southeast Asia. GSi provides
interface to enable data owners formulate WMS services for the maps they upl-
oad to the GSi database. Figure 7 shows the GSi form to formulate the WMS
service for the geological map covering East and Southeast Asia. The informa-
tion system uses the WMS open source software MapServer [27].

The WPS provides a standard interface that simplifies the task of making sim-
ple or complex geospatial processing using HT'TP. It provides robust, interoper-
able, and versatile protocol for process execution of web services [28]. Geopro-
cessing is executed by sending WPS request, in the form of URI, to the server

where PHP scripts written for the tasks are executed. The GSi information
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Figure 5. Web map service.

GetMap Request URI
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LAYERS=EASIA_CCOP_2M_Combined BLT SLT BA&REQUEST=GetMap&SERVICE=WMS&VERSIONI.1.1
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Figure 6. WMS GetMap request URI to get the geological map image covering East and
Southeast Asia.

system formulate WPS for important geospatial information sharing functions

such as data upload and their entry into the GSi database, and data download.

2.3. Database

The most important component of the sharing system is the Database which
contains the system’s geospatial contents. The system uses the open source rela-
tional database management system software PostgreSQL [29] and its PostGIS
extension [30] for the storage of GSi data. Figure 8 shows the data model used to
manage and organize the information stored in the system’s database. Web ser-
vices are formulated to run Structured Query Language (SQL) scripts for query-

ing and entering data into the database.

3. GSi Information Categories

The GSi information contents are classified into different categories to organize
geospatial contents systematically. This provides users with the option to group
map layers based on their set criteria. Furthermore, this facilitates the sharing of
geospatial contents that the users are interested in using their customized WebGIS

portals. The GSi information categories defined are the Map Data, Map Layers,
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Figure 7. GSi form showing entries for the formulation of WMS for East Asia geological
map.
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Figure 8. The GSi data model.

Map Catalogs and WebGIS Portals. Figure 9 shows the hierarchy of the infor-
mation categories of the system.
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Figure 9. The hierarchy of the information categories of GSi.

3.1. Map Data

The information category Map Data represents the original map data uploaded
and entered by the user to the GSi database (Figure 9). The original map data in
vector format are stored as PostGIS table. Raster data are stored as files in the
GSi server file system. GSi only accepts vector data in Esri shapefile format for
entry into the GSi database. Raster data in GIF, TIF, JPG, PNG, GeoTif map im-
ages and ASTER satellite multi-band data in archive TAR.BZ2 formats can be
uploaded to the GSi system.

3.2. Map Layers

The Map Layers are the WMSs formulated for the maps stored in the GSi data-
base. Maps in the database can only be displayed in the WebGIS portal as WMS.
Figure 7 shows the form for formulating WMS of the geological map covering
East Asia. The map list displayed in the GSi portal (Figure 10) are the WMSs of

the maps that are shared using the system.

3.3. Map Catalogs

The Map Catalogs are created to group map layers according to the users’ crite-
ria. They serve as map layer containers or folders. Researchers may create map
catalog to group map layers that they need for their research. Mineral resource
managers may create a map catalog containing mineral resources occurrence
map layers. The ASEAN Senior Officials Meeting on Minerals (ASOMM)
created the ASEAN Mineral map catalog as shown in Figure 11.
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Figure 11. GSi user interface for registering map layers to a chosen map catalog.

3.4. WebGIS Portals

WebGIS Portals category are the customized websites that are generated using
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File Edit View History Bookmarks Tools

Help

G5i Portal G5i WebGIS Page

the GSi system. Users who wish to create a WebGIS portal for their data can
create one on the fly using the information system. GSi provides the users option
to tailor the geospatial contents and web-based platform according to their
needs. ASOMM created the WebGIS portal of the ASEAN mineral resources
(Figure 12) using the system. The website shows the registered catalog ASEAN
Mineral Maps, which contains the mineral occurrence maps of the countries in
ASEAN.

4. GSi User Information Access Privileges

The GSi system provides data owners the option to control the access level of a
user or group of users to the system information categories (Ze. map data, map
layers, map catalogs and GSi generated WebGIS portals). The access level is ex-
pressed in terms of permission numbers which are the following:

4 ---- > Read

2 ---- > Write/Edit

1 ---- > Download

The combination of the 3 permission numbers results into 8 different permis-
sion numbers which are defined as follows:

7 (4 + 2+ 1) ---> All privileges (i.e. Read, write and download).

6 (4 + 2) ---> Read and write but not allowed to download.

5(4 + 1) ---> Read and download but not allowed to write.
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Figure 12. GSi generated ASEAN mineral resources WebGIS portal.
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4 ---> Read only.

3 (2 + 1) ---> Write and download but not allowed to read.

2 ---> Write only.

1 ---> Download only.

0 --->No privilege.

The option to assign permission number to GSi information categories pro-
vide data owners the flexibility on how to share their data to users or group of
users. Some countries share some of their data only for viewing (permission
number 4) because of some national law restrictions. On the other hand, other
data owners only provide some selected research groups full access (permission
number 7) to their data. The public is given permission number 4 to most in-
formation categories of GSi. The GSi permission number concept makes the in-
formation system acceptable to many countries with different national policies

for sharing geoscience information to the public.

5. Data Download

GSi provides a user many options for the file format of the data to be down-
loaded. However, the availability of the file formats is dependent on the data
access permission number of the user. All file formats are available if the user
has data access permission number 5 or 7. This includes the original data in Esri
shapefile or the original raster data. A user whose permission level is restricted
only for viewing, can just download data in PNG, PDF and KML formats. KML

is just used as a client in displaying a map served as WMS.

6. Discussion

GSi is developed for the sharing of geoscience information among the countries
in East and Southeast Asia and to the world. The information system provides
interface and functions for users to easily access, process and download geospa-
tial contents shared by the countries in the region. The GSi concept of sharing
geospatial information through the OGC web services makes it possible for users
to access and process spatial information from multiple sources. Furthermore,
the classification of GSi information contents into several categories makes it
convenient for the users to organize the accessed data according to their needs
on their customized WebGIS portal. Several WebGIS portals generated by the
information system presents geospatial contents that are very useful to many us-
ers. These include the ASEAN Mineral Resources WebGIS Portal, CCOP
Groundwater Database and One Geology Portal Covering East Asia. Countries
participating in the project also create their own portal using the system.
Thailand provides a comprehensive presentation of the country’s geospatial
content using GSi generated WebGSI portal (Figure 13). The URLs of the portal

sites can be found on the GSi main site (https://ccop-gsi.org/main/index.html).

The option of the participating countries to determine the spatial data access pri-

vilege of a user or group of users is another important feature of the sharing
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Figure 13. The WebGIS portal of Thailand generated using the GSi system.

system. This provides data owners the option to decide who can view, edit and
download the geoscience information they share. This is a very important fea-
ture of the sharing system because data policies among the countries that are
sharing data vary. Some countries may not completely share some of their data
because of data copyright and national security issues, and just provide permis-
sion number 4 (view) to the general public. Other countries allow everybody to
have full access to their data. The data access privileges concept makes GSi more
acceptable to many countries with different national policies for sharing
geoscience information to the public.

The development of the geoinformation sharing system is a project imple-
mented by the Coordinating Committee for Geoscience Programmes in East and
Southeast Asia (CCOP) and the Geological Survey of Japan (GSJ). The project is
participated by the countries in the region. One of the major disadvantages of
using the system is that data owners and users should be aware of the concept of
web services such as WMS. Without WMS, it is very difficult to share the map
data because viewing maps efficiently online requires the use of this web service.
WMS is a new concept to many users making its formulation difficult. Because
of this, CCOP and GSJ organize trainings on web service formulation and spatial
data management. The main portal of the information system also provides
comprehensive guide on how to use the system including the formulation of

WMS. The information system was officially launched on September 17, 2018 in
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Langkawi, Malaysia. GSi is presently sharing more than 570 maps from coun-
tries in the region. These spatial data include geological, mineral resources,
groundwater, geological hazards, seismic and active fault maps. ASTER satellite
images are also shared using the information system. The satellite data are pro-
vided by METI AIST Data Archive System [31]. GSi, being an SDI can also be
used as a source of web services and geospatial contents for a wide array of ap-
plications. Anyone can develop application and make GSi as the data source

through its web services.

7. Conclusion

The sharing system for geoscience information for the countries in East and
Southeast Asia called GSi, is successfully developed and operational. The use of
SDI model, OGC web services and FOSS makes the GSi system very flexible, ef-
ficient and cost-effective. The classification of GSi’s information contents into
different categories and the definition of the access privileges of a user or group
of users to these information categories, provide data owners the option to de-
termine who can view, download and edit the information they share. These are
very important features of a web-based map data sharing system. GSi also pro-
vides users with the tool to create their own customized WebGIS portal, which
allows them to share their selected geospatial contents using their own
web-based platform. Many users are presently using GSi in sharing their data
making the information system an important source of data for environmental
protection, disaster mitigation and the management and sustainable use of na-

ture resources.
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