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ABSTRACT:

Sharing and management of geospatial data among different communities and users is a challenge which is suitably addressed by
Spatial Data Infrastructure (SDI). SDI helps people in the discovery, editing, processing and visualization of spatial data. The user
can download the data from SDI and process it using the local resources. However, large volume and heterogeneity of data make this
processing difficult at the client end. This problem can be resolved by orchestrating the Web Processing Service (WPS) with SDI.
WPS is a service interface through which geoprocessing can be done over the internet. In this paper, a WPS enabled SDI framework
with OGC compliant services is conceptualized and developed. It is based on the three tier client server architecture. OGC services
are provided through GeoServer. WPS extension of GeoServer is used to perform geospatial data processing and analysis. The
developed framework is utilized to create a public health SDI prototype using Open Source Software (OSS). The integration of WPS
with SDI demonstrates how the various data analysis operations of WPS can be performed over the web on distributed data sources

provided by SDI.

1. INTRODUCTION

In today’s geospatial world, the generation of geospatial data is
continuously increasing, which creates pressure on the
geospatial communities to maintain and manage it (Tripathi et
al., 2020, 2018). Spatial Data Infrastructure (SDI) is designed
and developed as a solution to this, and can be defined as the
system which encompasses the policies, technologies, standards
and human resources necessary for the effective collection,
management, access, delivery and utilization of geospatial data
in a global community (Coleman and McLaughlin, 1998). It is a
geospatial framework that facilitates and coordinates the
exchange and sharing of geospatial data among different
organizations (Rajabifard et al., 2002). Vancauwenberghe and
van Loenen (2018) suggest the concept of open SDI that
includes more stackholders from the businesses, citizens and
other non-govermental actors. SDI offers geospatial services
through a standardized interface which can be enabled by
Service Oriented Architecture (SOA) concept (Agrawal and
Gupta, 2017; Li et al., 2018). SOA provides the standard based
distributed computing to enable the reusability and
interoperability of different component of the system.

The interoperable cartographical web services are the core of
any SDI. Most of them are Open Geospatial Consortium (OGC)
compliant services that work according to the SOA's publish,
find and bind paradigm (Yue et al.,, 2016). OGC is the
consortium which is responsible for defining and developing the
standards for geospatial web services. It promotes
interoperability and reusability. In SDI, various OGC services
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are used. OGC Web Map Service (WMS) is deployed for
visualization (de la Beaujardiere, 2006), OGC Web Feature
Service (WFS) is used for vector data download and editing
(Vretanos, 2005), and OGC Web Coverage Service (WCS) is
provided for coverage or raster data (Baumann, 2012). Different
Open Source Software (OSS) like GeoServer, MapServer and
GeoNetwork are available to adopt such OGC services.

Foundation of SDI lies in data discovery and accessibility
(Giuliani et al., 2017). This is provided through Catalogue
Service for the Web (CSW) and Web Processing Service
(WPS). In SDI, CSW is used for the publication and discovery
of data. CSW provides a standard procedure through which data
providers can publish their data and users can discover the data
(Nebert et al., 2007). It gives the metadata catalog or registry
through which data about geospatial data and services are
published and searched. In SDI, WPS provides a standard
interface through which geospatial process can be accessed.
WPS gives the rules that standardize the input of execution
parameters for geoprocessing web services or analysis (Schut,
2007). The common difference between the WPS on server and
client is that the first one is accessed remotely and can be easily
integrated with other computational platforms while the second
one is accessed in a standalone manner. Cloud computing and
grid computing are the technologies that can merge with
different WPS implementation tools to deal with large and
variant geospatial data (Singh et al., 2019).

Some of the standard OSS WPS specification implementation
tools are 52° North project, Zoo project, Deegree project,
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PYWPS Project and Geoserver WPS. Several studies on these
WPS platforms are performed. An implementation of OGC
WPS by using 52° North WPS has been demonstrated into
geospatial mass-market application on use case scenario of
forest fire risk assessment (Foerster et al., 2009). The
integration of GeoPipes in the WPS interface is introduced to
process the real time geoprocessing applications such as risk
management or alerting services (Herle and Blankenbach,
2018). An implementation of hydrological model to predict
watershed runoff, hosted on WPS server, is performed using
PyWPS (Castronova et al., 2013). Béjar et al. (2012) developed
SDI based business process for territorial analysis. While there
are researches implementing OGC WPS services in different
geospatial application but these are more focused on their data
modeling and implementation of system.

OGC services like WMS, WFS, WCS and CSW can only
distribute the vector and raster data to the client. In SDI, users
may require to transform the data for which spatial analysis can
be performed using Commercial Off-The Shelf Software
(COTS) or OSS. Software used by the client can be platform
dependent as well as GIS skills are required to perform the
geoprocessing on it. These problems highlight the need for
WPS enabled SDI that empowers the client to access the data
from anywhere and from any machine that has internet
connection along with geoprocessing capabilities. This would
help the client to process the data without the need of a GIS
software on client side. Therefore, WPS enables SDI is an
important research issue. This SDI will not only give the maps
and information but also provides the functionalities which are
wrapped into WPS. The integration of WPS with SDI will also
provide support in decision making. However, very less
research has been found that focused on taking OGC WPS
services into SDI. The present work is focused on the
development of a WPS enabled SDI framework.

There is a large amount of health related data but due to the
unavailability of common platform, it is difficult to discover it.
This results in the generation of same data again leading to data
duplication. As compared to other fields, the deployment of
WPS for the health sector is not common. Therefore there is a
need of WPS services that support the health sector. This work
is an attempt to enhance the limited research on health SDI by
implementing WPS and other OGC compatible services along
with the Graphical User Interface (GUI) for the common public
by developing a WPS enabled health SDI prototype.

The main objective of this paper is to design and develop a
OGC compliant WPS enabled SDI framework so that the user
can get the capability to perform geoprocessing over the web.
This research demonstrates the orchestration of WPS into SDI
using OSS. Further, OGC compliant prototype model of public
health SDI is created based on developed WPS enabled SDI
framework. This prototype will be useful for different potential
users like patients, health agencies, and decision makers to
access the health related geospatial data as per their
requirements.

2. WPS

WPS is one of the interoperability standards promulgated by
OGC. In year 2005, WPS initial version 0.4 was launched.
Currently, WPS 2.0 is utilized by geospatial communities with
improvements (Matthias Mueller, 2015). The OGC WPS is a
standardized specification to perform spatial geoprocessing
algorithms in web environment. WPS interface works on the
concept of SOA (Tan et al., 2016). It facilitates publishing of

geospatial processes at the server which then is discovered and
bound by the WPS clients. The core element of WPS is process
which is defined as the job that takes the input and transforms it
into the output. WPS processes are flexible and remotely
accessible; therefore these can be easily reused for different
applications. The process takes data in defined formats as input
and produces outputs at the client-side.

2.1 Operations

The working of WPS on web environment includes three core
operations namely GetCapabilities, DescribeProcess and
Execute which are discussed below. These operations
communicate among each other using HTTP and eXtended
Markup Language (XML) encoding schema. The interface of
WPS operation is shown in Figure 1. These operations are
deployed on the local server of MNNIT Allahabad and accessed
via calling localhost.

WPS-client WPS-
(requestor) server
T T
} <GetCapabilities \:
[ - 4
I Service I
€ —Vemam — T T T -
| |
| |
I <DescribeProcess \
> ¢
I Process Description I
c————————- -
| |
| |
| <Execute :
N
[ > 4!
| |
|

Figure 1. Communication pattern of WPS process

2.1.1 GetCapabilities: The GetCapabilities operation is a
generalized operation for any OGC web services. It is an XML
document which provides details about service metadata and list
of processes offered by WPS server. Following Uniform
Resource Locator (URL) calls this
operation:http://localhost:8080/geoserver/wps?service=WPS&r
equest=getcapabilities.

2.1.2 DescribeProcess: This operation provides an XML
document that contains a detailed description of the selected
process, €.g., input and output parameters. This operation is
requested by following using:
http://localhost:8080/geoserver/wps?service=WPS&version=1.0
.0&identifier=process_name&request=describeprocess

2.1.3 Execute: After obtaining the detailed description of the
process through DescribeProcess request, Execute operation is
performed by giving all necessary inputs. Through this
operation, WPS instance generates output and return it to the
WPS client or stores it as a Web resource. This operation can be
requested by following using URL:
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http://localhost:8080/geoserver/wps?service=WPS&version=1.0
.0&identifier=process_name&request=execute&datainputs=data

2.2 Implementation Tool

In this section, different OSS are reviewed for WPS
implementation. Some of them are utilized for implementing
WPS on web service environment, referred to as server
software, while others are integrated with desktop GIS software,
referred to as client software. The software products used for
WPS implementation on the server side are shown in Table 1.
Their detailed description is given below:

S. Software/ Programming | Platforms
No. | Project Languages
1. | GeoServer Java Windows, Linux,
WPS Mac OS, Unix
2. 529 North Java Windows, Linux,
Mac OS
3. | ZOO-Project | Java, Python, | Windows, = Mac
C, C++, PHP, | OS, Unix
JavaScript
4. | Deegree Java Windows, Linux,
WPS Mac OS
5. | PyWPS Python Platform
Independent

Table 1. OSS for WPS implementation on Server

2.2.1 Geoserver WPS: GeoServer is a Java based OSS which is
used to publish, view and edit different types of geospatial data
(GeoServer, 2019). GeoServer is the most flexible tool to
implement the WPS service. WPS is not an in-built component
of the GeoServer like other OGC services such as WMS, WFS
and WCS. WPS is an extension which is combined with
GeoServer as a service.

2.2.2 529 North : It is a Java based OSS which was launched in
2004 (52°North, 2019). It enables clients to perform
geoprocessing on the web (Baranski, 2008). It supports various
geospatial data formats such as shapefiles, geotiff, GML, KML
and WKT. Open source clients like uDig and OpenLayers can
be directly integrated with plugins of 520 North WPS so that
thick client users can achieve geoprocessing functionality.

2.2.3 ZOO Project : ZOO is a developer friendly open source
WPS implementation framework released in 2009 under the
norms of the MIT/X-11 license (ZOO_Project, 2019). ZOO
kernel, ZOO services and ZOO Application Programming
Interface (API) are three main components of the ZOO project
(Rautenbach et al., 2012). ZOO kernel is a core component of
the ZOO project that can create, manage and chain the web
services. This server side C kernel supports multi-programming
languages and can be easily integrated with spatial libraries and
databases. The ZOO API is a server-side JavaScript API
through which calling and chaining of ZOO services have
become easier (Fenoy et al., 2013).

2.2.4 Deegree Project : The Deegree is a Java based open
source framework that supports the SDIs to implement the
major geospatial standards (Deegree, 2018). It was founded in
2002 under the GNU Lesser General Public License (LGPL).
Currently, Degree implements WPS standards 1.0.0 and
provides flexible environment in terms of its configuration and
output formats.

2.25 PyWPS Project: PyWPS (Python Web Processing
Service) is used for server-side OGC WPS implementation
framework (PyWPS, 2018). It was started in 2006 by Jachym
Cepicky who started a project that aimed to connect the GRASS
GIS based processing over the web interface (PyWPS, 2013).
The PyWPS Project is fully written in python language. The
basic working PyWPS framework is initiated with receiving of
incoming request which is compliant with OGC standards,
transmitting it to the GRASS or any other python developed
tools and return the result to the client (Cepicky and Becchi,
2007).

3. DESIGN AND ARCHITECTURE

The architecture of the proposed WPS framework is shown in
Figure 2. The system works on the concept of multi-tier client-
server architecture. It has three layers which are discussed
below:

3.1 Client Layer

Web based geoprocessing is initiated from this layer. It includes
thin and mobile users who can easily communicate with the web
server environment. The communication between the client
layer and application layer is done using the HTTP request and
response operation. User make a request for geoprocessing from
this layer and get response accordingly. The received response
can be in XML, GML, raster or vector format. Geospatial
functionalities like discovery and visualization of geospatial
data can also be performed from this layer.

3.2 Application Layer

This layer includes the development of web based geospatial
application which contains business logic. Two different
servers, i.e., web server and GIS server are used in this layer.
Apache Tomcat is used as the web server and GeoServer is used
as the GIS server. Web server handles the HTTP
communication and acts as the container for the GIS server. GIS
server handles the geospatial data and offers OGC services.

3.3 Data Layer

This layer contains the data based on the developed application.
It mainly includes vector and raster data. These geospatial data
are created by using QGIS which is an OSS.
PostgreSQL/PostGIS database is used to store the vector data. It
is an open source database which is used to store the spatial and
non-spatial data.
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Figure 2. Proposed WPS framework
4. PROTOTYPE DEVELOPMENT

OSS based prototype for the public health SDI is developed
which have the capabilities to provide the geoprocessing in the
web environment and is based on the framework discussed in
the previous section. Figure 3 shows the developed WPS
enabled prototype of public health SDI for Prayagraj city.
Following phases are involved in the development of public
health SDI prototype.

4.1 Data Collection and Geospatial Database Creation

This phase includes the collection of datasets and storing it into
a geospatial database. Spatial data collected for the study are
listed below:

i. Prayagraj district and tehsil boundaries are extracted from
the Survey of India (SOI) topographical maps using QGIS
software.

ii. Road network of Prayagraj city is digitized from the SOI
topographical maps.

iii. Ward boundary of Prayagraj city is extracted after
performing georeferencing of the ward boundary map, and
digitization on the ward boundary map..

iv. Land use and land cover (LU/LC) map is generated through
supervised classification of Multispectral Instrument (MSI)
sensor image (10m spatial resolution) of Sentinel-2A
satellite.

v. The hospital locations were not available. Hand held
Global Positioning System (GPS) based ground surevy was
carried out to get the location of 97 government and private
hospitals of Prayagraj city. For this purpose, handheld GPS
receiver with 2-5 meter accuracy was used. The survey data
is later converted into point shapefile.

Above data except LU/LC map are in vector shapefile format.
These vectors are uploaded into PostgreSQL/ PostGIS database
through pgAdmin interface.

4.2 OGC Service Implementation

This phase includes two main tasks which are: (a) the
publication of geospatial data at the server, and (b) analysis of
datasets through the processes invoked by the client. To do the
first task, GeoServer is used that published the public health
data. For this, a vector datastore of PostGIS is created in
GeoServer through which stored health data are published over
GIS server. Users can navigate the health data via WMS and
can access it via WFS. The uDig software is used to create the
SLD files which are the XML files that give the rules through
which data is rendered on the client screen.

The WPS task is done by adding GeoServer WPS plugin into
the GeoServer. This task represents the computational backend
for geospatial data. It includes three key components which are
data input/ output, geoprocessing and visualization. The
deployment of GeoServer enabled processes over the web
interface is done by using standardized WPS operations. List of
processes offered by GeoServer WPS extension is extracted by
using the GetCapabilities operation while the detail of each
process is obtained by the DescribeProcess operation.

4.3 GUI Development

This phase includes the development of web based public health
SDI application which is created using HTML, CSS, JavaScript,
JSP and OpenLayers. OpenLayers is a JavaScript library that
helps to create dynamic web maps.

Through web interface of developed WPS enabled prototype of
public health SDI, user can view, discover, access and process
the spatial data. The selection of WPS process, corresponding
inputs and output is shown in the left panel of the interface. The
layer uploaded on the server and processed WPS data is
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Figure 3. Developed WPS enabled prototype of public health SDI for Prayagraj city

displayed in the right panel of the interface. OpenStreetMap is
being used as a base map by default. All three layers ward, i.e.,
boundary layer, road layer and existing hospitals layer are
shown in this interface. Processed data layer displays the
processed result. User Geometry layer displays the user
generated geometries that can be drawn using drawing tool.

5. FUNCTIONALITIES OF WPS ENABLED PUBLIC
HEALTH SDI PROTOTYPE

Geoprocessing functionalities provided by the developed
prototype are discussed in this section. The WPS enabled public
health SDI prototype provides different vector and raster
geoprocessing operations which are described below:

5.1 Vector Operations

The developed prototype offers several vector functions through
WPS that can be performed on the vector data like proximity
analysis. Suppose, a user needs to identify 1 km area around the
existing hospitals. For this, the user will call the buffer
operation on the WPS server. This operation will create a buffer
around the feature of the given distance. This distance is either
given manually by the user or taken from some specific attribute
of the feature. The buffer operation performed on the public
health SDI prototype using WPS geoprocessing capabilities in
the web environment is shown in Figure 4(a). In this, necessary
inputs are given in the left panel of the interface and the
corresponding result is shown in Figure 4(b) where the red
points are the hospital locations and the orange circles are the
buffers or region of interests. User can get the final result in the
form of vector formats like shapefile, XML or GML. User can
visualize the outcome on the map or download it.

Several other vector WPS operations are featured on the public

health SDI prototype. These operations are listed below:

i. Bounds: It computes the bounding box of the feature. It is
the smallest rectangle that completely encloses the given
feature.

ii. Centroid: It computes the centroid coordinate of feature, i.e.

(Xcentroid, Yeentroid)

Clip: It clips the input feature according to the polygon

drawn by the user.

Dissolve: It is provided by CollectGeometries operation that

combines or aggregates the adjacent features.

v. Count: It computes the number of features in an input

feature.

Feature: It converts the user drawn geometry into a feature,

i.e., vector data.

Heatmap: It is a visualization tool that takes the vector data

and converts it into the interpolated raster surface.

Reprojection: This operation reprojects the feature into

another coordinate reference system as specified by the

user.

Nearest: It identifies the feature from feature collection that

is at the smallest distance from the user drawn geometry.

Vi.
Vii.

viii.

5.2 Raster Operations

The developed prototype also offers several raster functions
through WPS that can be performed on the raster data like
cropping or clipping. Suppose, a user needs to extract some
specific part of the raster layer. For this, the user will call the
crop operation on the WPS server and select the raster layer that
needs to be cropped. The layer will be cropped as per the user
drawn polygon. The crop operation performed on the public
health SDI prototype is shown in Figure 5(a) where the
necessary inputs are given in the left panel of the interface. In
this interface, orange polygon is showing the user defined area
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Figure 5(a). Clip operation on public health SDI using WPS Figure 5(b). Result of clip operation

that need to be extracted by the user. The corresponding result is vi. Polygon Vectorization (Polygon Extraction): It extracts vector
shown in Figure 5(b), which represent the clipped raster map. polygons from a raster based on user defined ranges.

The following raster WPS operations are also provided on the

public health SDI portal: 6. CONCLUSIONS

Overlay by addition (AddCoverages): It generates combined . .

raster map by addition of two raster maps. SDI is developed to process a large amount of spatial data. In
Overlay by multiplication (MultiplyCoverages): It generates the present (esearch, the concept of multi-tier client-server
combined raster map after multiplying the two raster maps. architecture is used for design and development of WPS
Normalization ~(NormalizedCoverages): It generates a enabled SDI framework to provide the capabilities of geospatial
normalized map of the input map. data processing and analysis on the web. The primary
Reclassification (RangeLookup): It reclassifies a raster map ~ importance of WPS interface is that the user can globally access
into user defined set of ranges. and process the data. WPS functionality is added in the SDI
Point Vectorization (RasterAsPointCollection): It extracts the ~ USing OSS like Apache Tomcat, GeoServer and PostgreSQL/
point features of the raster pixels. PostGIS. This research demonstrates the integration of WPS

into SDI through OGC compliant services. Several OGC
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services are also deployed in this SDI framework like WMS for
visualization, WFS for vector data editing, WCS for raster data,
and CSW for data discovery.

A prototype for public health SDI is also created based on the
developed WPS enabled SDI framework. For this purpose, a
geospatial database is created which consist of hospital
locations and their details, road network, among others. The
developed health SDI prototype will provide access to health
related data to the public through web based user-interactive
GUI along with providing the geoprocessing capabilities in the
web environment. The client can submit the data processing
request over the server and can visualize the result on the map.
Further, one vector and one raster WPS enabled process is
demonstrated in detail along with the short description of others.
The present research will help planners and decision makers in
smart health management.
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