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Abstract

The online geoprocessing and analysis using state-of-the-art technology are offering automated analytical tools to a large group of
users. This paper describes an online geoprocessing and analysis framework, which allows an inexperienced user to perform
unsupervised classification of remote sensing data. The parallel computing based geoprocessing and analysis framework adopted
in this work has been implemented using Free and Open Source Software for Geospatial (FOSS4G). Web Processing Service
(WPS) based geoprocessing framework facilitates the deployment of unsupervised classification algorithm on the web in a
standardized way. However, it is dynamic in nature to deploy other geoprocessing algorithms. The developed system describes
how to process remote sensing data (Sentinel-2, Landsat-8, etc.) for classification and sharing the interoperable results in a
distributed environment. To validate the classification results, a prototype architecture based on participatory GIS is developed
for field data collection, accuracy assessment and online dissemination. The accuracy assessment (i.e., overall accuracy, Kappa

coefficient) is performed to validate the derived classification results using collected field data.

Keywords Distributed GIS - Parallel computing - Unsupervised classification - Web processing service - Participatory GIS

Introduction

The web GIS based portals provide uniform and central-
ized interfaces to access the heterogeneous and distributed
data archives (Karnatak et al. 2012; Sun et al. 2016). The
different types of web GIS portals are available for
geovisualization and querying for specific theme and are
targeted to specific class of users (Rathore et al. 2010;
Porta et al. 2013; Dhamaniya et al. 2016; Singh and
Garg 2016). The developed geoportals do not satisfy the
requirements of geoprocessing and analysis in the distrib-
uted environment. The number of distributed GIS portals
focusing on geoprocessing and analysis are very less. At
present, distributed GIS-based systems are very much re-
quired to facilitate online geoprocessing and analysis for
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various geoscientific applications. The Open Geospatial
Consortium (OGC) has published various Service
Oriented Architecture (SOA) based geoprocessing stan-
dards for data dissemination, geovisualization,
geoprocessing, etc. (Li et al. 2011). The exchange and
collaboration of geospatial data are performed by OGC
web services such as Web Map Service (WMS), Web
Coverage Service (WCS), Web Feature Service (WFS),
Web Processing Service (WPS), etc. (Castronova et al.
2013). The interoperability of network-enabled
geoprocessing and analysis is carried out with the utiliza-
tion of OGC based WPS standard. It provides a web-
based method for all kind of geoprocessing and analysis
including any algorithm or geocomputation model that
operates on georeferenced data. It allows organizations
to deliver geoprocessing and analysis operations as well
as web processing model to users independent from the
underlying software (Michaelis and Ames 2009; Giuliani
et al. 2012; Bastin et al. 2013; Singh et al. 2017). The
implementation of online geoprocessing is performed with
the WPS framework such as 52° North WPS, ESRI
ArcGIS Server, PyWPS, etc. The WPS frameworks de-
pend on the different development environment and
have their pros and cons. Karnatak et al. (2017) described
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in detail about WPS based geoprocessing architecture at
the conceptual level.

At present, mostly unsupervised classification methods on
remote sensing data are performed on desktop-based systems
(Flanders et al. 2003; Long and Srihann 2004; Sun et al.
2016). The unsupervised classification, an efficient approach
for information extraction on images has already been per-
formed as image analysis software tool in Commercial Oft-
The Shelf Software (COTS) based desktop software system,
e.g., ArcGIS, ENVI, ERDAS, etc. The critical disadvantage of
this type of software is operational cost while upgrading pre-
vious versions and performing specific geoprocessing opera-
tions. Most of them are platform dependent and require tech-
nical skills for performing geoprocessing operations. The dis-
tributed GIS-based geoprocessing systems, which can be
accessed from anywhere with the Internet connection, are
platform-independent and allow the domain expert to focus
on geoprocessing algorithms instead of software tools. These
software offer many advantages over COTS-based desktop
software system such as accessibility, interoperability, support
for real-time spatial analysis, sharing geoprocessing services,
etc. (Dubois et al. 2013; Karnatak et al. 2017). Hence, the
development of online geoprocessing system has been identi-
fied as an important research paradigm to facilitate remote
sensing data classification for common users. Furthermore,
the demand of parallel computation based on satellite data is
constantly increasing with the rise of big geospatial data for
application of geoprocessing and analysis (Qin et al. 2014,
Astsatryan et al. 2015). In high performance and parallel com-
puting approach, the geospatial dataset is divided into smaller
objects and one object is assigned to each processor, each
object is computed independently of the others. After that, it
combines the derived results of several geocomputation into
the final output (Giuliani et al. 2012; Singh et al. 2017).
Furthermore, the sharing and dissemination of geospatial data
on the web have triggered a great impulse. After the evalua-
tion of Web 2.0 (O’Reilly 2007), Internet and Communication
Technology (ICT) evolved from traditional desktop-based
model to a collaborative model, where the user can interac-
tively create and share information contents (Brovelli et al.
2008; Brovelli et al. 2015). The OGC standards for interoper-
ability, i.e., WMS, WFS, WCS, WPS, etc., and state-of-the-art
technological development have revolutionized the field of
geospatial domain known as GeoWeb (Brovelli et al. 2008;
Haklay et al. 2014; Alonso et al. 2017). The GeoWeb has
developed very fast in the last decades and it is now common-
place for geospatial data and web application. It has opened up
a new dimension to distributed GIS application (e.g.,
mashups, volunteered geographic information or participatory
GIS). As a consequence, the term GeoWeb 2.0 is the new era
of interactive and dynamic tools for allowing user participa-
tion in managing geospatial data. Another remarkable boost to
this new era of GeoWeb 2.0 is given by the mobile devices
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provided with sensors (e.g., GPS receivers and cameras)
which are able to collect geospatial data and publish it in the
interoperable environment. The paradigm of participatory GIS
was initiated in the mid-1990s to describe the use of GIS as a
tool for public participation in decision-making processes
(Haklay et al. 2014). In the same way, it is described as an
incredibly fruitful platform in the scientific developments of
GeoWeb 2.0. As the requirements of the geoscientific appli-
cation for group decision making and validation, the develop-
ment of participatory GIS tool is required to visualize
geospatial information collected in situ from the mobile de-
vice (Maisonneuve et al. 2010). The received data through
participatory GIS can be used for many applications, includ-
ing Land Use Land Cover (LULC) map validation.

This paper has proposed distributed GIS-based system
framework to demonstrate parallel unsupervised classification
using remote sensing images. The framework is generic and is
based on Free and Open Source Software for Geospatial
(FOSS4G). 1t is developed by using a processing backend of
R programming language and statistical computing environ-
ment using 52° North Web Processing Service (WPS4R)
framework (R Development Core Team 2016). The developed
framework comprises an efficient geoprocessing engine to de-
ploy and execute unsupervised classification algorithm. In par-
ticular, this is an exercise on one classification algorithm, but
the geoprocessing methodology used in this study can be rep-
licated for other geoscientific applications. Hence, it is robust
and scalable to deploy any algorithm and geocomputation
Here, the crucial steps are demonstrated using different
modules, especially geoprocessing engine. An annotated
R-script of unsupervised classification algorithm using
random forest is deployed under the geoprocessing frame-
work. The parallel computing based on classification algo-
rithm is performed to improve the efficiency and capability
of geoprocessing engine.

Initially, the geospatial datasets are published as web
services (WFS, WCS) for data access and interoperability.
Thereafter, the pre-and post-processing operations are au-
tomatically performed by the developed system for reduc-
ing the time and computational resources. Here, the distrib-
uted GIS-based parallel unsupervised classification algo-
rithm is implemented and demonstrated for geoprocessing
and analysis using remote sensing images (Sentinel-2 and
Landsat-8) of the Haridwar district of India. To access the
classification results, Graphical User Interface (GUI) of
online geoprocessing environment is implemented for
geovisualization, automation in raster symbology based
on the equal interval, downloading, etc. The developed
online software offers the ways for sharing and collabora-
tion the geoprocessing functionality with other distributed
GIS clients. To validate the derived results of classifica-
tion, participatory GIS tool is developed for field data col-
lection, accuracy assessment and interoperability. The
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collected field data is used as reference classes for LULC
map validation. The accuracy assessment is performed
with the collected reference classes and derived classifica-
tion results (Landsat-8, Sentinel-2) of the online
geoprocessing and analysis. The evaluation of classifica-
tion results is carried out with the accuracy assessment
parameters such as producer’s accuracy, user’s accuracy,
overall accuracy and Kappa coefficient. The experimental
work demonstrates the theoretical and practical aspect for
the future development and demonstration of an online
unsupervised classification system in an operational
environment.

Related work

The Spatial Data Infrastructure (SDI) is a framework of
geospatial data, metadata and tools that are connected to
utilize spatial data in flexible and efficient way
(Rautenbach et al. 2013; Yue et al. 2016). However, addi-
tional geoprocessing services on SDI is required for web-
based computation of heterogeneous and distributed spatial
data archives (Lanig and Zipf 2009). The WPS standard
based on the SOA paradigm facilitates to build an online
and interoperable geoprocessing environment. The various
case studies have used WPS standard to process remote
sensing data for different applications (Michaelis and Ames
2009; Giuliani et al. 2012; Castronova et al. 2013; Hinz
et al. 2013; Karnatak et al. 2017). In the same way, Chen
et al. (2012) have enabled WPS based geoprocessing frame-
work for remote sensing data processing and analysis. This
platform consists of GUI and a WPS layer for
geoprocessing. Another case study by Giuliani et al.
(2012) represented processing of distributed geospatial data
using OGC WPS specification. The concept of WPS is also
presented to develop, eHabitat, a computational environment
for ecological modelling (Dubois et al. 2013). An interoper-
able application for geoprocessing of remote sensing images
with the index, i.e., Green Atmospherically Resistant Index
(GARI), Normalized Difference Vegetation Index (NDVI)
has been developed with the utilization of Python program-
ming based geoprocessing framework (PyWPS) (Astsatryan
et al. 2015). PyWPS is written with support for GRASS
GIS, allowing from GRASS modules to run as
geoprocessing programs. The WPS specification support py-
thon programming language and environment. It is imple-
mented using Common Gateway Interface (CGI) based
scripting environment. Apart from this, an online spatial
biodiversity model has been developed as case study of
OGC WPS standard (Singh et al. 2017). However, very
few studies are available for the analysis of unsupervised
classification in online geoprocessing using OGC WPS
standard.

Unsupervised classification

Unsupervised classification is a type of pixel-based auto-
mated classification approach. The user specifies the num-
ber of classes, which depend on the numerical information
in the datasets (Smits et al. 1999; Maulik and Sarkar
2012; Quirita et al. 2016). The clustering algorithm is
used to group the image pixels based on their spectral
similarity. The computation procedure of unsupervised
classification algorithm is commonly automated.
However, the users need to control over specific inputs.
It comprises the maximum iterations, (how many times
the classification algorithm runs), number of classes, etc.
After the image data classification, the user needs to in-
terpret and analyze, merge classes and provide symbology
accordingly. The cluster classification approach is rela-
tively quick and easy to run (Zehtabian and Ghassemian
2017). In this approach, the classes are generated purely
based on spectral information and it is not subjective as
manual visual interpretation. The schematic representation
of the unsupervised classification using activity diagram
is described in Fig. 1. Each band of satellite imagery
(Sentinel-2, Landsat) as input tiles is published as data
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Fig. 1 Activity diagram of unsupervised classification approach
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services in GIS server. Also, the pre-processing operations
such as crop/mask and downloading AOI are performed
and resampling operation is carried out to similar scale
and resolution. Thereafter, layer stacking is performed
for random forest-based unsupervised clustering. Merge
spectral classes, if required and level cluster correspond-
ing to LULC classes. The classes are automatically gen-
erated using assigned raster symbology of the derived
results as the post-processing GIS operations of the
geoscientific application workflow. Further, there are
many algorithms for unsupervised classification (random
forest, K-means, etc.); each algorithm can cluster pixels
into spectral classes for a better outcome. Also, subjective
human intervention is the key method to label clusters
corresponding to information classes. The optimal classi-
fication results generally require the human observation
and fine-tuning approach. Based on the procedures of
the pixel-based unsupervised classification, this study pro-
poses an online geoprocessing and analysis framework for
unsupervised classification in next section.

Materials and methods

In the present study, the distributed GIS-based framework is
developed which comprises five modules such as input data,
parallel processing, geoprocessing engine, GUI and services.
The five modules mutually communicate effectively with ICT.
Here, the input data module is responsible for storing the
datasets in the database server and publishing the data as
OGC web services via geospatial data server (local server or
remote server). The parallel processing is used to facilitate the
algorithms quickly, efficiently and reliably. The geoprocessing
engine provides an environment to execute the algorithm and
geocomputation model on the web in a standardized way. The
GUI module is responsible to request/response operations
with users and sends their request to the geoprocessing mod-
ule and return a response to the user’s browser. The service
module provides the data and geoprocessing services to the
other clients. The proposed system architecture for standard-
ized web-based geoprocessing service of the unsupervised
classification algorithm is given in Fig. 2. This study provides
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a generic approach to process algorithms in the parallel com-
puting environment, which is based on the linkages of R sta-
tistical computing and OGC WPS using 52° North WPS4R
framework. To achieve the unsupervised clustering, the devel-
oped online application is effective in all the aspects of
geoprocessing and analysis in a single integrated environ-
ment, i.e., interoperability, scalability, high performance and
parallel computing, reusability, flexibility, distributed comput-
ing and real-time field data collection using participatory GIS
approach. The detailed description of each module is given in
the following section.

In this study, the remote sensing images (Sentinel-2 and
Landsat-8) of the year of 2017 are evaluated for the unsuper-
vised classification. In order to perform data dissemination
and interoperability, Sentinel-2 data bands (28, 11-12) and
Landsat-8 data bands (1-7, 9) are considered and published as
WCS using geospatial data server, e.g., GeoServer (http://
geoserver.org/). The vector data of the Area of Interest
(AO]) is also published as WFS to determine the extent of
the study area. Therefore, the developed geoprocessing frame-
work facilitates to integrate input datasets through distributed
geospatial information service archives using local or remote
geospatial server. Besides, the user can also upload the remote
sensing datasets into the application server repository from the
local file system. Furthermore, the pre-processing operations
(i.e., crop/mask, downloading, resampling, etc.) are carried
out to prepare input datasets for the unsupervised classifica-
tion algorithm. Here, the concept of parallel programming
paradigm is used to enhance the performance of the algo-
rithms. The purpose of parallelizing the algorithms is to re-
duce the time needed to derive the output while the quality of
the output is the same as in the algorithm which is sequential.
In order to obtain parallel programming in proposed algo-
rithm, the input datasets are divided into multiple-core and
then the cores (processes) compute the results independently.
After that, it merges the derived results into final result from
all the computing process. The advantage of this approach is
to enhance the computational efficiency to handle large-scale
geospatial datasets. Here, R programming language and sta-
tistical computing environment are used to develop
geoprocessing engine for high performance and parallel pro-
cessing. The geoprocessing engine is responsible for online
geoprocessing and analysis in the parallel computing environ-
ment. The 52° North WPS4R enables the R programming
backend and deployment environment for geoprocessing on
the web in a standardized way. The framework considers the
annotated R-script of the experimental algorithms with the
post-processing operations, which are automatically per-
formed in order to obtain classified results. Once the process
is complete, the derived results can be stored as accessible
web resources (WMS, WCS and WPS) or can be downloaded
as classified raster layer, which is generated through automatic
classification approach to facilitate raster symbology.

As an experiment of online geoprocessing, the unsuper-
vised algorithm is deployed by the administrator as module-
1. Other algorithms can be deployed and integrated as mod-
ules-2, module-n, if any. Here, TCP/IP protocol allows binary
request/response to be sent to R statistical computing environ-
ment. The package Rserve supports remote connection, file
transfer and user authentication. The geoprocessing frame-
work is deployed under the execution environment of web
server, i.e., Apache tomcat server. The web server manages
sessions and provides an execution environment across the
high-speed network. Similar to the desktop-based unsuper-
vised classification systems, GUI of web-based unsupervised
classification system essentially includes request/response en-
vironment. At the end, the module, service is responsible for
sharing data service (WMS, WFS and WCS) and
geoprocessing service (WPS of unsupervised classification)
to the other distributed clients. It exploits the power of distrib-
uted geoprocessing of geospatial data located anywhere on the
Internet and allows organizations to reuse the same
geoprocess (algorithms) for multiple applications. The acces-
sibility of geoprocess can be restricted using a variety of se-
curity mechanisms such as HTTPS and firewalls. In order to
qualitatively evaluate the classification results, the distributed
GIS-based system is developed by using FOSS4G such as
HTMLS5, PHP, OpenLayers, GeoExt, ExtJS, MapServer,
GeoServer and PostgreSQL along with PostGIS database
server.

Furthermore, the participatory GIS-based prototype is de-
veloped for validation data collection on the field in the real-
time environment. The detailed description of system archi-
tecture of participatory GIS is shown in Fig. 3. The developed
prototype is a web application allowing mash-ups, collecting,
editing, uploading, geovisualization, sharing using FOSS4G.
The functionality of the developed system is: a allow users to
collect geotagged multimedia data (e.g., text, location, image,
audio) on the field; b store and manage collected geospatial
data into spatial database server as a repository and publish it
on the web through GIS web services; and ¢ set up client
interface for geovisualization (e.g., web, desktop). During this
study, the participatory GIS is developed using ODK suite
which offers a set of tools to manage mobile data collection.
It is composed of three modules: ODK Build, ODK Collect
and ODK Aggregate. On the basis of these modules, it is
divided into the client (ODK Build, ODK Collect) and the
server (ODK Aggregate) components. The ODK Build mod-
ule is a graphical drag and drop interface for creating simple
forms. Here, the field data collection for validation of LULC
map is carried out where users need to provide basic informa-
tion such as the unique_id, date, GPS location, LULC classes
(i.e., forest, agriculture, settlement, water body, etc.) and im-
age. The ODK Aggregate module is deployed using Apache
Tomcat Server and the administrator allows creating new
users and managing their privileges (e.g., export, view, upload
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Fig. 3 The system architecture of participatory GIS. The field data
collection is carried out in the real-time environment for validation of
the derived results. The screenshots of ODK collect App on the
smartphone are reporting LULC information: a LULC class, b GPS lo-
cation, ¢ Captured image, d Upload results to the online repository of

and delete information). The ODK Collect module allows
users to perform field data collection using mobile device. It
makes data collection easy by including get blank form, fill
blank form, edit saved form, send finalized form, view sent
form, etc. The collected and compiled field information is
stored to spatial database server (e.g., PostgreSQL and
PostGIS). The geospatial attributes of spatial database server
is published in GeoServer environment for interoperability
using OGC standards. Here, OGC Style Layer Descriptor
(SLD) standard is published in GeoServer to manage the ap-
pearance of geospatial data. The distributed GIS-based viewer
is developed to geospatial data visualization and querying.
The WMS layer represents LULC classes with name and sym-
bol. When clicking on a point feature, a WFS GetFeaturelnfo
request is performed to retrieve collected information. The
suitability of the participatory system is tested in LULC map
validation, i.e., field data of LULC classes, location, images.
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ODK Aggregate server. The geospatial data results are then published in
GeoServer environment. The server is designed for interoperability and
allows publishing geospatial data using OGC standard (e.g., WMS,
WES). The distributed GIS client can now access the network-enabled
data for geovisualization and querying

The collected field data can be used for accuracy assessment
of LULC map.

Experimental results

Web-based geoprocessing standard (OGC WPS) provides a
standardized service interface to publish and perform
geoprocessing and analysis over the network. The SOA based
scientific geoprocessing of unsupervised classification is car-
ried out with the framework of 52° North WPS4R. The frame-
work is available as open source implementation and supports
multiple processing backends, i.e., WPS4R, GRASS GIS,
Sextante Spatial Data Analysis Library, etc. WPS4R process-
ing backend depends on annotated R-script of the algorithms.
Initially, the R-script of unsupervised classification is annotat-
ed by setting inputs and outputs parameters. The algorithm
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adopts high-performance computing in order to process large
datasets quickly and efficiently. The speedup and efficiency of
the algorithm depend on the multi-core in the system. For
example, the four cores (multi-core) of the system are consid-
ered for parallel processing. In order to develop a parallel
computing framework, the remote sensing datasets are sub-
divided into four smaller tiles to be run in parallel and each tile
is assigned to an independent processor, where the processing
object computes the algorithm independently. After that, it
merges the four independent derived results into a single and
final result. The parallel computing with R is carried out with
the libraries, i.e., parallel, foreach, doParallel, etc. In the ex-
periment of unsupervised classification, the framework is pro-
cessing only one algorithm while it is interoperable, reusable
and scalable for different geoprocessing algorithms for remote
sensing and GIS applications. The online geoprocessing ex-
periment is performed for the unsupervised algorithm compu-
tation for the satellite images (Sentinel-2, Landsat-8) of
Haridwar district of Uttarakhand state in India. However, the
algorithm and framework are location independent for any
type of geoprocessing. In order to compute algorithms, the
important steps are described in three scenarios as discussed
below:

In the initial scenario, the input datasets are published as
OGC web service and integrated into the algorithm. The input
datasets viz. polygon geometry of Haridwar district of
Uttarakhand state in India; Sentinel-2 datasets are integrated
as WFS and WCS, respectively in geoprocessing algorithm.
Apart from this, it can also be uploaded as local system files in
the server repository for geoprocessing. The pre-processing
GIS operations, i.e., crop/mask, resampling, etc. are carried

out to bring the datasets in similar resolutions. In the second
scenario, the annotated R-script of unsupervised classification
is generated with the input datasets (Sentinel-2, Landsat-8).
The derived output of unsupervised classification using
Sentinel-2 datasets is shown in Fig. 4.

The automated raster symbology operation is performed
with the classification maps. Hence, the output is symbol-
ized in the classes such as forest/mixed plantation, settle-
ment, waterbody, cultivated land, riverbed and fallow/open
land. Another annotated script using Landsat-8 dataset is
computed for unsupervised classification. Similarly, the
other output is also symbolized as similar classes that of
Sentinel-2 data. Figure 5 represents the unsupervised clas-
sification result using Landsat-8 datasets. Once
geoprocessing of the algorithm is complete, the output is
stored in the specified working directory and then return to
the user’s browser for geovisualization and downloading.
For geovisualization, the user can access the output map in
an interactive and responsive environment. The online
geovisualization of the outputs is demonstrated in Fig. 6.
The detailed description of the classes and corresponding
area with computation time is shown in Table 1.

It is observed that the computation time of unsupervised
classification algorithm with Sentinel-2 datasets is more as
compared to Landsat-8 dataset. It has occurred due to large
number of pixels in Sentinel-2 data as well as resampling
operation to obtain similar resolution. In addition, the algo-
rithm computes different percent area of LULC classes in the
same landscape. It has occurred due to variation in spectral
characteristics into clusters of the various types of remote
sensing datasets.

Fig. 4 Unsupervised 77°36'
classification using Sentinel-2
datasets 30°12°
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Fig. 5 Unsupervised 77°36'
classification using Landsat-8

datasets
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The most widespread classification accuracy technique is
error matrix, which is used to describe a series of analytical
and descriptive statistics (Smits et al. 1999). This method is
very useful to represent accuracy assessment of classification
map. The accuracy of a LULC classification map is the degree
to which the map is acceptable with the reference LULC clas-
sification (e.g., ground truth). The users of classification maps
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need to know how accurate the derived maps are in order to use
the geospatial map information more efficiently and correctly.
Here, the accuracy assessment is performed by comparing the
map generated by online geoprocessing and analysis to refer-
ence geospatial data collected using participatory GIS ap-
proach. The validation of derived classification map is carried
out with the overall accuracy, users, accuracy, producers
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Fig. 6 A distributed GIS-based framework of the derived output of un-
supervised classification. It provides an interactive/responsive user inter-
face for geovisualization, geocoding, etc. The experimental result is pub-
lished as GIS web services with legend panel. It automatically computes
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raster symbology of the derived results. Here, the democratization of
unsupervised classification (Sentinel-2) result is mapped with obtained
LULC classes
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Table 1 The results of unsupervised classification system (area and computational time)
Classes Area% (Sentinel-2)  Area% (Landsat-8)  Landsat-8 Sentinel-2
Sequential Parallel Sequential Parallel
Forest/Mixed Plantation ~ 36.45 37.50 76.34 (Second)  30.67 (Second)  548.65 (Second)  219.21 (Second)
Settlement 7.01 10.24
Waterbody 0.90 0.96
Cultivated Land 38.06 36.04
Riverbed 4.25 143
Fallow/Open Land 13.38 13.80

accuracy and Kappa statistics. The accuracy assessment param-
eters of the derived classification maps are shown in Table 2.

Discussion

In general, most web GIS applications focus on data dissem-
ination, geovisualization and querying. The web GIS based
geoprocessing system for remote sensing and earth observa-
tion data processing and analysis have been customized on a
COTS platform and have the limitation of adaptability, plat-
form dependency, etc. To address these problems, online im-
age processing system using open source technology has been
implemented and demonstrated during this study to provide
an environment for real-time geospatial data processing, reus-
ability, flexibility, scalability and distributed computing. The
most suitable geoprocessing framework 52° North WPS4R
comprises statistical computing using R programming and
WPS for online geoprocessing. Based on the literature review,
the proposed geoprocessing framework is updated and is suit-
able for the implementation and demonstration of remote
sensing algorithms. The WPS4R based on OGC WPS stan-
dard and R backend provides an integrated environment for
geoprocessing in a standardized way. The developed
geoprocessing framework is generic and dynamic in nature
and can be applied for other geoscientific applications. In ad-
dition, pre-and post-processing operations are automatically

performed by the developed system, which is most time and
resource consuming task in any modelling and analysis of
geospatial data. The experimental run of the algorithm of un-
supervised classification for study area has illustrated that the
interoperable system has been able to acceptably quantify
LULC classes, i.e., forest/mixed plantation, settlement,
water body, cultivated land, riverbed and fallow land/open
land. However, the algorithm requires some deep learning
based optimization for extracting the LULC features in an
efficient manner. As a result, the developed system has been
successfully tested and evaluated with the latest version of
browsers in the market such as Chrome, Firefox, IE, etc.
Here, the online application is running with the hardware ca-
pability as Intel(R) Xeon(R) CPU E5-2630 v4 @ 2.20GHz (8
CPUs), ~2.2GHz, 16 GB RAM and Ubuntu 14.04 as OS. In
order to improve the performance of the online application,
parallel processing based algorithms of unsupervised classifi-
cation are deployed under the environment of geoprocessing
framework to cope with the large-scale remote sensing data
requirements. In order to reduce redundancy in data and pro-
cessing services, the datasets services (WMS, WFS and WCS)
and processing services (geoprocessing of unsupervised clas-
sification) can be shared and consumed by other GIS clients.

Furthermore, participatory GIS is developed and integrated
with distributed GIS environment for the validation of derived
results of the unsupervised classification algorithm. The im-
plemented architecture is developed using FOSS4G tools. The

Table 2 Accuracy assessment of

derived unsupervised Landsat-8

Sentinel-2

classification maps

LULC Classes User Accuracy  Producer Accuracy  User Accuracy Producer Accuracy
Forest/Mixed Plantation ~ 89.47 58.62 84.21 61.53

Settlement 57.89 68.75 63.15 80.00

Water Body 50.00 42.85 83.33 71.42

Cultivated Land 46.66 53.84 66.66 76.92

Riverbed 45.45 100.00 72.72 100

Fallow/Open Land 81.81 81.81 45.45 41.66

Overall Accuracy 64.19 Overall Accuracy  69.13

Kappa Coefficient 0.55 Kappa Coefficient ~ 0.61

@ Springer
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updated and real-time information of LULC classes (forest,
agriculture, settlement, etc.) is accessed through participatory
GIS system which is valuable for effective decision-making.
The validation shows that the Kappa coefficient of classifica-
tion result for Sentinel-2 is 0.61 and Landsat-8 is 0.55, which
is acceptable in Kappa accuracy.

This online geoprocessing application demonstrates that
the proposed approach is efficient to characterize LULC clas-
ses obtained from unsupervised classification of remote sens-
ing data. The derived LULC classes demonstrate that if the
input/output parameters and algorithm are appropriate, the
derived outputs of online unsupervised classification system
may have the same level of accuracy as the outputs of COTS
software. The difference has generally occurred with the time
spent on transferring and downloading geospatial datasets
over the network. If the online geoprocessing system is
accessed by multiple users simultaneously, the Internet con-
nectivity is slow, or remote sensing datasets are at the large-
scale, then the overall processing time will inevitably increase.
With the experimental analysis, it has observed that the online
image classification system has a good performance in a web
browser environment with no interferences. However, the web
applications may have unexpected circumstances such as per-
formance issues, poor network connectivity, hackers attack,
etc. This online application still requires the development of
better GUI in an operational environment.

During the study, the cloud-free satellite imagery (Sentinel-
2, Landsat-8) is downloaded and stored in the application
server repository. The similar dataset is published as data ser-
vice on the network and can be used for further geoprocessing
and analysis. Here, the satellite data assessment and
downloading process is not automated and is depending on
human judgments and insight. Also, the unsupervised classi-
fication algorithm is extended for handling cloud mask and it
can be considered for future implementation.

Conclusion and future prospects

This paper presents a robust and interoperable geoprocessing
framework with different modules for developing the distribut-
ed GIS-based unsupervised classification system. To demon-
strate and validate the online geoprocessing, the unsupervised
classification algorithm is implemented. The remote sensing
images (Sentinel-2 and Landsat-8) are tested on the developed
online system. The experimental and validation results identify
that the developed system can accomplish the unsupervised
classification of remote sensing datasets. The performance of
web application is mainly influenced by network status and
geoprocessing engine processing capabilities as it depends on
the number of cores. The online system has achieved good
computational speed through parallel processing based algo-
rithm and it will be a valuable initiative for large-scale data
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processing. The online unsupervised classification system is
helpful for common users with different conveniences. The
user can access and compute the unsupervised classification
of remote sensing data through updated browsers anytime
and everywhere but Internet connectivity is required.

Due to SOA based geoprocessing framework, it has also
become easy to share the geoprocessing services of unsuper-
vised classification to the other GIS clients. It reduces the re-
dundancy and allows the application developer to focus on GUI
rather than processing backend. Hence, it exploits the power of
distributed computing. This study discusses the advantages of
online classification and demonstrates a model to turn the pos-
sibility into reality. The online classification model can be con-
sidered as a prototype of interoperable geoprocessing services.
This geoprocessing service environment can also be integrated
with other geoscientific applications such as natural resource
management, agriculture yield estimation, etc.

In order to validate the classification results, an accuracy
assessment of derived LULC map is performed using partic-
ipatory GIS approach. The participatory GIS prototype is de-
veloped for providing access to field data collection, integra-
tion and accuracy assessment. It allows application users to
use their mobile devices to collect geospatial data related to
LULC references classes. The user-generated geospatial data
is migrated into the spatial database and then published as a
layer on the web for geovisualization and simple querying. In
addition, more image processing algorithms can be deployed
under the geoprocessing engine to serve the large group of
users in the future. For further development, the algorithm of
unsupervised classification can be optimized through deep
learning methods. In order to improve the GUI of the classi-
fication system, more development is needed to handle the
unexpected situation in an operational environment efficient-
ly. Furthermore, this study proposed theoretical and practical
aspects for geospatial community and developers to build op-
erational and efficient geocomputation model in future.
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