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Abstract
In recent years there has been a sudden increase in the utilization and 
popularity of free and open source software (FOSS), applications 
and data sources in the field of geographic information system (GIS) 
and remote sensing (RS). The tools and functionalities provided 
by FOSS are comparable to their proprietary peers. In addition to 
being free of cost these software have a small learning curve and are 
customizable.  Except for some specialized functionalities, FOSS 
software provide almost all the tools required by a researcher for 
a general GIS and RS project.  Proprietary software, instruments 
like global positioning system (GPS), camera etc and Satellite 
data are usually costly and cover a significant part of the project 
expenses. Large amount of time is also consumed in acquiring 
these resources. This paper reviews and lists important FOSS 
software with plug-ins, Android apps and data sources necessary 
for a researcher or a student to undertake a research work /project 
with least cost and time.  
The software has been divided into various categories depending 
on the use e.g. desktop and analysis, database management, 
statistics, customized desktop and web GIS software application 
development etc. 
A simple android phone can act as a GPS and a camera. The 
android apps in the mobile phone will assist to collect data like 
latitude, longitude, speed, direction, photographs and other 
ancillary information.  In addition to data collection, apps like 
Google maps can also help in the field verification, navigation 
and ground truth surveys.
The free data sources will help the researcher’s or students to 
download satellite imagery and vector data for their research work. 
In this paper the scope of the free data sources is limited only to 
the geo-spatial data.  
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I. Introduction
This paper reviews free and open software, mobile apps and data 
sources in the Geoinformatics realm. It also lists free tutorials 
related to GIS and remote sensing.

A. Software
Free and Open Source software are becoming popular day by 
day. These software can be freely used, modified and distributed.  
In addition to the above advantages, FOSS software’s quality is 
continuously improving as various developers are updating it in 
real time.  We can customize the software according to our needs. 
Also, we are not locked in to use a particular vendor’s system that 
only works with their own software.
The main disadvantage of using open source software is that 
nobody in particular is responsible for the software code so there 
is no exact assurance on when the bugs in the code will be rectified. 
These software are usually less user friendly and have poor support 
when things go wrong.   Also, malicious users can potentially 
view the code and exploit any vulnerability in it.

In this paper, the FOSS software have been divided into various 
categories like Desktop, GIS application development, Statistics, 
Database management etc 

A. Desktop Software
There are many software in the Desktop category. Quantum GIS-
QGIS [1], UDIG [2], Mapwindow [3] are popular for GIS whereas 
GRASS [4] and SAGA [5] are for remote sensing. QGIS is the 
most popular software. QGIS provides capabilities like spatial 
data creation, viewing, editing, and analysis. It allow the user to 
compose maps with different layers like raster, vector, web feature 
service (WFS), web mapping service (WMS) etc. The maps can be 
exported in formats like PDF, JPG, TIFF etc.  QGIS can be used for 
doing various analyses on raster and vector datasets like overlay, 
buffer, proximity, interpolation, band algebra etc. ESRI Arc GIS 
is one of the most popular commercial GIS software available in 
the market. There are many plug-ins available for QGIS which 
act as additional tools in the software and can be downloaded 
from [6]. These plug-ins are customizable and a list of the most 
popular plug-ins is given below and shown in Fig 1.

Open Layer Plug-In: This Plug-in allows the user to load • 
base-map from different map providers like Google, Bing, 
Yahoo, OSM (Open Street Map).
PCA (Principal Component Analysis) Plug-In : This plug-in • 
identifies duplicate data over several datasets. Only essential 
information is aggregated into groups called “principal 
components”. 
Pin Point Plug-In: This Plug-in creates a pin (marker) with • 
an optional description where you click on the map.
Semi-Automatic Classification Plug-In: This Plug-in is • 
designed to accelerate the process of classification of multi-
spectral or hyper-spectral remote sensing data.
GPS(Global Positioning System) Plug-In :  This Plug-in helps • 
to  display the data extracted from a GPS, way points are 
displayed as point layer and routes and tracks as line layer.
Photo2shape Plug-In: This Plug-in  create point shapefile • 
from a set of geotagged images.
Molusce (Modules For Land Use Change Evaluation) Plug-• 
In :  This Plug-in is designed to measure and model land use 
change from classified images.
Rastercalc Plug-In: This Plug-in is used to perform raster • 
algebra operations like to calculate NDVI(Normalized 
Difference Vegetation Index), NDWI(Normalized Difference 
Water Index ), SAVI(Soil Adjusted Vegetation Index) etc.
Gearthview Plug-In: This plug-in displays the view of the • 
layers added to the QGIS environment in Google Earth. 
Google earth need to be installed to use this plug-in.
Go2streetview Plug-In: This Plug-in allows to get a window • 
with Google Street View or Bing Bird’s Eye by clicking and 
dragging the cursor on map to set location and direction of 
the desired view.
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Fig. 1: Popular QGIS Plugins

B. Statistics/Analytics Software
There are various spatial analytics/data mining software available 
on the Internet. The website [7] provides many software for 
geographic knowledge discovery from spatial datasets with 
human-computer collaboration for research purpose. Only few 
related software are described in this paper. One of the software 
called SOMVIS is used for multivariate mapping and visualization. 
[8] carried out a study in the field of spatial data mining using 
SOMVIS. VIS-STAMP is a Visualization System for Space-Time 
and multivariate patterns. REDCAP is used for regionalization 
with constrained clustering and partitioning while EntroMap is 
used for detecting spatially varying multivariate relationships.
GeoDa is a free, open source, cross-platform software program 
that serves as an introduction to spatial data analysis; it along with 
other software can be downloaded from [9].
R and Python language along with various spatial extensions e.g. 
PySAL(Python Spatial Analysis Library) can be used for spatial 
analysis.
SaTScan is a free software that analyzes spatial, temporal and 
space-time data using the spatial, temporal, or space-time scan 
statistics. It can be downloaded from [10].
SpatialHadoop is an open source MapReduce extension designed 
specifically to handle huge datasets(Big data) of spatial data on 
Apache Hadoop (http://spatialhadoop.cs.umn.edu/).
The terms and conditions for the use of the software are different 
for each package and need to be read carefully by the researcher 
before its use. The software is available only for study/research 
purpose.

II. Application Development
Software in this category is divided into three parts: Back-end, 
front-end and Middleware. Back-end is the database where all 
the data is stored, front end tools are used to create the graphical 
user interface (GUI) with the help of which the user interacts with 
the system and also contains the application logic, and lastly the 
middleware acts as a link between the back-end and frontend. 
There are many software/tools/languages in each category but 
only the most popular are listed in this paper.

A. Web

1. Front-End
A combination of the below given tools is  required to build the 
GUI and the application logic.

HTML: HTML stands for Hypertext Mark-up Language. • 
Every web page on the Internet is written using one version 
of HTML code or another. HTML pages are viewed through 
a browser.
Javascript: JavaScript is a lightweight, interpreted • 
programming language with object-oriented capabilities 
that allows you to build interactivity into otherwise static 
HTML pages.
Open Layer-Javascript API [11]: Open Layers is an open • 
source, JavaScript framework for generating dynamic maps. 
The Open Layers API has two concepts ‘Map’, and ‘Layer’. 
An Open Layers Map stores the following information about 
the maps like default projection, extents, units etc. The Layer 
is a data source for the map.
PHP [12]: -The PHP Hypertext Pre-processor (PHP) is a • 
programming language that allows web developers to create 
dynamic content that interacts with multiple databases like 
MySQL, PostgreSQL, Oracle, and Microsoft SQL-server. It 
is a server side scripting language that is embedded in HTML 
and is used to manage dynamic content, databases, session 
tracking, even build entire e-commerce sites.

2. Middleware
One of the below given tools is required in an application.

MapServer [13] :- It is an open source platform for publishing • 
spatial data and interactive mapping applications to the 
web.
GeoServer [14] :- It is an open source software server written • 
in Java that allows users to share and edit geospatial data. 
Designed for interoperability, it publishes data from any major 
spatial data source using open standards.

3. Back-end
One of the below given tools is required in  an application for 
storing and managing the spatial and non-spatial data. 

PostGreSQL [15] : PostgreSQL is a powerful, open source • 
object-relational database system that has bindings for many 
programming languages such as C, C++, Python, Java, PHP, 
Ruby. It runs on all major operating systems. Post GIS [16] 
adds support for geographic objects to the PostgreSQL 
database. 
MySQL [17] : MySQL is a popular open source relational • 
database system used for storing data  of web applications. 
It also supports spatial data.

B. Desktop
DOTSPATIAL [18] is a GIS library written for .NET 4.0 
framework. It is used to build desktop GIS applications to display, 
browse, edit geo-spatial (raster and vector) and attribute data using 
the Microsoft’s Visual Studio environment. It also provides the 
developer with the libraries to add various geo-processing tools 
in the application. It is an open source project. [19] has provided 
a method to create a desktop GIS for research purpose using 
DotSpatial. Custom GIS applications can also be build using QGIS 
and python programming language. 
In addition to the individual tools there are also frameworks (with 
reference to Web GIS) available on the internet which provide all 
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the above given front-end tools in a single package e.g. p.Mapper 
and Geomoose. Using these frameworks the GIS application can 
be developed within a short period of time. [20] has reviewed a 
method to create a web GIS using pMapper and Mapserver.
Details regarding other free/open source software for GIS and 
remote sensing are available at the following links: [21] and 
[22].

III. Mobile Apps
There is a variety of mobile apps available for the GIS and RS 
domain. The most popular ones are listed below, can be downloaded 
from Google play store [23] free of cost and shown in Fig 2.

Fig. 2: Popular Android Apps

A. Data Collection Apps
AntiMap Log:- AntiMap Log is an android application • 
for collecting, recording and visualizing data like latitude, 
longitude, compass direction,  speed (kph),  distance (kms),  
time (milliseconds). It allows recording the field visit. 
Recorded data is saved as a CSV file.
GPS Logger: GPSLogger uses the GPS capabilities of the • 
Android phone to log coordinates to a GPS or KML file at 
regular intervals. It is useful to geotag the photographs and 
share the travel route.
ODK Collect: ODK is very useful android application for • 
collecting the data like text, pictures, video, audio and location. 
This Application in addition to the ODK Aggregate, can be 
used for survey, field and many other purposes. Collected 
data can be sent to your own server or Google Drive and 
can be viewed as KML or CSV files. More details regarding 
ODK are given in [24]. 
Geopaparazzi: The fast field survey application that fits in • 
the pocket for Android. It is also useful for tourists who want 
to keep a geo-diary.
Funf Journal: is a data collection app which collects data about • 
the user’s device sensors, environment and behaviour. The 
app supports importing and exporting of probe configurations, 
as well as remote configurations (with user permission).

B. GPS/Navigation Apps
GPS Fields Area Measure: GPS Field Area Measure is useful • 
as a map measurement tool.  It is useful to calculate the area 
of a vacant plot, field area, trip planning, agricultural fencing 
planning etc . 
Locus Map Free - Outdoor GPS:  It is an outdoor navigation • 

app. It provides various features like viewing topo maps 
offline, track routes, hunt geocaches, use a voice guide etc.
GPS Status: This app shows information from the GPS receiver • 
and speeds up GPS fixes on Android. Provided information 
includes the position, number and signal strength of satellites, 
current coordinates, GPS accuracy, speed, acceleration and 
bearing. 
GPS Essentials: It is one of the complete GPS tool for • 
android: Navigate, manage waypoints, tracks, routes. Shows 
navigation values such as: Accuracy, Altitude, Speed, Battery, 
Bearing, Climb, Course, Date, Declination, Distance, ETA, 
Latitude, Longitude, Max Speed, Min Speed, Actual Speed, 
True Speed, Sunrise, Sunset, Moonset, Moonrise, Moon 
Phase, Target, Time, TTG and Turn.

C. Augmented Reality App
Satellite AR: Satellite AR app allows the user to simply point • 
the android device into the air and take a look around at all 
the satellites we never knew were there. It is a virtual reality 
app. 

IV. Data Sources
The data sources listed in the paper can be used to download raster 
and vector datasets. The terms and conditions for the use of data 
are different for each data source and need to be read carefully 
by the researcher before its use. The data is available only for 
study/research purpose.

A. Raster
The FOSS software Global satellite imagery like LANDSAT (OLI, 
ETM, TM, MSS), ASTER (DEM) can be downloaded using the 
EARTH EXPLORER Website which has the link [25]
Download free Indian satellite data like LISS-III, AWIFS and 
CARTOSAT can be downloaded using the ISRO’s Bhuvan Portal 
at the given at link [26].

B. Vector
The FOSS Open street map data in the form of shapefiles can be 
downloaded from the following link i.e. [27].

V. Tutorials/Study Materials
Few tutorials and study material related to geoinformatics are 
given below:

The Tutorial regarding the basics of remote sensing and GIS • 
by the Canada Centre for Mapping and Earth Observation 
can be downloaded from the link [28].
The NIC has also prepared a primer on GIS. [29]• 
Tutorials For creation, editing and analysis of spatial data in • 
QGIS can be downloaded from [30].
Coursera [31] also has conducted free courses like From • 
GPS and Google Maps to Spatial Computing and Geospatial 
Intelligence & the Geospatial Revolution in the past. Kindly 
check the website regularly for new courses.
EBook on Remote Sensing Applications (Agriculture, • 
Land use and Land cover Analysis, Forest and Vegetation, 
Soils, Urban and Regional Planning and Water Resources 
Management etc) by National Remote Sensing Centre, can 
be downloaded from the given link [32].
NPTEL (National Programme on Technology Enhanced • 
Learning) Government of India Website also provides a basic 
course on remote sensing [33].
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