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ABSTRACT - Geographic information 
System (GIS) have become a tool with 
widespread use in numerous application 
based on location. GIS engine/ platform 
play a crucial role in designing & developing 
any location based service software or geo 
spatial analysis software. There are 
numerous proprietary / COTS GIS software 
available in the market, however they are 
not technically and economically viable due 
to various factors like proprietary data 
formats, limited flexibility in enhancement of 
functionalities, high price, large number of 
deployment sites (number of license) and 
limitation of run-time resources. Open 
source software provides ample potential to 
build application specific GIS software. All 
open source software including Quantum 
GIS are built to incorporate generalized 
requirements of GIS. However, to meet the 
requirements of Armed forces, apart from 
general GIS functionalities, QGIS is 
customized via various methods including 
new plug-ins development in C++ and 
Python and some core code/ open source 
plug-in tweaking. The developed software 
will enable the user to view, update, query 
and analyze geo-spatial information for 
effective operational planning. This paper 
illustrates development of a Military 
Application enabled GIS software for the 

Armed Forces by customizing Quantum 
GIS (QGIS).  
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1. INTRODUCTION: 

 
Geo-Spatial Intelligence (Geo-Int) has 
played a key role in operational planning 
and strategic decision making by the Armed 
Forces. For any defensive or offensive 
military operation, selection of favorable 
terrain/site along with other location based 
intelligence data is highly desirable and in 
many instances a force with much superior 
fire power and size may liable to lose 
because of negative impact of terrain. 
Terrain helps in mobility, deployment of 
forces, deception, camouflage and many 
other factors that are important for 
successful conduct of operation. 

Traditionally the Armed Forces have relied 
on paper based maps for planning and 
operations. They impose certain limitations 
on planners such as maps require 
continuous upkeep and maintenance, lack 
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of envisaging the impact of various thematic 
layers and their inter-relation, manual 
calculations and analysis and moreover 
such paper maps are subject to slow 
dissemination. Digital environment (working 
with GIS software) on the other hand 
provides a platform for faster analysis of 
geospatial data which leads to effective 
decision making, planning, resource 
management and dissemination of 
information across command and control 
structure in near real time. This gives a high 
amplitude leverage for the end user to use 
GIS software over traditional paper based 
maps.  

DTRL has developed an Application 
enabled terrain analysis & visualization 
software named Situational Awareness & 
Analysis System (SAAS). It has got 
primarily two components i.e. 2D GIS as 
SAAS Analyser and 3D GIS as SAAS 
Visualiser.  

In free trade market, there are numerous 
Commercial Off The Shelf (COTS) GIS 
software and related tools are available to 
visualize and analyze geospatial data in 
order to get terrain intelligence. But these 
have limited technical and economical 
viability in the context of the Armed Forces. 
Installation of such software at multiple user 
sites leads to huge cost in terms of number 
of licenses and compatible hardware. 
Moreover such COTS software are 
proprietary in nature and provide limited 
flexibility in enhancement of functionalities 
specific to the Armed Forces, such as 
military symbology, military grid, generation 
of terrain intelligence reports, off road 
traffic-ability, deployment of ammunitions 
and location of camping zones. Proprietary 
nature of data formats and lack of 
interoperability make them less attractive 
for utilization in the Armed Forces. To 

overcome the limitations imposed by these 
COTS software, possible solutions to 
develop defence specific application are 
either to develop software from scratch or 
to customize free & open source software 
as per user requirements. Open source 
software helps in shortening development 
time. 

This paper illustrates development of 2D 
GIS software  by customizing open source 
software. Rest of the paper is organized as 
follows. Section 2, describes evaluation of 
open source software for developing 2D 
GIS. Section 3 ,explains the customization 
of open source to integrate functionalities 
which are non-existent in any open source 
software and are pre-requisite for armed 
forces to perform geo-spatial analysis such 
as military symbology, military grid 
reference ,generation of area analysis 
report, storage and retrieval of 
terrain/tactical features along with attribute 
information. Section 4, discusses the issues 
and challenges faced during development. 
Section 5, gives the conclusion 

2. EVALUATION OF OPEN SOURCE 
SOFTWARE 
Use of open source software has its own 
problems in terms of reusability, modularity, 
availability of documentation, architecture/ 
design patterns and software development 
environment. Selection of suitable open 
source software is the most important task 
as a wrong selection will jeopardize the 
whole software development process 
leading to under utilization at the user’s 
end[1].  

Evaluation of four prominently used open 
source software i.e uDig[8], gvSIG[9], 
OpenJump and QGIS[4], has been carried 
out on the basis of functional and non-
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functional requirements. QGIS supports 
most of the raster / vector  data formats 
required to be supported.Data formats such 
as .dted, .pix, .bil, .sid, .ttn, .grd are not 
supported by other three open source 
software. The .dgn vector data format is 
partially supported in QGIS and gvSIG. 
Inbuilt projection system is supported in all 
mentioned open source software; however 
QGIS has added functionality of automatic 
on the fly projection change which is found 
to be valuable. Basic GIS functionalities 
such as distance and area measurement, 
re-sampling, merging, mosaic, buffer 
shapes, profile analysis etc. are available in 
all mentioned software. Some of the 
prominent functionality required by military 
users such as military symbology, military 
grid reference system, terrain analysis 
report generation, storage and retrieval of 
attribute of tactical and terrain features, 
multi-layer attribute based query, Zoom to 
Mil. Grid Coordinate location, storage of 
features image as attribute and its display 
are not available in any of the mentioned 
software. 

After evaluating open source software 
based on our functional requirements, 
QGIS was found to be most suitable to map 
the requirement of Armed Forces; however 
it is required to be customized as it does 
not meet all functional requirements of the 
users. Open source software has been 
further evaluated on the basis of criteria 
that should be considered prior to adoption 
of open source software.  

QGIS APIs[2] are well documented which 
helps in faster and efficient customization of 
QGIS. QGIS has been divided into multiple 
libraries which can be compiled and 
executed independently. Rendering is 
comparatively faster because of pyramid 
structures which can be generated 

manually as one time activity. It has been 
tested to open raster data of 6.5 GB which 
was satisfactorily visualized within 45-60 
seconds. QGIS supports OGC standards 
and specifications. Its runtime requirements 
are not very demanding and can execute 
on user’s existing infrastructure. It provide 
python console as a standard functionality 
through which user can experiment and 
develop their custom application.           

3. CUSTOMIZATION METHODOLOGY  
QGIS software architecture provides three 
ways of customization. First, is to develop 
python based plug-in which is easiest one, 
as it does not require to modify internal 
structure of QGIS and allows hot 
deployment without need of compiling and 
building QGIS. Second way, is to develop 
C++ based plug-in, however this require to 
create a new build of QGIS code by 
incorporating the new plugins foot print 
embedded in “cmakelists.txt” file. Third way, 
is to modify the internal classes and 
structure of QGIS which is found to be most 
challenging, time consuming and not 
recommended also. All three approaches 
have been utilized for development of 2D 
GIS as per functional requirements.[2][5] 

4. CUSTOMIZATION OF QGIS 
 
Five such prominent functionalities are 
incorporated by customizing QGIS which 
are discussed in following section.   

 
4.1 Military Symbology: 
Military symbols are fundamental for any 
military operational planning. It enhances 
the communication between military 
professionals. It helps in understanding the 
common operational picture (COP) and 
operation’s intent. 
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Quantum GIS incorporates symbols in two 
formats : one is .qml format and other is 
.svg format. It has provided style manger 
tool for creating symbols in .qml format 
which is native XML based format to QGIS 
.[4] However very less number of military 
symbols can be created using style 
manager tool, so military symbols have 
been created using free tool in .svg format 
which stands for scalar vector graphics 
format. Military symbol library with more 
than seventy terrain and tactical features 
has been integrated in SAAS 2D GIS 
module. Some of the military symbols are 
given in Fig. 1.  

 
 

Figure 1. Military Symbols  
 

4.2 Military Grid Reference System: 
The Armed forces use their own localized 
grid reference system for strategic 
operational planning and execution. Military 
grid reference system has been integrated 
in QGIS for both old and new defense 
series maps. 

Military grid has been incorporated by 
modifying the core library (qgisapp.cpp) of 
QGIS, as it requires access to mouse 
cordinate on map canvas[2]. Mil grid 
information along with map sheet no. is 
displayed with mouse movement in status 
bar. Fig. 2 displays military grid reference 
values along with latitude, longitude 
information for the point marked on map. 

 
  

Figure 2. Military Grid information of mouse 
position on map canvas 

 
4.3 Map index Tool: 
There is a frequent requirement of the user 
to get information about the extent of 
toposheet in terms of latitude and longitude 
details corresponding to toposheet number 
(both old and new) for effective and efficient 
military operational planning. User can give 
one kind of map sheet no. and can retrieve 
other kind of map sheet no. and vice versa.  

This functionality has been developed by 
writing a PYTHON wrapper plugin[5] for the 
already developed utility in visual basic. Fig. 
3 shows the GUI of map index tool. Left 
part displaying toposheet and scale 
information and right part displaying corner 
coordinates. 

 

Figure 3. Map Index Tool 

4.4 Region of Interest Locator: 
It has been observed that military personal 
frequently communicate in terms of military 
GR instead of latitude-longitude information 
.This tool provides facility to zoom to 
particular geo-location based on military GR 
values entered by the user in old or new 

 Mil grid information of 
point placed on map 
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defence series maps. It helps in fast 
searching of geo location based on military 
GR which is found to very useful. This 
functionality has been developed using 
python based plug-in approach. “Zoom to 
Cordinate “ a a python plugin[5] available in 
open domain and functionality of that plugin 
is further extended to implement this 
requirement. GUI of Region of Interest 
locator utility is given in Fig. 4. 

 

 
 

Figure 4. Region of Interest locator 
 

4.4 Storage/retrieval of attribute of 
tactical/terrain feature:  
Spatial database is required to store and 
query geo-spatial data that represents 
geometry of terrain and tactical features 
along with attribute information. 
PostgreSQL is chosen as the database 
management tool wherein its spatial 
component PostGIS[6], is used to manage 
Spatial data. Added advantage is that it has 
been well integrated with QGIS. However, 
existing digitization functionality in QGIS 
and storage in PostGIS is generic for all 
thematic features. At runtime, user need to 
select the type of feature (Point, Line, and 
Polygon) and define the attribute name, 
data type and size. These attributes are to 
be added to the attribute list of the currently 
digitized vector layer and then the values 
can be filled at the time of digitizing each 
feature which is a cumbersome, time 
consuming and undesirable by military 

user. There are certain attributes like mil 
grid reference, latitude, longitude, length & 
area (based on arithmetic calculation) 
which require to be auto populated and 
there are certain alphanumeric attributes on 
which attribute based filtering need to be 
done and any mistake in data entry will lead 
o wrong analysis.  

Therefore, the digitization workflow of QGIS 
has been customized by associating 
standard attribute forms with each 
terrain/tactical feature. Facility is provided 
to create, insert, retrieve, update and delete 
function through five new plug-in developed 
in C++[7]. For creating a vector data, apart 
from developing a new plugin, changes are 
made in “qgsattributedialogue.cpp” so that 
our custom designed attbuite dialog box will 
be rendered instead of QGIS attribute 
dialog. Further, a generic validation is also 
performed on all attribute field before 
accepting the data. For spatially related 
features, Post GIS functionality is used to 
retrieve the relevant data using buffer 
query. This will enable the faster execution 
of relational query in run time and assist in 
faster report generation. Further Existing 
and customized digitization flow is shown in 
Fig. 5 and Fig. 6 respectively.  

 

Figure 5. Existing digitization flow  
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Figure 6. Customized digitization flow  
 
 

4.5. Change Analysis: 

Whenever a feature is updated in database, 
its past history is maintained in separate 
table. Based on this history data in 
database, change analysis can be 
performed on all associated attribute as 
well as location. A Python plugin[5][6] in 
created to perform this task. Figue 7 shows 
a snapshot for this feature in tabular format. 

 

Figure 7. Visualization of history data & 
Change Analysis  

5. ISSUES AND CHALLENGES: 

QGIS has been found to be most suitable; 
however multiple challenges and issues 
have been faced during development. 
Sometimes, error messages are not easily 
interpretable and debugging is 

comparatively cumbersome which 
increases the development time. It has 
been observed that QGIS crashes at times 
without displaying proper errors which 
made it difficult to debug. Access to whole 
QGIS runtime instance in python plug-in 
makes it challenging to pass handle to 
QGIS and python object and vice versa. 
Special need to be taken care while 
accessing QGIS objects. Some DEMs 
imageries are not visualized with 
reasonable contrast, so well-known contrast 
enhancement algorithms need to be 
incorporated. It has been observed that it is 
challenging and time consuming to build 
and compile QGIS on windows platform 
because of variation in visual studio 
versions. It perfectly compiles on visual 
studio 2008 but shows variations on visual 
studio 2010.Version control was 
challenging during development as QGIS 
version changes very frequently. It is highly 
recommended that customization of QGIS 
by changing internal code structure should 
not be followed except if unavoidable. 

6. CONCLUSION:  
 
In order to meet the requirements of the 
defence, the customization of open source 
software is a possible solution. Unique 
effort of customizing open source software 
has been made taking into account user 
requirements, non-functional evaluation 
criteria and gap analysis. Core 
functionalities related to military operational 
planning have been incorporated in open 
source software which provides long term 
solution to the geo-spatial data intelligence 
and analysis requirement of armed forces. 
Challenges like error handling, version 
control, access control mechanism can be 
taken up to make it sufficiently reliable, 
technical and economically viable. 
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The developed software solution is targeted 
for minimal dependency on COTS and an 
effort is made for dissemination of GIS tools 
to wider spectrum of defence users. 
Provision of military specific tools will also 
facilitate the users to exploit military 
geospatial database that may not be 
possible without customization of COTS. 
Moreover, the customization of COTS 
software may involve huge cost. Our efforts 
at DTRL is targeted towards 
standardization of GIS tools in Defence 
environment.  
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