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ABSTRACT 
 
As the world changes more rapidly, the demand for up-to-date information for resource 
management, environment monitoring, planning are increasing exponentially. Mapping 
agencies must respond to the concerns of the public, with increasing efficiency and 
effectiveness. Integration of Remote Sensing with GIS technology with digital Cartography 
significantly promoted the ability for addressing these concerns. Royal Jordanian Geographic 
Centre (RJGC) responsible for maintains huge amount of geographic data in vector, raster and 
DTM formats. RJGC maintaining these data with several stand-alone systems, which generated 
with only limited possibility of sharing. These data sets become obsolete quickly as a result of 
the rapid urban growth. 
 
 
1. INTRODUCTION 
 
For updating these data sets, agencies do new surveys independently, demanding heavy 
government funding. Constraints on the budget allocations putting pressure to meet low cost, 
less time, accurate products, for data updating activities. Realizing the important of navigation 
applications and remote sensing technology and integrate data from different sources in 
national development activities, RJGC lead recently a project of updating topographic maps of 
Jordan which have been produced in 1989. 
 
Using satellite images with PCI Geomatica and digital cartography software (DRY) which can 
deal with different data types (raster, vectors, films), these software’s represent excellent 
example of the integration ability of satellite data into a Geographic Information Systems. In 
general, main source of changes that make map revision and topographic databases updating 
a necessity consist of:  
 

 Changes in data characteristics, when standard of data characteristics is changed, 
every production must be revised. 

 Changes in description and structural information of features: such as changes in 
name, type and structures e.g. features merging or feature dividing.  

 Errors and mistakes during map production or revision stage.  
 
Because of the above mentioned factors, maps and topographic databases must be updated 
when at due time.  
 
2. THE PROJECT OBJECTIVES 
 



The main objectives of this project to use and exploit the old maps films (CMYK) which have 
been produced by traditional cartography, then update these old films (only add the new 
features over the old films with necessary editing), by linking the available data (raster) with the 
new data (vectors) without any problems (using DRY software we are able to modify and edit 
different data types together (raster and vectors)).   
 
As a result of the project we optimize using different data sources for topographic maps 
updating in very efficiency way, which means: 
 

 Take less time to produce new maps version, (6 months using old method and 45 days 
for the new method). 

 Less cost. 
 High accuracy. 

 
3. AREA OF STUDY 
 
The Kingdom of Jordan located on South-West Asia (Middle East), between Latitude 29º 11” 
and 33º   22” 
North and Longitudes 34º 59” and 39º18” East. The Kingdom of Jordan is divided into twelve 
regional administrative, with total area 89342 Km2.  One hundred and sixty nine topographic 
maps scale 1:50000 with JTM coordinates system are covered Jordan, see figure (1). 
 

 
 

Figure 1. 1: 50000 topographic maps coverage of Jordan 



4. THE PROJECT METHODOLOGY 
 
The methodology see figure (2), is the following: 

 Scanning of the old map master films with a very high resolution. These master films 
are the printing elements of paper maps. There is one master film per color to print the 
paper map, i.e. one master film for the blue containing all elements of the map printed 
in blue (hydrography), one for the green containing all vegetation information, one for 
the black (the richer master films with all buildings, roads,..), one for the bistre 
containing all contour lines, etc…The number of master films is variable, depending on 
the country and the type of map. Each master film is like a layer containing a type of 
information displayed in one color, so separated from the others and so much easier to 
be updated.  

 Geocoding of the raster scanned master films. 
 Ortho-correction of the corresponding panchromatic SPOT-5 with 5 m resolution image 

using the old map films. 
 Superimposing of scanned master films, with a transparent background, over the SPOT 

ortho-image.  
 Digitizing of new features, masking of features which do not exist any more. 
 Field verification and completion. 
 Layers conversion for suitable formats to create maps. 
 Integration of vector corrections into the raster map. 
 Editing and updating the new features. 
 New map version (new CMYK films). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Scanning of Existing old films  Available Maps 
(Old Map films CMYK available) 

Satellite images Ortho-Rectification 
(same coordinate system)  
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Figure 2: Map updating procedures using Spot images. 
 



5. PROJECT STAGES 
 
5.1. CREATING THE OLD MAPS 
 

 Preparing the old map films CMYK (Scanning, cleaning and make horizontality 
correction for all films), see figure (3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cyan Film 

Green Film

Brown Film

Black Film

Figure 3. Scanning Map Films (CMYK) 
 Define the names and the colors of each old film using digital cartography (Dry 

software), e.g. named the contour film and define black color for it, see figure (4). 
 

 
 
 
 
 
 
 
 
 

Figure 4. Define the names and the color for the existing Map Films  

 



 Create Mosaic from the old films using digital cartography (Dry software), see 
figure (5). 

 
 

Figure 5.  Map mosaic. 
 

 Geo-Reference of the mosaic of the old map, correct the Coordinates for 4 points 
at least on the old map, using digital cartography (Dry software), see figure (6). 

 
 

Figure 6.  Mosaic Geo-Reference. 
 



 Preparing Template file to convert the raw data to the map specifications, using 
digital cartography (Dry) software, see figure (7). 

 
Figure 7.  Template File prepeartion. 

 
5.2. FEATURES EXTRACTIONS AND CHANGES DETECTION 
 
Using Spot-5 panchromatic Satellite imagery with resolution 5m acquired in 2004 and PCI 
Geometica program, following the next steps: 
 

 Ground Control Points (GCPs) collected. 
 
For Orthorectifying of SPOT imageries, a set of well-defined and distributed ground control 
points (GCPs) were collected. Figure (8) illustrates sample from spatial distributions of these 
points (we used between 9-15 GCPs for each model). The choice of method for measurement 
of control points depend on the demands of economy, geometric accuracy and availability of 
existing ground measurements. 
 

 
 
 Figure 8. 

Distribution of GCPs  
 
 
 
 
 
 
 
 
 
 
 



Using X, Y and Z coordinates extracted from GCPs of each point, the SPOT image was Ortho-
rectefied with 5m accuracy. 

 Ortho-Rectification of the satellite imagery, Using PCI Geomatica, see figure (9). 

 
 

Figure 9. SPOT imagery Ortho-Rectification 
 

 Rectified of old Map films, Using PCI Geomatica, see figure (10). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. SPOT imagery Ortho-Rectification 



 Superimposing of scanned master films with a transparent background, over the 
SPOT Ortho-image. , Using PCI Geomatica, see figure (11). 

 
Figure 11. Superimposing Ortho-image with rectified master films.  

 
• Digitizing of new features, masking of features which do not exist any more, using PCI 
Geomatica, see figure (12). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 12. Features extraction.  



5.3. FIELD COMPLETION AND OBSERVATION  
 
Fieldwork findings were incorporated to refine both the preliminary classification system and the 
preliminary image interpretation. In some cases, this stage involved re-labeling and redrawing 
of certain feature boundaries to give the actual representation as revealed by the field 
observation. As a result, from the field investigations, we found the features extracted using 
Spot- 5 images were coincide with reality within 85%-90%. 
The existing following features are considered: 
 

 Communication Lines such as roads, railways, etc and associated features e.g. 
bridges, etc 
 Administrative features including buildings, walls, stadium, airport, Tunnel 
 Hydrological features, including streams, canals 
 Vegetations cover 

 
5.4. DATA CONVERSION 
 

 Convert the Raw data (updating features from satellite imagery) format to the suitable 
format of cartography software (Dry software), see figure (13). 

 
 
 
 
 
 
 

                                                                       
                                                                                                       

 
 
 

Figure 13. Data conversion. 
•  Convert the Layer files from shape file to Dry template file, see figure (14). 

 
 
 
 
 
 
 
 

Figure 14. Shape file 
conversion to Dry 
template file

 
 
 
 
 
 
 
 

         
 
 



• The raster and vector data are available now for editing see figure (15). 
 
 
 
 
 
 
 
 
 

 
 
 
                                                              
 

Figure 15. Raster and vectors data 
 
 

5.4. NEW MAP VERSION 
 
After data conversion for suitable format and editing the raster and vector data, the new map 
version map 
now is available, as shown in figure (16).  

Figure 16. New map version



RESULTS 
 
The results of this project were as follows: 

 Reduced the cost of updated topographic maps scale of 1:50000, of the Kingdom of 
Jordan using SPOT satellite imagery. The cost compared with a traditional method 
using aerial photos, is approximately divided by five. 

 The satellite image interpretation accuracy was about 85%-90%, indicating that the 
methodology is robust and reliable. 

 All the updating process and rapid field checking in 45 days, comparing with a 
traditional method, which requires at least 6 months for one map producing. 

 Results of feature extraction showed that there were no difficulty to detect and identify 
area features such as towns, smaller villages and isolated buildings. All linear features 
such as roads, tracks, railways, etc are extracted easily, except in some places where 
the contrast was low. 

 We had a problem in road classifications (sometimes to distinguish between track and 
asphalt roads), and it was impossible to classify vegetations. 

 Field survey is necessary, especially for place name updating and for some specific 
data collection and control. 

 Two important factors for interpreting details from Spot imagery are the quality of 
imagery and the experience of the operator. 

 
 
CONCLUSION 

 
As a consequence of the Satellite Revolution, map updating of 1:50 000 scale maps is now an 
easy process to achieve, with moderate costs and rapid results. In this developing market, 
SPOT 5 data are precious because they combine and optimize the advantages of a good 
cartographic system (large field of view, excellent geometric properties, very high resolution) 
with the satellite advantages (revisit capabilities, worldwide availability). At the same time, they 
offer global reference data packages to ensure the best accuracy. These new tools and 
techniques will change the way we map our world. The results of this project are encouraging 
and confirm the utility of SPOT satellite data (and indeed other high resolution satellite data like 
(Landsat TM, Ikonos, Eros, etc) in updating topographic maps and monitoring changes. 
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ABSTRACT 
 
GIS has boundless falloff. Its usefulness has already been realized and the technology has 
already been implemented in the developed world for quite a long time, however, recognition of 
its applicability in developing world  is still in some what initial period and a lot is still needed for 
this technology’s operationalization. In the developing world the applicability of GIS in Fleet 
Management & Asset Tracking has been recognized and is under implementation in many 
countries including Pakistan. In most of the developing countries this technology is used on is a 
limited aspect only. This paper focuses on possible applications of GIS in Fleet Management & 
Asset Management. There are three basic elements of a tracking system and these include: a. 
Tracking Device, b. Raster / Vector Maps of the area 3. Software Interface between moving 
asset and remotely situated control center. This paper would throw light on technical its aspects 
and its potential applications. Furthermore, it also discusses the areas of this technology’s 
potential usage that are ignored in developing countries like Pakistan.  

INTRODUCTION 

A Fleet Management & Vehicle Tracking 
System is commonly referred to as VTS is a 
system in which real time location of a moving 
asset is mapped. The system utilizes GPS 
technology to accurately determine the 
location of moving asset along with its speed 
and direction with respect to North (called 
‘Heading’). A VTS provides advanced solution 
to all the fleet management needs. A VTS also 
has the ability to monitor and control vehicles from a remote location (called ‘Control Center’).  

The system comprises a tracking unit installed at some hidden location inside vehicle, a 

Figure 01: An Introduction to Fleet Management 
 

HE TECHNOLOGY 

Tracking Unit 
 hidden inside the vehicle can be classified to have three (3) basic elements 

and these include a Global Positioning System (GPS), GSM modem and some Control 

communication module responsible for sending and receiving information to and from a control 
center from where vehicles are remotely monitored and controlled and control center software 
managing all information coming in and going out to the vehicle.  

 

T

The tracking unit
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Circuitry. The GPS is responsible for communicating with the GPS constellation of satellites 
and therefore pin points the exact position of the vehicle in which it is installed. The GSM 
modem converts the GPS location into a pre-programmed GSM Packet and sends this 
information to Vehicle Control Center. A unit may be programmed to send location information 
either in GPRS mode or SMS mode depending on the availability of type of network in the GSM 
coverage area. GSM module provides a communication medium between the vehicle and its 
control center however, in non-GSM coverage areas the vehicles looses its connectivity with its 
control center. To overcome this issue several remedies are possible the most widely used 
technique is through storing the traveling data log in as logging history in the data logger of 
tracking unit and resending this information back to the control center on restoration of GSM 
coverage area. One more possibility is to use satellite communication from the vehicle via 
Thuraya satellite phone used or InmarSAT. However, the techniques are not very common 
because of its high capital and operational cots. The control circuitry inside the tracking unit 
plays a vital role in administering vehicle controls. There are different number of digital or 
analog inputs and outputs in every tracking unit. These inputs and outputs are programmed to 
report and control certain conditions, state, device, gadget or system inside the vehicle. Like for 
example, if one of the inputs is looking for speed of vehicle, this generates an alert for the 
control center in case the vehicle violates the preset speed regulations. On reception of this 
alert the control center can activate several outputs on the tracking unit remotely to make driver 
realize that a speed violation has occurred.  

The control circuitry inside the vehicle helps in controlling various gadgets and equipments 
monitoring and controlling remotely. For instance, a vehicles engine can be physically shut 

racking Control Center 
ave detailed maps of the area, these maps are generally derived 
 images. The software running at the Vehicle Control Center 

r of implemented components, identifying the optimal architecture of 
ent is essentially important, specially, considering the scalability of 

down and vehicle bonnet can be physically locked in an event of attempt of vehicle theft. 
Furthermore, reports like over speeding, harsh braking, excessive lane changing etc can be 
generated automatically. A vehicle can be programmed for prohibited areas. These prohibited 
areas could be the ends of the city limit or some crime prone areas of the city. This feature 
helps in protecting snatched vehicles to be taken out of the city boundaries. Furthermore, a 
fleet manager can use this feature to keep the distribution vehicles inside a specific territory of 
delivery hence curtailing on the fuel costs by misuses. In this way there are literally unlimited 
combinations of inputs, alerts and outputs that can be set for smooth vehicle operations. 
 

T
The Vehicle Control Center h
from high-resolution satellite
parses the information received from the vehicle via communication network and marks the 
GPS location on to the maps, hence enabling the control center operator to exactly point the 
position of a particular vehicle on it. This position can also be shared with the general public 
through a secured web site and password protected web server, so that a person can always 
get his vehicles location with literally no bounds of geography. 

System Architecture 
Given a significant numbe
a solution before deploym
the entire solution. After several architecture testing by simulating various scenario of scalability 
a optimum and scalable architecture was developed. The architecture was developed and is 
now been implemented successfully on many projects for a wide range of user types and 
requirements.  

Following are the core components of the developed system: 

 Communications Server Application – A software app
communications to and from the vehicles. This application als

lication that is responsible for all 
o keeps record of the connected 

vehicles as well as the number of connected clients. The application also disseminates all 
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information received from vehicles to a designated client connected to this application. The 
communication server is connected to the vehicle via a Virtual Private Network (VPN) between 
the GSM operator and the control center and the same is receiving information from all the 
vehicles both via GPRS or SMS. The application is modularly designed so that in case of a 
large fleet even the sending and receiving server applications can be separated so as to keep 
the communication free and efficient. The application has been designed to connect a number 
of client platform including Windows based PC and a variety of Personnel Data Assistants 
(PDA). The communication server application disseminates information to the client 
applications and also sends a record to the database server hence history of all the data 
received for each of the vehicles is maintained.  

 

 Database Server Application – All records received by the communication server 
pplication are stored in database server. This is how history of all the movements of every 
ehicle is maintained. This storage is necessary for viewing replay of any movement of vehicle 

a

 

a
v

nd is also helpful is generating various client and usage specific reports. Depending on the 
fleet size and the frequency with which the data is gathered the database is selected.  

 Mapping Server Applications – The mapping server application is responsible for keeping 
a central repository of all the maps. With this central repository every user can be restricted to 
have map layers only pertaining to his area of interest. This also makes the map updating task 
s

 

implified. As soon as any may is upgraded on this server application all the connected users 
automatically get the updated maps and layers. With this arrangement the map security and 
back also becomes manageable. Similarly, managing and hosting the client application on 
internet also becomes easy. Furthermore, the architecture also allows web clients to be 
separated from the communication part however allowing them to fetch information the 
database server.  

 Client Application – The proposed mechanism for operating the system is that client 
application workstations connected through LAN to the Communications Server, Data base and 
mapping Servers thus clients gets access of all relevant information and communication. Some 
o h

 

f t e salient features of the client application have also been discussed in the later parts of the 
paper. 

 Domain Controller & Authentication Server – User account authentication is ensured 
using a domain controller and authentication server. System administrator creates accounts 
and set the limit of each user account. 

 

 Web Server – Web server is used to give service on the internet to the authenticated 
users. Any user can log on the web server and get the vehicle location on demand. 

 

on a single 
machine however as the fleet grows each component is segregated based on user 
requirement. Figure 2 also show the technologies required along with their interdependence in 

The entire architecture is flexible enough that for small fleets the system can run 

form logical diagrams. 
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igure 02: System Architecture 

Client Application Features
Some of the salient features of e been discussed as under: 

 

 

 

 

 

 

 

 

F

 
the LAN client application hav

 Map Navigation – Zoom in, Zoom Out, Pan, Identity 
e, by 
zoom 

o  ound. Vehicle plotted onto the map 

These function allows operator to navigate the map with an easy “click and drag” interfac
just clicking on the map, users shall be allowed to zoom in the map for more road detail, 

ut for a broader overview or panning the map to move ar
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can also be easily identified. By clicking on the vehicle, shows detail information about the 
owner and vehicle. 

 Online Tracking 
Tracking in VTS is performed in number of ways, online (GPRS) or SMS. SMS allows a cost 
saving mode of tracking due to its lower GSM service fee. SMS is one of the efficient ways for 
re  roaming capability allows international tracking with a minimal charge. mote tracking as its
VTS software is capable to display and track vehicles located all over map coverage in real 
time as long as they are within GSM coverage zone. However, as there is a data logging facility 
available in remote unit installed inside the vehicle, therefore it would also be possible to keep 
record of vehicles when outside GSM coverage zone through remote log downloading 
capability in VTS. GPRS provides an efficient and cost effective way of tracking vehicles. 
Online tracking allows almost real time vehicle location capability. This mode of tracking is best 
suitable for important delivery or during emergency scenario, where the user need immediate 
information of the vehicle in real time. The feature also provides possibility of live video 
transmission through a camera installed inside a car subject to the availability of this feature in 
the tracking device.  

 User Logging Recorder –Login/Logout time 
To allow better human resource management, the VTS also provides feature of recording login 
and logout, date and time of the operators and allow administrators to monitor operating time of 
e nectivity with authentication/domain server ach individual operator. The system through its con
ensures better management of control centre application and role specific access rites to all 
users in the control centre. 

 User Action Recorder – Logging user actions 
Human errors may occur in any system these may be intentional or unintentional and may 
cause serious problems. The client application is designed to eliminate or at least minimize 
s pability to monitor vehicles but also have uch incidences. Client Application not only has the ca
the capability to monitor its operator against any possible human error. This feature logs down 
each important event initiate by operators along with action, actions such as starting / stopping 
tracking, engine shutdown, emergency events / acknowledgments, log download, etc. is logged 
against user name, date and time, in the database. This helps in pinpoint the cause of an error 
and helps in rectifying the problem effectively.  

 User Level – Authentication and Roll Assignment 
At times not all users should share the same system access privilege while accessing the 
system. This is to prevent unauthorized access to certain information that is classified only for 
c t ld not be able to view and edit their er ain specific users. For example, normal operator shou
operation log. VTS allows creation of different user classes or levels so that unauthorized use 
of the system is prevented and only administrator shall gets the rights to assign level of 
accessibility of each user. 
 

 Automatic Broadcast For Tracking Unit Response Checking 
eeping track of the remoteK

th
 unit installed inside the vehicle for proper working is very important, 

at is why VTS has been programmed with the option to keep checking the response of all the 
u tni s on frequent basis. This also ensures best working of the equipment. 

 Data Logging /Remote Log Download 
The tracking unit is also installed with an EPROM to allow remote data logging feature. The 
logged data can be downloaded later to provide offline tracking. Offline tracking is especially 
u  GSM blind spots. Data logging is also useful for seful for information gathering, especially in
vehicle breakdown and accident analysis. VTS includes a function for operator to download the 
logged data remotely.  

 Log Replay Facility 
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The operators / administrator also have the facility to review and replay the downloaded track of 
each vehicle. This feature is of great importance analysis of vehicle usage, misuse, over 
speeding, etc.   

 Remote Tracking Unit Configuration 
All tracking units have settings such as password, center number, relay settings, logging 
interval and etc, the information is necessary for the units to operate according to the user 
re u ction in VTS provides the flexibility for operators to q irements. The remote configuration fun
change the unit settings without any physical interaction. Security risks resulting from password 
leaking and others can easily be avoided as all the settings including password can be changed 
remotely. 

 Attentive Monitoring Inside Control Room 
Monitoring service require 24 hour operation, human errors may happen during these long 
operation hours, no matter how well the operating shift is scheduled. The User Monitoring 
fe t esting a specific user interaction in a given a ure helps in minimizing the error rate by requ
time interval, failure to do so results in a warning event trigger and a “No response” logged in 
the operator log file, For example, every 30 minutes the system prompts an acknowledge 
request and the operator is needed to click on the acknowledge button to physically 
acknowledge the event, operators ignoring this are logged this way, user monitoring can be 
used in conjunction with the User Action Recorded feature to provide complete automated user 
supervision. 

 Verbal and Visual Warning Capability 
There are several warning types” Hijack event, vehicle breakdown, vehicle alarm triggered, etc. 
when these events triggered, VTS not only warns the operator by visually (blinking the warning 
b triggered. It would also provide a verbal warning 

pplying this to a 
variety of uses. However, some of the potential uses of this technology in corporate sector 

ompanies, Leasing Companies, Banks, Rent-a-Car Companies, 

any vehicles are equipped with a 

 the tracking system.  

n employee’s performance can be more objectively 

Busines vide precise arrival or delivery estimates, because the estimate is based 
upo
custome hen your employee arrived or left, prove it to them using data from your 
tracking system. 

anner) describing details about the event 
telling the operator what had happened. Information such as vehicle plate number, event type, 
event date and time, contact list and vehicle information is shown. The warning event keeps on 
repeating itself until it receives a confirmation response from the operator. 

POTENTIAL USERS 
The benefits of this technology are literally unlimited and one can think of a

could be in Insurance C
Railway Authorities, Garbage Vans, Delivery Vans / Trucks, courier fleets, cash transportation 
services, urban & tourists bus fleets, shipping & fishing fleets, cruise lines & oil tankers, postal 
services, customs, army & navy fleets, asset management etc. In private sector this could be 
an ideal solution for anti theft and Vehicle Security System.  

In addition to the above, your GPS tracking system can also remind you when it's time to rotate 
tires, change oil or perform other scheduled maintenance. 

An employer may get the following benefits, when his comp
GPS based vehicle tracking system.  

1. Hand-written driver logs are replaced with data from
2. Using info from the GPS tracking system, each employee’s productivity can be 

quantified and compared; a
measured.  

3. The dispatcher can look on a computer screen and locate all your vehicles 
immediately. 

ses can pro
n the actual location of the tracking device-equipped vehicle at the moment they call. If a 

r questions w
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SUPARCO’S ROLE  
Pakistan Space & Upper Atmosphere Research Commission (SUPARCO) has been one of the 
leading solution providers of this technology in the region. Having years of research in this field 
and testing its systems successfully not only in Pakistan but out side Pakistan have now 
already commenced its services in Saudi Arabia and Sri Lanka and still looking for better 

 markets to render its services for the betterment of technology in the opportunities and lucrative
region.  



 1

SECURITY INFORMATION SYSTEM 
 
 

S. Parvez a, Ashar H. Lodi b, F. Karim, 
S. F. H. Kazmi, M. A. Qureshi, M. I. Qureshi 

a Remote Sensing Applications Division, SUPARCO HQs, Karachi, Pakistan 
<rs_parvez@yahoo.com> 

b Remote Sensing Applications Division, SUPARCO HQs, Karachi, Pakistan 
<alodi@khi.comsats.net.pk> 

 
 
Keywords:  GIS, GPS, Management Information System, Crime/Security Measurements, 
Vehicle Tracking 
 
 
Abstract 
 
Security is a great apprehension in recent flux of terrorism and crime vulnerabilities in 
general but particularly in mega cities. The major concerns to deal with security matters are 
monitoring of unforeseen as well as planned or regular criminal activities on regular basis 
and planning of the available resources to combat the same in an efficient way. Satellite 
technology coupled with Geographic Information System (GIS) has been used to tackle such 
issues.  
 
A Security Information System (SIS) based on satellite technologies has been developed for 
Karachi metropolitan to handle terrorism as well as criminal activities with efficient counter 
part planning. SIS is mainly capable of mapping/feeding, monitoring, and analyzing both 
types of datasets; criminal activities as well as available resources. The System has also the 
capability of real time vehicle tracking used for monitoring anti-criminal and rescue 
operations.   
 
Satellite Technologies like Remote Sensing and GPS for real time position monitoring along 
with GIS tool are highly useful to deal with security issues at local as well as regional level.  
 
 
INTRODUCTION 
 
Space technologies like Remote Sensing, GPS etc are widely being used in many 
applications pertaining earth resource and environmental monitoring, mapping and 
modeling. Likewise these technologies are being utilized in other sectors like industry, 
business and even issues related to daily lives etc. Similarly, people have started to get 
benefit of these technologies in crime monitoring, mapping, management as well as for 
quick response for rescue operations required to combat such activities.   
 
 
a) Remote Sensing 
 

Satellite Remote Sensing is to sense the earth’s surface from space by making use of 
the properties of electromagnetic wave emitted, reflected or diffracted by the sensed 
objects for the purpose of improving natural resource management, landuse and the 
protection of environment. The instruments used to measure electromagnetic radiation, 
reflected/emitted by the target under study are usually referred to as remote sensors. 
The vehicle carrying the sensor is called Platform. In case of satellite remote sensing, 
the vehicle is the satellite system carrying the sensor. A typical Satellite Remote 
Sensing system is shown in Figure 1 below: 
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Fig 1: Satellite Remote Sensing System 

 
b) GPS 
c)  

The best known satellite navigation system is the United States' Global Positioning 
System (GPS)’ which  shows exact position on the Earth anytime, in any weather, 
anywhere. GPS is accurate approximately within 25 feet or less. This consists of 24 to 
27 satellites that orbit in six different planes. GPS tracking satellites are continuously 
monitored by ground stations located worldwide. The satellites transmit signals that can 
be detected by anyone with a GPS receiver. A growing use for GPS is the tracking of 
vehicles and equipment. It prevents losing track of equipment or vehicles, and allows 
them to be more easily recovered if stolen.   

 

 
 

Fig 2: Automatic Vehicle Location 
 
 
d) GIS 
 

Geographic information (GI) science, a scientific as well as technological extension of 
conventional Geography, deals with the research & development and applications of the 
concepts, principles, models, methods, and technological synergies for gathering, 
processing and analyzing geographically referenced data, and effectively 
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communicating the derived information to scientists, engineers, legislators, managers, 
and the general public for judicious and timely spatial decision-making.  
 
Geographic Information System (GIS) being a powerful tool of GI science is used to 
create maps, integrate information, visualize scenarios, solve complicated problems, 
present ideas, and develop effective solutions (Conceptual diagram of GIS is illustrated 
in the figure below). The term GIS remains one of the most popular buzz words in 
computer industry and is perceived as one of the emerging technologies in the spatial 
information technology market. The involvement of major computer vendors like Oracle 
Spatial is an illustration of this fact. As per the current trends, advanced technologies 
like Remote Sensing (RS), Global Positioning System (GPS), if integrated with GIS, 
provide authentic and accurate geospatial information about the earth’s surface features 
and the processes involved. GIS is highly useful where quick and efficient decisions are 
to be taken on issues like; natural resources surveying, monitoring, mapping, modeling, 
assessment, and more importantly protection of natural environment including disaster 
management and mitigation.  

 
Fig 3:  Conceptual diagram of Geographic Information System 

 
 
AIMS AND OBJECTIVES 
 
The overall aim of the study was to develop a user-friendly information system capable of:  
 

• An updateable centralized data repository of (a) Existing infrastructure (Roads, 
streets, land-marks, localities, adminstration / jurisdiction boundaries), (b) Crime 
database (Sensitive areas, places or events), (c) Combating resources 
(Government / private security agencies, Police-stations etc), (d) Relief 
Resources (Hospitals, fire-brigade, health centers etc) 

• Functionalities of data searching, analyzing and report generation 
• Tracking of vehicles utilized for search & rescue operations 
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METHODOLOGY 
 
These were the main steps which were followed during this study: 
 

• Satellite data acquisition and processing  
• Infrastructure digitization and database development  
• Security GIS and vehicle tracking software development and deployment 
• Field data collection and integration  
• Installation of vehicle tracking units  
• Checking, editing and validation of system  
• Implementation / training  

 
The details of some of these steps are as under: 
 
Step-1: Satellite data of IKONOS (1 meter ground resolution of panchromatic mode) for 

entire Karachi cosmopolitan was acquired and applied standard procedures of 
geo-referencing, mosaicing, enhancements, database development etc. The 
infrastructure vector overlays like Highways, Bigger Roads, Smaller Roads, 
Railways, Streets, Water bodies etc were digitized using on-screen approach as 
shown in the following Fig 4: 

 

 
 

Fig 4: Infrastructure layers (Karachi) 
 
 
Step-2: A software based on GIS functionalities was developed using VB.Net platform at 

front end while SQL Server at the back end as shown in the Fig 5 below: 
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Fig 5: Security Information Software 
 
Step-3: The requisite point data collected from ground about each hotspot or bench marks 

for reference or useful rescue places etc were fed into the database of the said 
software. One of the layers e.g “banks” is shown in this Fig 6:  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 6: Point layer - Banks 
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Step-4: Similarly vehicle tracking software was prepared and coupled with the GPS and 
GPRS (Global Packets for Radio Service) based tracking units installed in the 
vehicle was developed as shown in the following Fig 7:   

 
Fig 7: Vehicle Tracking Software 

 
SYSTEM CAPABILITIES 
 
The Security Information System developed has the following capabilities: 
 

• The data is updateable and editable at any time with certain authorization level 
 
• The system is dynamic for displaying information and data 

 
• The system has multiple searching criteria to facilitate the user for saving searching 
time, e.g: 

 
 Record based search 
 Town based data search 
 Date-wise data search 
 Desired zone-wise (within certain radius) search  
 Crime potentiality based search etc 

 
• Analysis of data is possible through various modes, e.g:  
 

 Record based search 
 Town based data search 
 Date-wise data search 
 Crime potentiality based search etc 
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• Generation of desired data reports (Fig 8) 
 
• Tracking of vehicles has the following capabilities: 

 
 Location monitoring 
 Speed monitoring 
 Stopping the vehicle if theft or out of designated zone or route 

 
• The system is upgradeable to Oracle plate form  
 
• System help/tutorial is available for easy and self learning (Fig 9) 

 
 

 
 

Fig 8: Report Generation 
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Fig 9: Tutorial/Help for self learning 
 
 
RESULTS 
 
• The system developed based on space technologies is highly useful for crime 

mapping, monitoring, as well as very effective for quick response in crime combating 
efforts and activities.  

 
• It provides an easy access to the huge archived datasets spread over space and 

time domain for better visualization and ultimately for efficient planning and decision 
making.  
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