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Editorial

Space can be used for better surveillance
atellites have come a long wayy since the SPUTNIK was launched by the
Soviet Union in 1957 over ﬁve decades ago. Thousands of satellites have
since been launched into space, as also some space stations. Currently
there are a few hundred satellites in orbit, with numbers increasing
everyday. Ten countries possess the capability to launch satellites, with
some others likely to achieve the capability soon.
Applications of satellites range from military to civil communication, navigation,
earth observation and research. Among the military applications, by far the most
important, is the ability to obtain high-resolution photography. Satellites with
sub-metre resolution can easily recognise objects such as tanks, guns, vehicles
and bunkers etc. This photo imagery task can be performed by low-orbit satellites,
suitably placed in adequate numbers, to ensure that there are no gaps and areas
on both sides - ourselves and our adversary - and both sides are adequately
covered.
As far as communication satellites are concerned, armed forces can continue to
use transponders of civilian commercial satellites in the present scenario. However,
with the increasing use of systems such as UAVs, which require substantial
bandwidth for their control and sensor data download, bandwidth requirement
will soon outstrip available capacity. Not only dedicated military communication
satellites will be required, but technological solutions would have
to be found to ensure more efﬁcient use of the installed bandwidth
capacities.

Lt Gen AKS Chandele PVSM, AVSM (Retd)
Managing Editor

ajay@geospatialmedia.net

As a signatory to the Outer Space Treaty of 1967, India is opposed to
the weaponisation of space. However, the use of space for military
purposes, other than the actual placement of weapons , is not
prohibited by this treaty. Space can be used for better surveillance,
information gathering, imagery and navigation etc. An Integrated
Space Cell has been set up at the Headquarters of Defence Staff
for the uniﬁed planning, coordination, establishment and efﬁcient
utilisation of space based resources, in conjunction with ISRO. India
must keep pace with developments in this ﬁeld and progressively
enhance its capabilities so as to ensure that our armed forces are
not handicapped in any future conﬂict.
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For precision guidance, missiles, rockets and even artillery shells
are dependent on military satellites. A country cannot depend
on other countries for these and other such critical applications.
Indigenous dedicated military satellites are a must, with ground
control stations to control and manipulate them. Such satellites
can be designed by DRDO, built in collaboration with private
industry and launched using ISRO’s facilities. ISRO is in the process
of developing the Indian Regional Navigation System (IRNSS)
to establish an indigenous GNSS, reliable and accurate to meet
military speciﬁcations.
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Indian Defence Minister AK Antony
recently informed the Parliament
that the project for ‘Modernisation
of Air Field Infrastructure (MAFI)`
is under progress to modernise/
improve the navigational aids at
all Indian Air Force (IAF) airﬁelds.
MAFI is planned in two phases
under which 30 airﬁelds will be

Courtesy: http://4.bp.blogspot.com

Modernisation of airﬁelds
under progress

modernised in Phase-I and the
balance airﬁelds of IAF will be
modernised in Phase-II. Phase-II
will also include airﬁelds of the
Army, Navy, Coast Guard as well as
any other agency. The contract for
MAFI Phase-I was signed in 2011
with TATA power (SED) at a cost
of Rs.1,219 crore (approx. USD 24
million). The project envisages a
time-bound programme wherein
30 airﬁelds will be modernised in 42
months. It involves installation and
commissioning of the equipment,
including work services along with
integration and calibration of the
equipment with Automated Air
Trafﬁc Management (ATM) at Air
Trafﬁc Control (ATC). The IAF is

also procuring Surveillance Radar
Elements (SRE), Precision Approach
Radars (PAR), UHF Ground-toAir Radio sets and Commutated
Automatic Direction Finder (CADF)
systems to upgrade the equipment
at its airﬁelds.

New DG of Indian Coast Guard
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The Admiral is an alumnus of National Defence Academy and was
commissioned into the Indian Navy on January 1, 1975. A navigation
and direction specialist, Vice Admiral Muralidharan is a graduate of
Defence Services Staff College, Willington and has had several signiﬁcant
operational and staff appointments. His operational appointments
include command of Indian Naval Ships Chatak, Sharda and Ranvijay,
ﬂeet operations ofﬁcer of Western Fleet and Principal Director of Naval
Operations at Integrated Headquarters of the Ministry of Defence (Navy)
{IHQ MoD (N)}. His staff appointments include Director of Indian Naval
Tactical Evaluation Group, Naval Assistant to FOC-in-C (West) and to the
Chief of the Naval Staff, Naval Attache at Moscow, Flag Ofﬁcer Sea Training,
Chief of Staff of Western Naval Command, Flag Ofﬁcer Commanding
Maharashtra and Gujarat Area. He was also the ﬁrst Commandant of the
Indian Naval Academy, Ezhimala. Prior to taking over as the DG, he was the
Chief of Personal at the IHQ MoD (N).

Courtesy: www.indiannavy.nic.in
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Vice Admiral MP Muralidharan recently took over as Director General (DG)
of the Indian Coast Guard (ICG). He is the 19th Director General of the ICG.

Maiden ﬂight of ﬁrst
indigenous AEW&C System
The ﬁrst fully modiﬁed aircraft for indigenously developed Indian
Airborne Warning and Control System (AEW&C) took to skies on
December 6, 2011, as part of its ﬁrst maiden ﬂight in Embraer
facilities at Sao Jose dos Campos in Brazil with about 1000 mission
system components provided by Centre for Airborne Systems
(CABS), DRDO. These include the critical item – AESA (Active
Electronic Scanning Antenna) radar antenna developed by DRDO
and certiﬁed from ANAC, International FAR Certiﬁcation Agency.

Northrop Grumman bags
contract by RAAF

While the aircraft will now undergo full certiﬁcation process over
the next two year period, India will receive two aircrafts by middle
of the next year. The mission systems developed by various DRDO
labs will be integrated with these aircrafts in India. Currently, these
systems are undergoing ground integration and evaluation at
CABS, Bangalore.
Two of these systems will be delivered to IAF after detailed test and
evaluation by the end of 2013.

Courtesy: http://drdo.gov.in

With the advent of this, India is looking forward to join the league
of countries capable of developing and delivering complex airborne
system of systems to its user.

LITENING AT system is a selfcontained, multi-sensor weaponaiming system that enables
ﬁghter pilots to detect, identify,
track and designate targets for
highly accurate delivery of both
conventional and precision-guided
weapons. Fully integrated to
support both air-to-air and air-toground engagements, LITENING AT
features advanced image processing
for target identiﬁcation; coordinate
generation for GPS weapons; a 640
x 512 pixel forward-looking infrared
sensor for effective day and night
operations; a 1,024 x 1,024 pixel
charge-coupled device television
sensor; a dual waveband infrared
laser designator; a laser spot tracker;
an infrared laser marker; and an
optional air-to-ground video data
link and digital video recorder.
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Northrop Grumman has been
awarded a four-year extension by
the Royal Australian Air Force (RAAF)
to the existing support contract
for the LITENING AT system, used
as the RAAF's Target Designation
System for F/A-18 Hornet aircraft.
The contract extension valued
at approximately USD 8 million
provides for in-service support for
the targeting pods and data links
through to September 2015.
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virtual classrooms and other online
content as part of their learning
experience, said the company.
This potentially saves time and
precious resources by reusing COTS
technology, the company adds.

NATO game for military
personnel
A NATO commissioned serious
game is scheduled for large-scale
deployment on Android and iOS
mobile devices. It will be used by
military personnel in operational
areas throughout the world. The
game, created by Caspian Learning
with their powerful military
simulation software, VBSWorlds,
has been designed speciﬁcally to
operate within NATO's nexus virtual
world platform.
By developing the serious game
within the NATO virtual world,
instructors and students are able
to access collaborative areas,

The ﬁnished serious game can be
deployed not only to PC and web
but also to handheld mobile devices
including windows based devices,
iOS and Android, leaving the choice
of technology to the student or
institution whilst retaining all the
content and experience across all
platforms.

Safran and Thales sign
agreement
Thales and Safran have signed a
Memorandum of Understanding
to create an equally-owned joint
venture (JV) for optronics (electrooptical) systems and equipment.
Through this JV, Thales and Safran
will combine their respective areas

of expertise in optronics, and
expand their offering of products
and services to cover emerging
needs for new defence systems,
including both modernisation
programmes and original
equipment.
The new systems under
consideration include the optronics
pod for the modernised Atlantique
2 maritime patrol aircraft, the
imaging system for the upcoming
French-British MALE (medium
altitude, long endurance) drone,
modular optronics systems for army
land vehicles and optronics for
future helicopters.
Through this partnership, Thales
and Safran aim to strengthen
the national technology base for
infrared (IR) detectors, whose
cost-effectiveness is a key to
the competitiveness of optronic
systems. The two companies will
eventually transfer the infrared

Thales launches GeoMux
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Courtesy: www.thalesgroup.com

Courtesy: ©B.Rousseau©Thales
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Thales recently introduced GeoMux, a new VHF
waveform providing simultaneously three main
services - Voice, Data and Blue Force Tracking.
According to the company,
GeoMux is one of the
most advanced Electronic
Protective Measure (EPM)
VHF waveforms in the
market, and includes
a unique transverse
communication capability
allowing the radio to operate
simultaneously on two
independent radio channels.
The ﬁrst channel is used for
normal voice and data trafﬁc
while the second channel
is used to exchange geographical data. It has been
developed to meet all user operational requirements
in single radio equipment, added the company.
GeoMux waveform will equip all PR4G F@stnet radio
models - handheld, manpack and vehicle stations.

A Memorandum of Understanding
(MoU) was signed between
Cassidian (on behalf of EADS
Deutschland GmbH) and
Alenia Aeronautica S.p.A. to
jointly investigate the potential
cooperation in the ﬁeld of Medium
Altitude Long Endurance (MALE)
Unmanned Aerial Systems (UAS)
and Unmanned Combat Aerial
Vehicles (UCAV).

The French geographic Institute IGN (Institut Géographique
National), acting as the contracting authority on behalf of the
Direction Générale de l'Armement (DGA) of the French Ministry
of Defence, has contracted Thales and Cassidian to carry out
the second phase of the TopoBase Défense Operation. The
goal of this operation is to produce data to feed into defence
geographical databases. The preparation and conduct of
military operations require the armed forces to be able to rely
on a cartographic reference that is pertinent and accessible to
everyone in order to achieve an accurate shared assessment of
the operational situation.

Alenia and Cassidian are aiming
to strengthen their technological
know-how in order to establish a
leading role in the UAS market, said
the ofﬁcial release. This agreement
will help the two companies to
analyse the requirements expressed
by each of their respective
governments in the UAS sector with
the objective to create a strategic
partnership and expand their global
UAS market share.

IGN selected the Thales-Cassidian consortium with Thales
acting as the prime contractor for the TopoBase Défense
Operation. This operation is intended to set up an appropriate
system for producing geographical data (for example, vector
databases, ortho-images, raster maps, etc.) to be fed into
defence geographical databases. The Thales-Cassidian
consortium is responsible for the complete process, from
receipt of requirements of the Armed Forces General Staff
to quality control of the products. The process also includes
drafting of speciﬁcations, deﬁnition of the production reference
frame (procedures, tools, testing) and the management of
subcontractors in order to guarantee the consistency and
homogenity of the totality of TopoBase Défense products.

Bernhard Gerwert, Chief Operating
Ofﬁcer, Cassidian, said, "We look
forward to investigate further
collaboration with Alenia
Aeronautica around a nextgeneration MALE UAS, like for
instance, the Talarion which is of
outmost importance for Europe's
military aviation industry. It will
fulﬁll government security missions
and commercial applications
which cannot be implemented
with current solutions and their
derivatives."
Talarion is the European
programme for a next-generation
MALE UAS to fulﬁl the requirements
initially placed by France, Germany
and Spain for future unmanned
long endurance surveillance and
reconnaissance missions. First
ﬂight of the prototype is scheduled
for 2015 with ﬁrst series deliveries
starting in 2018.

The purpose of the contract, which has a duration of six
years, is to supply the Armed Forces General Staff with
digitised geographical data required for the operation of
numerous weapon and information systems. The use of data
from the TopoBase Défense Operation, which guarantees
consistency of geometry and format, also contributes to system
interoperability, adds the company.
The ﬁrst phase of the Operation was awarded by the DGA to
the Thales-Cassidian consortium in 2005 under the 3D digital
geographical data (DNG3D) programme.
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Cassidian and Alenia
Aeronautica sign MoU

IGN awards Thales and Cassidian
prime contractship

Courtesy: www.cassidian.com

detector technologies that they are
currently developing within their
own units to this new unit.
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capability for live, in-memory
forensic analysis of operating
systems.

Raytheon acquires
cybersecurity ﬁrm
Pikewerks
Raytheon has acquired Pikewerks
Corporation, a privately held
company, to further extend its
capabilities to defend against
sophisticated cybersecurity threats
facing customers in the intelligence
community, Department of Defense
and commercial organisations.
Terms of the transaction were not
disclosed.
According to Raytheon, Pikewerks
will enhance its comprehensive
cybersecurity offerings, including a
range of analysis and investigation
capabilities with particular
emphasis on insider threat
protection, software protection
and forensics. Two high-demand
Pikewerks products are Electronic
Armor, an anti-exploitation software
tool that protects executable
ﬁles; and Second Look, a software

Pikewerks brings one of the
industry's largest repositories of
kernel-level engineering talent on
the Linux Operating System, adds
the company. Pikewerks' founder
and President Sandy Ring and CEO
Michael Ring will, however, remain
with the company.

New imaging division by
General Dynamics
General Dynamics Advanced
Information Systems has created
a new organisation, General
Dynamics Global Imaging
Technologies, to deliver highperformance imaging solutions
to defence, homeland security,
law enforcement and commercial
customers worldwide.
According to the company, the
solutions offered by it are found
in applications that demand the
ﬁnest optical surfaces, highest
accuracy image stabilisation and
tightest motion control tolerances,
such as remotely operated weapons
systems, long-range surveillance

cameras and highly precise
imaging telescopes. Customers
include US military, homeland
security and law enforcement
agencies, international customers
requiring aerial and perimeter
surveillance applications, systems
integrators and broadcast and ﬁlm
production companies.

Elbit Systems of
America purchases
UAS Dynamics
Elbit Systems of America, LLC, a
wholly owned subsidiary of Elbit
Systems Ltd., recently announced
that it has purchased from General
Dynamics Armament and Technical
Products (GDATP) its holdings in
UAS Dynamics, LLC. UAS Dynamics
is a joint venture established by
Elbit Systems of America and GDATP
to provide UAS to the US market.
With this purchase, Elbit Systems of
America has become the sole owner
of UAS Dynamics.
UAS Dynamics will now be a part
of Elbit Systems of America's
Unmanned Systems business
unit which is responsible for both
airborne and seaborne unmanned
systems.

LN-251 embedded GPS/INS for CH-53K helicopter
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Northrop Grumman Corporation has been
awarded a follow-on contract by the US
Navy to provide integration and laboratory
test support for the LN-251 embedded GPS/
ﬁber-optic inertial navigation system (INS)
on the new CH-53K Super Stallion helicopter.
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Northrop Grumman will deﬁne system
requirements for the integration of the
LN-251 system in Sikorsky Aircraft's CH-53K
helicopter, which is in the initial test phase
and is likely to be the world's premier heavylift helicopter for the US Marine Corps.
According to the company, the LN-251 system

is the world's
smallest,
lightest
navigation-grade
embedded GPS/
INS unit in its
class. Its highperformance,
ﬁber-optic
gyro-based
inertial measurement unit
provides a compact, low-noise solution for optimal
sensor stabilisation and navigation applications. The
LN-251 system's modular, open architecture supports
additional applications and evolving requirements.

Mantis now available as standalone product

Mantis is equipped
with a suite
of features to
support communication functions, interfacing to
peripheral devices and displays and multi-channel
synchronisation. For further ﬂexibility, Mantis is fully
customisable to provide unique effects and speciﬁc
features to meet the demands of any simulation and
training needs, the company adds. Mantis is based on
Windows for easy conﬁgurability, management and
use, and leverages industry standards such as CIGI to
interface with host devices.

BAE Systems to provide
C4ISR support

US Air Force awards Joint
STARS support contract

BAE Systems has received USD
132 million US Navy task order to
provide C4ISR technical services
for military operations around the
world. The company will conduct
maintenance, upgrades, logistics,
training and sustainment support
for various equipment, sensors
and systems. These services will be
performed on military structures,
vehicles, ships and small boats.

The US Air Force has awarded
Northrop Grumman Corporation
a 30-month, USD 540 million
contract for Total System Support
Responsibility (TSSR) of the E-8C
Joint Surveillance Target Attack
Radar System (Joint STARS) ﬂeet. This
covers TSSR period 11.5 to 13 which
began May 1, 2011 and concludes on
Oct. 31, 2013.

According to the company, the
award, from the Navy’s Special
Communications Requirements
Division, is a continuation of work
BAE Systems has been performing
for more than 25 years. In many
cases, employees deploy overseas
and are embedded with Special
Operations Forces or other military
units to ensure their readiness.

To date, about 90 BAE Systems
employees have served these
missions, many volunteering for
multiple deployments to Iraq,
Afghanistan and other locations.
The three-year task order under
the Seaport-e contract includes a
one-year base term plus two option
years. The work will be conducted
at government sites around the
world and managed at BAE Systems
ofﬁces in Southern Maryland and
Chesapeake, Va.

The 17-aircraft Joint STARS ﬂeet is
the only all-weather, long-range,
real-time, wide area surveillance
and battle management and
command and control weapons
system in the world. Joint STARS
offers battleﬁeld commanders
real-time situational information,
while simultaneously transmitting
target locations to aircraft and
ground strike forces. According to
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Delivering high-resolution imagery, Mantis features
a full range of special effects, sensors, weather and
lighting along with mission-critical functions such

as height-above-terrain
and line-of-sight
intersection testing.
With additional plugins, Mantis can support
several more effects
including ocean effects
and rotorwash, for an
even greater sense
of realism, said the
company.

Image courtesy: www.quantum3d.com

Quantum3D, Inc.
recently announced
that its Mantis
Real-Time Scene
Management
software platform
will be available as a
standalone, softwareonly product.
Previously sold
with Quantum3D's
Independence IDX
series of image
generators, Mantis
is now available
on the desktop for a wide range of PC hardware
conﬁgurations to match any simulation application,
including ﬁxed- and rotary-wing ﬂight simulation,
ground vehicle simulation, tank simulation, mission
rehearsal, sensor simulation and more.
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the company, Joint STARS is the
only platform in the US arsenal
that combines accurate wide-area
moving target detection with
synthetic aperture radar imagery
to locate, classify and track ground
targets in all weather conditions
from standoff distances. Under
the TSSR programme, Northrop
Grumman is partnered with the
Warner Robins Air Logistics Center
(ALC) to provide integrated logistics
support to the 116th Air Control
Wing for all facets of base and depot
level maintenance.
Courtesy: www.harris.com

Digital wireless video link to
RF-7800T SA video receiver

Harris Corporation is
broadening the capabilities
of its RF-7800T Situational
Awareness Video Receiver
(SAVR) to address
growing requirements
for secure wireless digital
intelligence, surveillance and
reconnaissance (ISR) video at
the tactical edge.
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Harris has integrated the
Small Unmanned Aerial
Systems Digital Data Link
(SUAS-DDL) waveform with the
RF-7800T video receiver. With
SUAS-DDL, the RF-7800T is now
able to simultaneously receive
Advanced Encryption Standard
(AES) video feeds from
multiple small Unmanned
Aerial Systems (UAS).
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SUAS-DDL, a Department
of Defense standard
waveform, provides enhanced
interoperability between
small UAS in the air and
video receivers and control
stations on the ground.
The characteristics of the
waveform allow multiple
UAS to transmit video on the

same frequency. This enables
warﬁghters to monitor ISR
video streams covering a wider
geographic area, leading to
enhanced command and
control and operational
decision-making, said the
company.
The multiband RF-7800T SAVR
delivers real-time video feeds
from cameras on aircraft or
UAS platforms to ground forces.
Designed for the dismounted
warﬁghter as well as for ﬁxed
and vehicular applications, the
small, lightweight RF-7800T
enables feeds to be viewed
outside the TOC and while
personnel are on the move.
As a member of the combatproven Falcon III family of
radios, the RF-7800T leverages
the Falcon III SCA architecture,
allowing the product to remain
on the cusp of emerging
data link standards through
software upgrades. Video feeds
from the RF-7800T are easily
disseminated over Falcon III
radio networks.

Northrop Grumman to
provide CEESIM system to
the US Air Force
Northrop Grumman has been
awarded a contract to provide
a Combat Electromagnetic
Environment Simulator (CEESIM)
system to support maintenance
of the US Air Force E-3 Airborne
Warning and Control System
(AWACS) Electronic Support
Measures Operational Computer
Programme software. The
contract was awarded by Defense
Microelectronics Activity (DMEA).
The CEESIM provides navigation
and pulse data generated from
customised scenarios. It enables
ASIF software engineers to model
a real-world environment and
to test software changes by
injecting pulses into the avionics
hardware.
The AWACS CEESIM system will
replace an Advanced Multiple
Environment Simulator (AMES)
system that has been operating at
Tinker Air Force Base for 14 years.
The CEESIM replacement unit
allows automatic conversion of
legacy AMES emitter ﬁles to CEESIM
emitter ﬁles for seamless reuse of
AISF threat data and test scenarios.
The simulator also demonstrates
the CEESIM versatility allowing
for direct stimulation using radio
frequency, intermediate frequency
and digital outputs, said the
company.

Elbit Systems to supply
Hermes 900 UAS
Hermes 900 offers a range of
enhanced capabilities, from higher
ﬂight altitude (up to 30,000 ft) to
longer endurance and larger payload
capacity. The system's unique
structure enables it to carry a variety
of payloads in different shapes and
sizes for quick ‘conversion’ between
payload conﬁgurations, said the
company.

Lockheed Martin to
provide LCC to GPS III
satellites
The US Air Force has awarded
Lockheed Martin USD 21.5 million
contract to provide a Launch
and Checkout Capability (LCC) to
command and control all GPS III
satellites from launch through early

on-orbit testing. The LCC, which will
be integrated into the Raytheondeveloped Next Generation
Operational Control System (OCX),
will ensure launch availability
for the ﬁrst GPS III satellite in
2014. The LCC includes trained
satellite operators and engineering
solutions in partnership with
OCX to support launch, early orbit

operations and checkout of all GPS
III satellites before the spacecraft
are turned over to Air Force Space
Command for operations. The GPS III
programme will affordably replace
aging GPS satellites while improving
capability to meet the evolving
needs of military, commercial
and civilian users worldwide. The
satellites will deliver better accuracy
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Courtesy: www.shephardmedia.com

Elbit Systems Ltd. has bagged a contract,
valued at about USD 50 million, to
supply Hermes 900 Unmanned Aircraft
Systems (UAS) to a governmental ofﬁce
of a country in the Americas. The UAS
will be operated in a variety of perimeter
security missions, said the company.
The project will be performed over
approximately one year. The UAS will also
include systems such as the Universal
Ground Control Stations (UGCS), Elbit
Systems Electro-Optics Elop's highly
advanced DCoMPASS payload systems, as
well as satellite communication systems.
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March Networks teams with
Software House

and improved anti-jamming power
while enhancing the spacecraft’s
design life and adding a new civil
signal designed to be interoperable
with international global navigation
satellite systems
The GPS III team is led by the Global
Positioning Systems Directorate at
the US Air Force Space and Missile
Systems Center. Lockheed Martin
is the GPS III prime contractor with
teammates ITT Exelis, General
Dynamics, Inﬁnity Systems
Engineering, Honeywell, ATK and
other subcontractors.
March Networks recently announced integration of its awardwinning Command video management platform with the
Software House C•CURE 9000 Security and Event Management
System. The integration provides customers worldwide with
a single, centralised solution that enables faster incident
response, improved risk management and more efﬁcient
security operations through the seamless interoperability of
video surveillance and access control, said the company.
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The certiﬁed integration is bi-directional, allowing both alarms
and events from a Software House C•CURE 9000 system to
be seen by - and sent from - the March Networks Command
video management platform. An access control badge used
after-hours, for example, can trigger live video pop-ups in the
C•CURE 9000 interface to support real-time visual veriﬁcation.
Or an access control alarm, such as a forced door entry, can
initiate actions in command, including real-time video
monitoring and automatic video recording of the incident. All
C•CURE 9000 events appear within the system alarm logs and
can be used to quickly locate and play back recorded video.
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March Networks' comprehensive Command platform
provides the centralised management and integrated access
to information, added the company. The software allows
customers to efﬁciently install, deploy and manage their
surveillance infrastructure from any location, and scales
to support as many as 1,28,000 cameras. It delivers key
capabilities such as mass conﬁguration and management that
lower installation and maintenance costs signiﬁcantly.

Lockheed Martin acquires
Procerus Technologies
Lockheed Martin recently
announced the acquisition of
Procerus Technologies. Founded in
2004, Procerus is a privately held
company that provides autopilot,
targeting and payload technologies
for micro UAS to domestic and
international governments, as
well as industry and academic
institutions. Among its key
technologies is the Kestrel autopilot
system, the smallest and lightest
full-featured micro autopilot system
considered ideal for surveillance
and reconnaissance applications.
Lockheed Martin Mission Systems
and Sensors (MS2) will manage
the Procerus business. MS2, based
in Washington, D.C., is part of the
Corporation's Electronic Systems
business area and has experience
within this area with its Desert
Hawk, Persistent Threat Detection
System aerostats, K-MAX unmanned
helicopter system, and high altitude
airship programmes.

NEWS - Satellite News

India recently inked an agreement
with Russia for receiving precision
signals from Glonass. These signals
will allow missiles to strike within
half-a-metre of distant targets.
Recently, there were reports that US
had blocked GPS signals to Iraq and
inserted erroneous signals which
misled the then President Saddam
Hussain's generals. The move is
being seen as an attempt by India
to reduce its dependency on GPS
signals.

Pleiades 1A in orbit
Pleiades 1A, the ﬁrst new-generation
observation satellite operated by
French space agency CNES was
recently launched from the French
Guiana.
The Pleiades satellites are dedicated
to dual (military/civil) observation
applications. They feature an
optical instrument with an
aperture of 65 cm and providing
multispectral views in the visible
and near-infrared bands, with
very high resolution (50 cm) and a
swath width of 20 km. According
to the Thales Alenia Space, which
is working on the project with
industrial prime contractor Astrium,
this instrument is three times
smaller than previous onboard

optical instruments, due to a new
technology of highly integrated
detection sub-assemblies, plus
an ultra-stable carbon composite
structure and Zerodur mirrors. This
compact architecture means that
the satellite offers an improvement
in terms of tilting capacity, for
fast pointing and thus greater
operational ﬂexibility, adds the
company. The Pleiades satellites
are French dual-use observation
satellites which will meet the
needs of both civil and military
users in Europe for a wide range of
applications, including mapping,
urban development, hydrology,
geophysics, vulcanology, etc.

Japan launches
reconnaissance satellite
After the successful launch
in September last year, Japan
recently launched its second radar
reconnaissance satellite into orbit.
The satellite, which carries a
synthetic aperture radar instrument
designed to see through clouds
and take pictures of the Earth
during night as well, is expected
to boost the country’s intelligencegathering capacities. The
development of the new radar
satellite is said to have cost
the government about USD 512
million and the launch cost nearly
USD 132 million.

China’s Beidou network gets
tenth satellite
China recently launched the tenth satellite of its global navigation
and positioning network system called Beidou or Compass. With this
launch, the basic structure of Beidou system is said to have been
established. Engineers are now conducting comprehensive system
test and evaluation to determine whether the system is functioning
as planned.
The Beidou network, comprising 30 satellites, is scheduled to be
completed by 2020. Started in 2000, this satellite navigation system is
meant to decrease China's dependency on GPS.

Beidou can aid
bombs
Reports suggest that
the commercial debut
of Beidou satellite
navigation system can
help China turn its dumb
bombs into smart bombs.
For example, Lei Shi-6
(LS-6) 'Thunder Stone', a
precision-guided glide
bomb which was ﬁrst
unveiled in 2006, is said
to be one of the most
lethal bombs in the
world. It is similar to the
US’ Joint Attack Direct
Munition (JDAM) which
relies on US satellites for
guidance.

The navigation
capabilities provided by
the Beidou system will
help aircraft pilots release
the smart bomb from a
distance, thus limiting
their exposure to enemy’s
aircraft or air defence
system. The LS-6 is said
to have a range of 60km
when dropped from an
altitude of 10,000m and
40km at 8,000m. These
bombs could also be
mounted on carrier-based
aircraft, which China is
said to be developing,
giving it an edge over its
adversaries.
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India to receive Glonass
signals
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An eye in

he technology of
earth observation has
seen many changes
over the past few
years with four major
trends emerging.
The ﬁrst is the government-funded
missions for earth observation,
using a variety of sensors on large
satellites which address mapping
as well as scientiﬁc studies. The
news, however, is dominated by
the second trend consisting of
commercial imaging satellites
with sub-metre spatial resolution
for land applications. The third is a
shift away from big multi-sensor
satellites towards small singlefunction satellites. The fourth
trend is to use small satellites
in constellations and swarms.
Furthermore, these trends tend to
overlap with each other. RapidEye is
a commercial constellation of small
satellites while Disaster Monitoring
Constellation (DMC) is government
owned but operated by DMCii.

<< Satellite industry is witnessing
changes like never before. The
advancement in technology is
creating ample opportunities for
this industry, and in the process,
setting new trends... >>
Image: GeoEye 2 Courtesy: Lockheed Martin

the sky

Large earth observation satellites
are being supported by government
agencies. India has its IRS series
and is perhaps the only country to
have such a large commitment to
continuing government-funded
earth observation satellites and
application programmes. Apart
from its workhorses, INSAT,
RESOURCESAT and CARTOSAT, the
Indian programme also involves
the piggyback launching of small
satellites from different countries
and more recently nanosatellites
like SRMSat and Jugnu from
educational institutions. Joint
programmes include MeghaTropiques and SARAL, in
collaboration with CNES, France.
The recently launched Pleiades
1A is the ﬁrst of a new generation
satellites operated by Astrium
Services. Pleiades 1A will be followed
between 2012 and 2014 by SPOT 6,
its twin Pleiades 1B and ﬁnally SPOT
7. Built around similar architecture
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The US Landsat programme has
ended with Landsat 7. NASA has
launched the new millennium
p g
(
) for next
programme
(NMP)
generation spacecraft. The ﬁrst was
EO-1, which, among other mission
goals, was ﬂown in constellation
d with
ith Landsat
L d t 7. EO-1
EO mission
i i
mode
has ended and the NMP has no
other satellites planned. The
Landsat Data Continuity Mission
(LDCM) is expected to be launched
in late 2012 and will carry two
sensors, the operational land
imager, OLI and the thermal
infrared sensor, TIRS. NASA is also
concentrating on their follow-on
to the EOS missions, the
earth systematic
missions (ESM)
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programme which will continue
to advance understanding
understt
of
the climate system
m and climate
change. The ESM is a three-tiered
programme. Apartt from this, there
are joint missions with
w NOAA for
weather and clima
at studies.
climate
Europe has two ma
a programmes,
major
GMES and the Living
Livin
n Planet. The
satellites are one off
of speciﬁc
mission oriented satellites
sa
a
which
form part of the to
t programme.
total
The Living
g Planet contains
co
o
science
and research elements
eleme
e
which
include the earth explorer
e
missions
and an earth watch
h element, which
iis designed
d i
d to
t facilitate
f ili
the delivery
of earth observation data for use
in operational services. Global
monitoring for environment and
security, GMES includes ﬁve sentinel
satellites, each unique in its mission.
Meteosat third generation satellites,
in collaboration with EUMETSAT, will
provide continuity of the Meteosat
series of meteorological satellites.
José Achache, Director, Group
on Earth Observations (GEO)
Secretariat points out that “host
payloads are a fantastic
opportunity.

It may be very difﬁcult to handle
because space agencies do not
like that. They want to build their
own satellites and they want to
go for cutting edge technology
and new developments. But this
is an opportunity; it is going to be
a new trend”. Megha-Tropiques is
in fact an Indian bus with hosted
payloads from India and France.
Another interesting view of José
Achache is that “Imagery from GEO
will be interesting as well because
it provides a revisit time which is
of the other minutes that gives an
entirely different perspective on a
number of highly viable processes”.
Matthew O’Connell of GeoEye feels
that multiple satellite launches
is also a good cost-cutting idea
and points out that RapidEye
constellation was launched this
way.
While the large satellites will
continue to be launched, there
is a trend towards smaller single
mission satellites. At the 8th IAA
Symposium on Small Satellites for
Earth Observation held in April
2011 in Berlin, Germany, some of
the key ﬁndings were summarised
by Sir Martin Sweeting, Executive
Chairman SSTL. In the next 5 to 10
years there will be more

The satellites are also shrinking
in size. Small satellites or
minisatellites fall in the range of
100 to 500 kg in weight. Satellites
in the range of 10-100 kg are called
microsatellites; one to 10 kg
satellites are

SanFrancisco as seen by Pleiades 1A

called nanosatellites and 100 gm
to one kg are called picosatellites.
While mini and micro satellites are
now operational, nano and pico
satellites are research areas. Mini
and micro satellites operate in
constellations. They are controlled
from the ground. Nano and pico
satellites will form parts of satellite
swarms which are autonomous in
their control and may communicate
through a ‘master’ satellite which
could be a mini or micro satellite.

Sensors
There are a plethora of sensors but
considering the imaging sensors
alone there are three major
ones. The ﬁrst are the
tried and
tested

Courtesy: http://smsc.cnes.fr

CCD multispectral and
panchromatic imaging sensors.
Operational sensors have already
reached 40 cm spatial resolution
and this could be near the limit
from space borne optical sensors,
according to Martin Sweeting.
Matthew O’Connell has the
same view. The next generation
GeoEye-2 will have a resolution of
0.33m. This could be stretched to
0.25m but beyond this it would
call for signiﬁcant design change.
Kumar Navulur, Director, Next Gen
Products, DigitalGlobe feels that
design and orbit height, which has
a signiﬁcant effect on satellite life,
will decide the resolution limit.
According to him, 0.25m is realisable
with the current technology. He
also sees the number of bands
increasing from four to 20 and
beyond, which falls in the deﬁnition
of hyperspectral sensors. The
commercial WorldView
2 satellite of
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constellations of earth observation
satellites like RapidEye. Satellites
will get fractionated, that is, each
satellite will form a functional
part of a total system. There
may be separate satellites for
different functions like imaging,
processing, transmission, etc.
These could be through sparse
aperture arrays, reconﬁgurable
systems, in orbit assembly of large
structures and free-ﬂying swarms.
Such satellites create a greater
opportunity for participation in
space activities by smaller countries
as the examples of NigeriaSat and
SumbandilaSat have shown. The
disaster management constellation
is an example of multi-nation
cooperation. The challenges are
regular, timely and economical
launches and a method of removal
of space debris that pose a serious
risk to small satellites. Matthew
O’Connell, on the other hand, feels
that small, single-sensor satellite
constellations like RapidEye may be
a great idea for coverage and such
satellite/sensor combinations will
grow but high resolution precision
sensors will always be needed by
users.

19

Prior to 2009, no
commercially available
satellite system was able to
provide very high temporal
resolution with consistent
radiometry at a competitive
price. To address this issue,
the RapidEye optical satellite
system, which consisted of
ﬁve identical satellites, was
developed and launched. In
the system’s design phase,
the agricultural industry
was identiﬁed to have the
highest market potential for
improved earth observation
(EO) imagery and related
services. Consequently,
the system was designed
to meet the following
parameters:

»
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»
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Inclusion of a special
red-edge-band for
vegetation analysis
in addition to 4 more
radiometric bands for
blue, green, red and
near-infrared.
A high radiometric
resolution of 12
bit for improved
classiﬁcation results.

»

A native ground
sampling distance of
6.5m, orthorectiﬁed
to 5m pixel size for all
ﬁve spectral bands.

»

A very large imaging
capacity of up to 4.2
million sq km per day.

»

Automated image
processing for rapid
delivery and quick
turnaround within 24
to 48 hours.

The biggest challenge for
any optical satellite system
is the desired minimal
cloud coverage over an area
of interest at any given
time and the best way to
overcome this principal
problem is to increase
revisit times, which in turn
increase the opportunity to
capture favourable weather
conditions. The system,
with ﬁve identical satellites
and a wide
swath width
of 77 km, has
ﬁve times more
opportunity
than a single
satellite of
the same
speciﬁcation.
The satellites
can also be
pointed up to
20 degrees offnadir. However,
with more
opportunities for nadir
imaging, this lessens any
terrain-induced geometric
distortions in mountainous
areas.
However, the operation
of a constellation of ﬁve
identical satellites does
not differ much from
the operation of a single
satellite, as these satellites
too require just one
ground station contact per
90-minute orbit. In daily
contacts with the control
centre in Brandenburg,
Germany, the satellites
exchange technical status
information, which is

registered and analysed
automatically. Every 30
to 90 days, each satellite
must be adjusted back to
its initial altitude by ﬁring
the onboard rocket engines.
While the original design
for the constellation was
seven years, the onboard
fuel tanks actually have
enough capacity to
maintain the 630 km

used for the calculation
of calibration parameters.
Such procedures ensure
that the satellites are
calibrated relatively to each
other, while the spectral
information itself is not
distorted.
In comparison to single
satellites, there are
some advantages for

The RapidEye constellation of satellites
altitude until 2017 or even
longer.
Imaging the earth with
a ﬂeet of ﬁve satellites
requires additional effort
in relation to sensor
calibration. For the end user,
the quality of an image
from one satellite must be
equal in quality to imagery
from any of the other four.
In order to maintain and
guarantee identical imaging
parameters, the system uses
a number of calibration sites
located in different parts of
the world. These are imaged
by all satellites regularly
and the collected data is

constellations of multiple
identical satellites like better
imaging performance,
resulting in fast coverage
of large areas, especially
important for cloudy areas
and the system redundancy.
The system is designed to
counter emergencies and
the programme can be
fulﬁlled even if a satellite
ceases to function.
Dr. Rene Griesbach
RapidEye Germany
Stefan Oeldenberger
German GeoConsultants
Group, Tunisia & Libya

Talking of radiometric resolution,
Kumar Navulur says that 11 to
12 bit resolution is essential and
will increase to about 16 bits but
not beyond. Such resolution will
compare to aerial sensors but
satellite sensors will never replace
aerial sensors.
Another area is stereo coverage,
which is achieved by fore and
aft looking cameras or by using
very agile satellites that can be
repositioned to image areas at
different angles to create stereo
pairs. Agile satellites can also
image small areas and also sweep
large areas. Extreme oblique views,
up to 40 to 50 degrees off nadir,
are also gaining ground in some
applications.
Hypespectral sensors form the
second group of sensors. Some
are already available on several
satellites like EO1 and Aster and will
be available on most of the future

<< High resolution data
is also high volume
data. Even though
modern data storage
media have extremely
high capacities but
the data deluge can
still overpower such
capacities >>

imaging satellites. The
third group of sensors
are the synthetic
aperture radar, SAR.
All major government
backed programmes
have the SAR as a major
component.

Host payloads are a
fantastic opportunity. It
may be difﬁcult to handle
as space agencies do not
like that. They want to
build their own satellites
and go for cutting edge
technology. But this is an
opportunity; it is going to
be a new trend

There are several
synthetic aperture
radar satellites in
- Jose Achache
orbit and more on
Director GEO
the way. Two of these
Secretariat
are ISRO’s RISAT-1 and
ESA’s Sentinel-1. RISAT
(Radar Imaging Satellite)-1 is one
groundwater in north-west India,
of a series of Indian radar imaging
largely comprising of Punjab and
reconnaissance satellites being
Haryana - a fact well known but not
built by ISRO to provide all-weather
its extent, measure and potential for
surveillance using synthetic
damage.
aperture radars. The synthetic
aperture radar onboard RISAT will
Data Processing
have the ability to acquire data
at C-band in different modes of
Earth observation has become
polarisation, incidence angle and
an important source of data but
resolution. The Sentinel-1 mission
it requires processing like geohas a C-band SAR instrument which
referencing and ortho-rectiﬁcation
provides three radar imaging modes
before they can be integrated into a
with dual polarisation capability
GIS database. Such pre-processing
(HH-HV, VV-VH).
is largely done automatically
today, the only exception being the
Other Sensors
generation of true ortho-imagery.
Weather, environmental and
GIS-ready ortho-imagery is available
other scientiﬁc satellites have
which typically provides a ninety
a wide range of sensors. They
percent circle of error (CE90%) of
include thermal scanners, optical
4.8m. It does not come cheap and
and microwave radiometers,
may cost anywhere up to USD 90
scatterometers and altimeters.
per sq km. GIS-ready imagery is
Typical satellites are Sentinel 4
available from many sources like
and 5 from ESA and NPOESS from
TerraLook, a joint project of the
NASA. While at the outset these
USGS and the NASA jet propulsion
might look like scientiﬁc missions
laboratory (JPL). There are many
of little use to practical resources
private companies that can produce
management there are also
customised datasets as per client
surprises. José Achache points to
needs including integration with
the outcomes of the GRACE mission
aerial data and other sources.
as an example. GRACE or gravity
recovery and climate experiment
It would make sense to have
was intended to primarily measure
critical features pre-extracted like
the earth’s gravity ﬁeld and its time
transportation and drainage since
variability with unprecedented
it is only based on such features
accuracy, but it could also be used
that one can query a GIS. At the
for looking at changing of the water
moment image classiﬁcation,
table at small scale. Researchers
change detection and feature
using GRACE data found that
recognition are possible through
there is an alarming depletion of
image processing tools. The
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DigitalGlobe has an eight- band
sensor. Sentinel 2 has a MSI sensor
with 13 bands. NASA’s OLI and TIRS
data on board LDCM will provide
15m panchromatic and ten-band
multispectral data, ﬁve 30m
resolution in the optical range, three
30m resolution in the near IR and
two 100m resolution in the thermal
IR ranges. Matthew O’Connell, on
the other hand, feels that more
bands may only be of academic
interest.
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<< Every major military effort and every
major disaster relief is a coalition effort and
imagery has to be shared rapidly. That requires
two things, the imagery has to be unclassiﬁed
and there must be effective and efﬁcient web
distribution of imagery >>

technology is looking at issues
like 2D and 3D object extraction,
including building reconstruction
and 3D city modelling. Techniques
being addressed are surface
modelling and reconstruction,
surveillance and change detection,
learning and statistical methods
for object extraction, automated
sensor orientation and data fusion
including information from GIS, BIM
or CAD.
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High resolution data is also high
volume data. Most data users are
aware of the hassles of storing
petabytes of data. Even though
modern data storage media have
extremely high capacities but the
data deluge can still overpower
such capacities. Further, data once
used becomes a dead investment.
Data as a service is a model that is
being explored to overcome such a
situation. While Google showed the
way initially, there are a number of
such data providers like Bing and
also very comprehensive sources
which enable multiple dataset
collection and analysis like Eye on
Earth by European Environment
AGency (EEA) and World Wind by
NASA. India has its Bhuvan, which
is touted as India’s reply to Google.
China too has its own Google type
service.
Matthew O’Connell wants to make
it easy for non-technical people to
access, manage and share imagery.
For this, GeoEye has developed a
platform called EyeQ. That then

ties into another aspect of Web
distribution which is the Cloud.
In fact, GeoEye is using the Cloud
for an NGA initiated programme
called the rapid dissemination of
online geospatial information. Every
major military effort and every
major disaster relief is a coalition
effort and imagery has to be shared
rapidly. That requires two things,
the imagery has to be unclassiﬁed
and there must be effective and
efﬁcient Web distribution so that
disaster relief, whether it is in Haiti
or in Japan, can get the imagery
through the Web and they have to
be able to select only the imagery
that they need. One thing that
GeoEye focussed on in the design of
their service was letting people chip
out just the image they needed. So
if they want to see the Fukushima
nuclear plant, they need not
download too much of data because
then the imagery is very large and it
is hard to transmit.
DigitalGlobe solves the problem
of data volume in three ways.
First, scaling is used to reduce
data volume by nearly 98 per cent.
Second, very fast processors are
used to do the pre-processing on
the ﬂy. Third, data is stored on the
Cloud. This enables users to get
data within hours of acquisition
on any device. There is also a move
to extract layers like bathymetry,
land cover, change detection and
providing the same as GIS-ready
imagery.

real-time data or near real-time
data is yet to be established. Realtime or near real-time high or
medium data, which is needed to
address disasters, requires setting
up of an operational system.
The DMC constellation is one
approach to address this need.
Ultimately, a system which directly
downloads imagery to the end
user will be required. This exists for
meteorologist and oceanographers
but is not yet developed for land
based applications.

Conclusion
The world of earth observation
is dynamic and fast changing.
Technology requires funds and end
users. The utility of space-based
earth observation has been proved
beyond doubt but without proper
downstream use of the information,
the technology will remain
underutilised.
Private players have cutting edge
technologies at their command
which they have used to address
niche markets but have had
problems in this market. The
beneﬁts of earth observation
often cannot always be valued in
monetary terms. Take, for example,
the study on groundwater depletion
quoted earlier using data from a
government sponsored satellite. It
will be impossible to monetise this
information but it will be foolhardy
to ignore it because it cannot be
monetised.

Prof. Arup Dasgupta
While these are great initiatives,
it needs to be pointed out that
satellite data as a service for

Managing Editor
Geospatial World

arup@geospatialmedia.net

Military Satellites

military purposes can
also play a crucial role
in surveillance, early
warning, intelligence and
communications, especially
in a country with varied
topography like India. The
article digs deep into the
role of satellites in the Indian
environment and the way
ahead in this direction >>

can provide in dissuasion and
deterrence against the backdrop of
India’s defensive – offensive strategy.
India’s military vista in the near
future will extend to the Tibetan
plateau and the Indian Ocean on
the North South, and the Gulf of
Hormuz and the Western Paciﬁc
on the East West axis. Continuous
satellite coverage within this area
would be necessary and may have to
be provided for in the years ahead.
Satellites can also play a major role
in counter insurgency operations
spread over the mountainous
and hilly patches of ground in
Jammu and Kashmir and the
North East. Besides, they will also
prove invaluable in mapping the
uncharted jungles infested by
left wing extremists, commonly
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ndia’s operational
environment is extremely
complex. The terrain
panorama spreads from the
scabrous super-high altitude
pinnacles of Siachen to
the hot deserts of Rajasthan, and
humid tropical jungles of Andaman
to the Himalayas in Sikkim and
Arunachal Pradesh. The Tibetan
plateau and Karakoram mountains,
too, hold a lot of signiﬁcance for
the country. Therefore, the variation
in topography poses an intricate
military challenge for men and
machines alike. Moreover, tactics
and operational art required to
be applied in these varied areas
necessitates considerable ﬂexibility,
particularly to exploit force
multipliers as satellites in varied
scenarios. Of particular importance
is the advantage that satellites

Courtesy: wikipedia.org

<< Satellites used for
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<< Operational
exploitation of satellites
would necessitate
deliberation on three
Ts of terrain, tactics
and technical parameters;
else these will end up
as merely “toys for boys”
in space >>

GEOINTELLIGENCE Jan – Feb 2012

known as Naxals. Operational
exploitation of satellites would
necessitate deliberation on three
Ts of terrain, tactics and technical
parameters; else these will end up
as merely “toys for boys” in space.
Some issues which can facilitate
optimal operational employment
are covered herein within the larger
facet of military exploitation of
space.
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As is generally known, satellites
used for military purposes, which
include both categories of dedicated
as well as dual use, can perform
the operational roles to include
surveillance, reconnaissance, early
warning and imagery, intelligence
(particularly electronic and signal
intelligence), the all ubiquitous role
of navigation, communications and
broadcast relays and provision of
metrological details. All these are
functions that can also be carried
out by terrestrial based systems,
but satellites provide additional
advantages and expand the area
of coverage globally. However,
there is a need to highlight some
issues of signiﬁcance in the Indian
environment in order to make
effective use of their inherent
potential.
To achieve the best operational
results in the early warning role
in terms of imagery, surveillance
and reconnaissance, satellite
coverage required would have to be
uninterrupted. A variety of roles are

performed in this spectrum with
growing importance of detection
of launch of ballistic missiles in
the future. But, others such as
eavesdropping to imagery have
become commonplace. However, the
challenge is of continuous coverage
of the area or at least avoiding gaps
between two operationally relevant
events. This requires enormous
resources and may become
challenging for countries like India.
The way ahead seems to be the
launching of a large number of mini
and micro satellites.
Yet another aspect is the
establishment of ground stations
and interpretation. Specialisation
in this ﬁeld is necessary for full
exploitation of satellite imagery. An
image which cannot be interpreted
accurately results in substantial
wastage of resources. Thus, there is
the need for creating a large pool
going down to the tactical level,
for exploitation of this advantage
that can be obtained from satellites
virtually at the forward edge of
the battleﬁeld. Fructiﬁcation of
ambitious projects such as the
future infantry soldier system
(F-INSAS) will not be feasible unless
this capability is developed.
Another essential aspect is
integration of other surveillance
resources such as reconnaissance
aircraft, unarmed aerial vehicles

(UAVs), electronic and signal
intelligence assets, ground-based
sensors and even vehicle borne or
foot mobile patrols for conﬁrmation
and real time alerts on information
generated by satellites. Integrating
all information and intelligence
assets along with satellites is
important to derive full beneﬁt from
the unique capability of satellites
to cover a wide area by varied types
of sensors, be it optical or infrared.
Such an integrated capability would
be important for creating a screen
of deterrence against any envisaged
operational activity by an opponent.
For instance, it was activation of
radar in disuse over a long period
by satellite spotting that ﬁrst gave
an indication of Saddam Hussein’s
intention of invading Kuwait in
1990.
Integration is also necessary
to develop information and
intelligence in areas which have
not been mapped previously
such as the Abujmarh hills of
Central India, which have become
a stronghold of the Naxals. In this
case, satellite mapping will have
to be supplemented by integrated
use of UAVs with sensors which
can penetrate dense foliage and
foot patrolling to build a complete
grid of terrain and possible rebel
hideouts in the ﬁrst place. This
template can then be used for
charting out changes occurring

Navigation is an important
function for the military. While
precise guidance has been
prevalent for weapons for some
time where satellites provide an
important input even though the
terminal phase may be through
other means, there is increasing
focus on precision operations
which can be achieved by providing
very accurate ﬁx of operational
assets across the spectrum of
arena of interest. A dedicated
navigation system is necessary to
achieve a high degree of accuracy
and ensure uninterrupted
coverage, both in terms of time
and manipulation.
Fielding the Indian Regional
Navigational Satellite System
(IRNSS) is therefore imperative
and current plans denote possible
completion between 2015 and
2020. Mutual synergy can be
achieved with systems ﬁelded by
strategic partners such as Russia
for GLONASS or the United States
GPS as Indo US strategic relations
develop. However, the necessity
to have assured navigational
coverage for precision guidance
of personnel, units and weapon
systems needs to be underlined.
Building up on GAGAN or GPS
aided geo augmented navigation
for civil aviation may provide the
necessary base for creation of an
IRNSS at an accelerated pace. The
IRNSS would also have to cover
the entire span of area of interest
and not be restricted to the Indian
sub-continent.
The signiﬁcance of such a system
can be underlined by the fact that
GPS signals are not only susceptible
to manipulation at source but also
jamming and interference. Given
the extensive dependence on GPS in
all spheres, interruption will create

a huge gap of credibility affecting
operations, both in the physical
and the psychological dimension.
In case the man in the front line
loses faith on his navigation aid or
effectiveness of missile launched
credibility gap, it may prove to be
a battle winning moment for the
opponent and would have to be
guarded against by creating the
IRNSS.
Meteorological function is another
important dimension of accuracy
as well as identifying suitable
periods for conduct of operations.
Its tremendous importance can
be highlighted from the fact that
the United States has operated the
defence meteorological satellite
programme for the past many
decades. In the Indian context,
weather mapping is important for
operations in the Himalayas as well
as the Indian Ocean region, thereby
highlighting the signiﬁcance of
such a system.
Communications function
of military satellites is well
established. The higher bandwidth
provided by communication
satellites may induce armed forces
to employ more of these in the
future. Flexibility and depth offered
by communication satellites make
these a particularly attractive
option for use by military personnel
and units. Such links are important
for desant operations by para and
special forces, ships and long range
aircraft.
Finally, the issue of anti-satellite
weapons needs to be addressed. The
Defence Research and Development
Organisation (DRDO) has been
indicating such a capability in the
long term, both in the LEO and the
higher GEO orbits. Without going
into the nuances of weaponisation
of space and outer space treaty,
such a capability may be necessary,
not for use but for dissuasion and
deterrence of a possible adversary
and has to be in the strategic
armoury of the country as soon as
feasible.

GSLV-F01 on the launch pad (2004)

The wide variety of military
functions that satellites can
perform in the Indian environment
have been broadly covered herein.
These are roles that have been
carried out over a period and have
been commonly accepted. The
necessity for ownership of satellites
assets, either in terms of platforms
or allotment of capacity on dual
use ones for smooth conduct of
military operations in the future,
is amply evident. This would have
to be a part of the overall national
security strategy in case the aim
is to retain national autonomy.
This will create a high degree of
dissuasive capability against a
nuclear, conventional as well as sub
conventional threat, provided that
full spectrum systems are ﬁelded
and integrated with other assets
such as UAVs.

Rahul Bhonsle
Director, Sasia Security-Risks.Com

rkbhonsle@gmail.com
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through continuous imaging,
thereby identifying hot spots of
guerrilla activity and then targeting
the same accurately. Such a
paradigm has apparently not been
developed and needs consideration.
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Technology

Exploiting
IMINT using RPCs
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MINT (Image
intelligence) plays a
dependable role in
planning the tactical
ops. High resolution
satellite images today
are exploited at various
levels for the purpose
by numerous organisations.
The process of target detection/
identiﬁcation does not vary much
from the workﬂow conventionally
adopted for aerial photos, except
for the switching over to digital
domain. However, there are rapid
advances in ‘geo-ﬁxing’ of the
target for its accurate location and
elevation.
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Various sensors onboard the
orbiting satellites enable the preprocessors to attach geographic
coordinates to imagery. The accuracy
of these geo-tags varies with
sensors, and the processing levels/
strategies. While the sub-meter
pixel images with about decameter
accuracy are available commercially
as value-added products, they
come with a discouraging price
tag. A prudent approach could be
to acquire a standard product with
coarse positioning and then do the
value addition at the user-level.

required to exploit the geometric
information. They are a set of 80
mathematically camouﬂaged
coefﬁcients, which are a bit tricky to
decipher. The RPC-based approach
relieves the photogrammetric
operator from the nuances of
sensor-speciﬁc physical sensor
models.
The coefﬁcients relate the line and
pixel numbers of a target in the
image to its real-world coordinates
- latitude-longitude-height.
Depending on the accuracy of these
coefﬁcients, the product cost varies.
The ‘nearly raw’ RPCs associated
with standard products envelope
the systematic and random errors.
The ratio of these two contributing
errors varies with sensors and
product types. Systematic errors
shift the whole scene to a different
geo-location. The terrain-induced
effects (such as relief and building
leans) are the dominant random
errors.
Improving the geo-location

accuracy of images demands a
provision of control points. Control
points are well-deﬁned sharp
features (such as ﬁeld bunds)
identiﬁed clearly on image, accessed
unambiguously on ground for
measurement (such as GPS survey)
or alternately derived from legacy
databases. It is palpable that the
collection of control is an arduous
and expensive process; leave alone
the typicality like ground survey
in denied areas. Hence, the eternal
emphasis in mapping projects is on
minimising the number of control
points.
While there are many
software solutions seizing the
merits of RPCs at single scene/
pair level, the core issue of
‘mathematically stitching’ multiple
contiguous images, popularly
referred as ‘block adjustment’
does not have many options. There
is vast scope in exploiting RPCs
in the intricate process of blockadjustment of a set of overlapping
stereo pairs to achieve geometric

Rational Polynomial
Coefﬁcients (RPCs)
RPCs portray the conventional
sensor/orbit/attitude data
pertinent to the satellite imagery,

(Major constituents of TerraBlock library. Presently, Block Adjustment is fully completed, and Orthorectiﬁcation is under development.)

seamlessness. A few cases where
RPCs can be very effectively
exploited in geo-intelligence turf
are:
>> Measuring 3D coordinates of the
point of interest
>> Deducing the height of a target
from a single image
>> Ortho-rectifying the image
(scale corrections)
>> Producing portable stereo
models of the area of operations

Figure 1: The block of Cartosat-I stereo data covering part of Jammu. At right is the GeoEye block of three
stereo pairs over part of Odisha. The images are painted in pseudo colour for visual distinction

>> Terrain modelling and many
more

TerraBlock: An
indigenous development

Test results with
Cartosat block
The data of Chenab, Jammu
is covered by seven stereo
pairs by Cartosat-I, viz.,
Row 248 from Paths 508
through 511; and row 249 of
Paths 510 through 512. The
block of images is shown in
Figure 1. Five control points
used for adjustment are GPSsurveyed. 132 check points are
photogrammetrically generated.

Figure 2

The RMS error at check
points is 2.6m in plan and 3.1m
in height. The maximum height
deviation is 6m. The point-wise
error in height deviation is shown
in Figure 2.

Test results with
GeoEye block
The block comprised 6 images (3
stereo models) covering part of

Odisha of Paths 507-328, 507-332,
and 507-337 has been taken for
study. GeoEye-1 input images
are processed as Standard
Geometrically Corrected-GeoStereo
and are in the spatial frame of
WGS84/ UTM N45/ Ellipsoidal
height. The two control points used
are GPS-surveyed. The 73 check
points are photogrammetrically
generated. The RMS error at the
check points is 51 cm in plan and 34
cm in height. The maximum height
deviation is 72 cm. The point-wise
error in height deviation is shown in
Figure 3.
The salient feature of this product is
that it can write the reﬁned RPCs in
plain text format. This means they
are readily usable in third-party
commercial software.

Summary
The software, an indigenous
solution for the complex subject of
Block Adjustment, has been tested
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Mobiterra has invested in
understanding the algorithmic
complexities and developed a
software library with component
functions. The module, TerraBlock,
has been designed, developed
and tested using many datasets
successfully. The module reads the
RPCs as formatted by ISRO, reﬁnes
them using control and tie points,
and computes the adjusted ground
coordinates of target location in
3D. It offers a choice of reﬁnement
models based on the number
of control points. The image-toground and ground-to-image
transformations, the test results
and the analysis are discussed
herein.
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successfully for multiple cases. Two
test cases for Cartosat-I and GeoEye
are discussed. The accuracies in
plan and height are typically of the
pixel size in each case. The target
coordinates can be optionally
computed in UTM in addition to the
geographic system. The reﬁned RPC
ﬁles are written for interoperability
with third party COTS modules. The
applications of RPCs in the realm
of IMINT/GEOINT are identiﬁed. The
software can further be extended
to process other high and medium
resolution satellites easily.

Figure 3

Table 1: Major Constiuents of TerraBlock Library

Fitting the RPCs

Ground to Image
Function

Image to Ground
Function

RPC File, RPC Fitting
error on check points

To ﬁnd image coordinates for the
given ground coordinates.

For given image coordinates and
height, it ﬁnds the
corresponding ground coordinates.

RPC_Process *RFM; RFM=new RPC_Process;
RFM->setTotalImages( No.of.Images);
RFM->setIndex_Value(0);
RFM->setGRIDFile(“test.AFP”);
RFM->Fit_RPC() ;
RFM->Check_RPC () ; Delete RFM;
RFM->Apply_G2I (long, lat, height, scan, pixel );
or,
RFM->Apply_G2I(ground co-ordinate ﬁle,
image co-ordinate ﬁle);

References
>>

Adjustment with Rational Polynomial
Camera Models, ACSM-ASPRS 2002
Annual Conference Proceedings,
>>

Finds the 3D ground
co-ordinates for 2 or more
images covering the object.

RFM-> Intersection ();
RFM->Core_Intersection(scan, pxel, long,
lat, height);
RFM-> Free_Intersection_Variables();
Or,
RFM->Intersection( tie-points ﬁle,
lat-long-height ﬁle);

Grodecki, J., and Dial, G., 2001, IKONOS
Geometric Accuracy, Proceedings
of Joint ISPRS Workshop on High

RFM->Apply_I2G( scan, pixel, height, long, lat );
Or ,
RFM->Apply_G2I(image co-ordinate ﬁle,
ground co-ordinate ﬁle);

Resolution Mapping from space, 19-21
September, pp. 77-86
>>

Stereo
Intersection

Dial, G., and Grodecki, J., 2002, Block

Murali Mohan, 2011,Block Adjustment
of Cartosat-I Stereo Data Using RPCs,
presented in GeoSpatial World Forum.

>>

Vincent Tao, C., and Yong Hu, 2011“ A
comprehensive study of the Rational
function model for photogrammetric
processing”, PERS, Vol 67, No. 12, Dec 2001,

Bundle
Adjustment

Estimates the corrections for
each of the block images, does
the block adjustment, and
computes the ground coordinates
of the tie points.

RFM->doBundleAdjustments(0); //For Bias
corrections
or
RFM->doBundleAdjustments(1); //
For Afﬁne corrections
RFM->Apply_G2I(long, lat, line, pixel); /
Apply corrected RPCs

PP 1347-1357
>>

Rao B.S., Murali Mohan, K.
Kalyanaraman and K. Radhakrishnan,
2006, International Archives of
Photogrammetry, Remote Sensing and
Spatial Information Sciences, Vol. 36,
Part 4, on CD-ROM. Also in Vol. XXXVI,
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Table 2: Header of Cartosat RPC ﬁle (before and after TerraBlock Processing)
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Part-IVB, pp. 1026-1029

Murali Mohan
Managing Director
Mobiterra Solutions (I) Private Limited

mohan@mobiterrasolutions.com

between the users. It is no longer about exchange of voice data but involves a host of
other functions >>

Courtesy: http://www.google.co.i
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<< Communication satellites have changed the way information used to be shared

Satellites offer a number of
important features, which are not
readily available with other means
of communication. Some of them
are enumerated below.
>> Very large area of earth is visible
from a geostationary satellite
(about 42 per cent), that is,
communication is possible
beyond the earth curvature
(beyond the line of sight).
>> Satellite offers communication
with remote communities/

Figure 1

isolated islands and in sparsely
populated areas, which are
difﬁcult to access by other means
of communication.
>>Satellite communication ignores
political as well as geographical
boundaries.

requirements of transmitting
and receiving antenna are
markedly different but the
directional characteristics apply
equally to both the antennas. A
single antenna, however, may
be simultaneously used for both
transmitting and receiving the

>>Satellite provides
communication
with moving aircraft
from ground control
station across the
country.
>>The combination of
three satellites in
geostationary orbits,
with an ability to
relay messages
from one to other
could interconnect
virtually everything
on the earth except
the polar regions as shown in
Figure 1.

Basic components of
communication satellite
Every communications satellite in
its simplest form (whether polar
or geosynchronous) involves the
transmission of information from
an originating ground station to
satellite (the uplink), followed by
a retransmission of information
from satellite to the ground (the
downlink). The downlink may either
be to a select number of ground
stations or it may be broadcast to
everyone in a large area. Hence, the
satellite must have a receiver and
a receive antenna, a transmitter
and a transmit antenna, some
way of connecting the uplink to
the downlink for retransmission
alongwith prime electrical power
to run all its electronics. The exact
nature of these components will
differ, depending on the orbit and
the system architecture, but every
communications satellite must have
the basic components enumerated
below:>> Transmitting and receiving
antenna: Functional

signal simultaneously. One of
the biggest differences between
a low earth orbit satellite and
a geosynchronous satellite is
in their antennas. Transmitting
antenna transmits the energy
in one direction for reducing
the loss and this characteristic
decides the gain of antenna.
Gain simply tells us how much
more power will fall on 1 square
meter (or square centimeter)
with this antenna than would
fall on that same square meter
(or square centimeter) if the
transmitter power were spread
uniformly (isotropically) over all
directions.
>> Transmitter / power ampliﬁer:
The amount of power which
a satellite transmitter needs
to send out signals, depends a
great deal on whether it is in low
earth orbit or in geosynchronous
orbit. This is because the
geosynchronous satellite is at an
altitude of 36,000 km, while the
low earth satellite is only a few
hundred km away. Hence, the
transmitting power required by
the geosynchronous satellite is
more than a low-orbit satellite,
if everything else remains the
same.
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he use of satellites
in communication
systems is a fact of
everyday life. This is
evident by the fact
that an increased number of houses
are now equipped with antennas
and dishes for reception of analog/
digital signal via the satellites.
Communications satellite systems
have entered a period of transition
from point-to-point high-capacity
trunk communications between
large and costly ground terminals
to multipoint-to-multipoint
communications between small and
low-cost stations. Since invention
develops with the passage of time,
satellite communication has also
moved a step ahead from what it
was in the past. This has happened
due to several reasons such as
frequency reuse, interconnecting
many ground stations spread over
the world, concept of multiple spot
beam communications, and lasers
which are effectively used these
days for transmission through
satellites.
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>>Control system and electronics:
The satellite antennas should
always be pointing towards the
earth for them to be functional.
This is simpler in the case of
geosynchronous satellites as the
satellite is relatively stationary
with respect to the earth. As
seen from the earth station,
the satellite never appears to
move any signiﬁcant distance
and vice-versa. The low earth
orbit satellite, on the other
hand, as seen from the ground is
continuously moving. Likewise,
the earth station, as seen from
the satellite is a moving target.
As a result, both the earth station
and the satellite need some sort
of tracking capability, which
will allow its antennas to follow
the target during the time it is
visible. Thus precise and accurate
control electronics is required to
track the motion of satellite. The
other alternative is to make that
antenna beam so wide that the
intended receiver (or transmitter)
is always within it.

Frequency allocation for
satellite communication
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The allocation of frequency for
satellite communication is a
complicated process. This requires
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Figure 3

Band Designation
international
HF
coordination and
planning and is
VHF
carried out under
UHF
the auspices of
L
the International
S
Telecommunication
C
Union (ITU). Within
X
the spectrum
allocated for satellite Ku
communication,
K
the allocation of
Ka
frequency is carried
mm (millimeter) wave
out based on the
type of service
provided by the satellite. Over the
complete frequency spectrum, the
ITU has allocated frequency bands
for various types of communication
given in Figure 3.

Orbits of satellite
For providing communication links,
the following orbits are preferred:>> Polar orbits: The polar
orbiting satellites orbit the
earth in such a way as to cover
the north and south polar
regions. The altitude of polar
orbiting satellite is constant
over the polar region and is
approximately at 1,000 km. The
period of the orbit is about 1.5 hrs

Nominal Frequency Range

Principal uses

3 -30 M Hz

Short-wave Broadcast

30 -300 M Hz

FM, TV

300 -3000 MHz

TV, LAN, cellular, GPS

1 -2 GHz

Radar, GSO satellites

2 - 4 GHz

Radar, GSO satellites

4 -8 GHz

Satellite data links

8 -12 GHz

Satellite data links

12 -18 GHz

Radar, satellite data links

28 -27 GHz

Radar, satellite data links

27 - 40 GHz

Radar ,Automotive data

40 -300 GHz

Radar ,Automotive data

and the 90°inclination ensures
that the satellite passes every
region of the earth. Examples
of polar orbit communication
satellites are IRIDIUM, GLOBAL
STAR etc.
>>Equatorial orbit: The equatorial
orbit has 0° inclination from
earth’s equator. The most popular
orbit is the geostationary orbit
which is present at a height of
35,786 km from the Earth surface.
The satellite in geostationary
orbit appears to be stationary
with respect to earth since the
orbit period of satellite is 23
hrs, 56 minutes and 4 second
which is equal to the period
of the earth rotating around
its axis. The disadvantage of
the geosynchronous orbit is
that it takes a few seconds
to transmit a signal from the
earth to the satellite and back.
For telephone conversations,
this delay can sometimes
be annoying but for data
transmission and other uses,
it is not of much signiﬁcance.
Today, there are approximately
350 communication satellites
in orbit, with over 250 in
geosynchronous orbit. These
satellites have the provision
to relay from one satellite
to another, thus making it
possible to transmit millions
of phone calls across any two
points on the earth. Due to the
large bandwidth available, it is
now possible to transmit live
television pictures between

>>It is to be noted that there are
inﬁnite number of polar orbits
across the globe but there is
only one geostationary orbit.
Large number of communication
satellites of various countries are
present in geostationary orbit.
Communication authorities
throughout the world regard
geostationary orbit as a natural
resource and its use is carefully
regulated through national and
international agreements.

Indian communication
satellites
The Indian National Satellite
(INSAT) system which is placed in
geostationary orbits is one of the
largest domestic communication
satellite systems in Asia-Paciﬁc
region. Established in 1983 with
commissioning of INSAT-1B, it
initiated a major revolution in
India’s communication sector.
India’s space satellite system as on
date consists of 24 satellites out of
which 10 are in service (INSAT-2E,
INSAT-3A, INSAT-4B, INSAT-3C, INSAT3E, KALPANA-1, INSAT-4A, INSAT-4CR,
GSAT-8 and GSAT-12) India’s space
satellite system with a total of
nearly 175 transponders in the C,
extended C and Ku-bands provides
services to telecommunications,
television broadcasting, weather
forecasting, disaster warning and
Search and Rescue operations.

Satellite communication
applications
Telephone: The ﬁrst and historically
most important application for
communication satellites was in
intercontinental long distance
telephony. The ﬁxed public switched
telephone network relays telephone
calls from land line telephones to
an earth station, where they are
then transmitted to a geostationary
satellite. The downlink follows an
analogous path. Improvements in

submarine communications
cables, through the use of ﬁberoptics, caused some decline in
the use of satellites for ﬁxed
telephony in the late 20th century,
but they still serve remote islands
such as Saint Helena and Diego
Garcia where no submarine
cables are in service. There are
also regions in some continents
and countries where landline
telecommunications are rare or
nonexistent, for example, regions
in South America, Africa, Canada,
China, Russia, and Australia.
Satellite communications also
provide connection to the edges of
Antarctica and Greenland. Satellite
phones connect directly to a
constellation of either geostationary
or low-earth-orbit satellites. Calls
are then forwarded to a satellite
teleport connected to the Public
Switched Telephone Network.
Fixed Service Satellite (FSS):
Fixed Service Satellites use the C
band and the lower portions of
the Ku bands. They are normally
used for broadcast feeds to and
from television networks and
local afﬁliate stations (such as
programme feeds for network
and syndicated programming, live
shots and backhauls). These are
also used for distance learning by
schools/ universities, telemedicine
applications, business television,
videoconferencing, general

broadcast satellites generally
operate in the upper portion of the
microwave Ku band. DBS technology
is used for DTH-oriented (DirectTo-Home) satellite TV services.
Operating at lower frequency and
lower power than DBS, FSS satellites
require a much larger dish for
reception (3 to 8 feet (1 to 2.5m) in
diameter for Ku band, and 12 feet
(3.6m) or larger for C band).
Mobile satellite technologies:
Initially available for broadcast to
stationary TV receivers, popular
mobile direct broadcast applications
made their appearance in 2004,
with the arrival of two satellite
radio systems in the United States,
the Sirius and XM Satellite Radio
Holdings. Some manufacturers have
also introduced special antennas for
mobile reception of DBS television.
Using GPS technology as a reference,
these antennas automatically
re-aim to the satellite, no matter
where or how the vehicle (on which
the antenna is mounted) is situated.
These mobile satellite antennas are
popular with news agencies and
some recreational vehicle owners.
Such mobile DBS antennas are also
used by JetBlue Airways for DirectTV,
wherein passengers in an aircraft
can view television on LCD screens.
Satellite radio: Satellite radio offers
audio services in some countries,
notably the United States. Mobile

>> Established in 1983 with the commissioning of INSAT-1B,
the Indian National Satellite system initiated a
major revolution in India’s communication sector <<
commercial telecommunications
and for cable telecast. Free-to-air
satellite TV channels are also usually
distributed in the Ku band.
Direct Broadcast Satellite (DBS):
A direct broadcast satellite is a
communications satellite that
transmit signals to small satellite
dishes (usually 18 to 24 inches or
45 to 60 cm in diameter). Direct

services allow listeners to roam in
any part of the continent, listening
to the same audio programming
anywhere and everywhere. A
satellite radio or subscription radio
(SR) is a digital radio signal that is
broadcast by a communications
satellite, which covers a much wider
geographical range than terrestrial
radio signals, for example, radio
channels of Worldspace.
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virtually any two points on the
earth.
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facsimile),video
teleconferencing,
digital video
broadcast services
and broadband
IP networking.
These can be
used for airborne,
seaborne and
ground based
static/mobile
communication in
the Ku band. Tactical
communication is
also possible in the UHF
and X band.

Amateur radio: Amateur radio
operators have access to a few
dedicated satellites that have
been designed speciﬁcally to carry
amateur radio trafﬁc. Most of
these satellites operate as space
borne repeaters and are generally
accessed by amateurs equipped
with UHF or VHF radio equipment
and highly directional antennas
such as Yagis or dish antennas.
Due to launch costs, most current
amateur satellites are launched
into fairly low Earth orbits and are
designed to deal with only a limited
number of contacts at any given
time.
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Satellite internet: After 1990s, with
the development in broadband
satellite communication technology,
it has become possible to access
broadband internet through the
satellite linkages. This has been a
boon for users who are located in
remote areas, and cannot access a
broadband connection.
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Military uses
>>Communications satellites
are used for military
communications like voice,
data (including telemetry,
imagery, texting, ﬁle transfer,
remote sensor computer access,
paging, email, internet and

>>
With the help of
these satellites, messages can be
passed to submarines, control
signals can be sent to a cruise
missile/drone and video received
from a drone can be transmitted
back to the control station
located thousand of miles away.
Lightweight backpack terminals
can now be linked to a satellite to
provide voice/date link between
commanders and a soldier/
aircraft/ landing craft operating
in an isolated remote locality.

effects from nuclear detonations.
Such protected systems are being
used, for example, the US Air
Force Satellite Communications
System (AFSATCOM).
>> Satellite communication is
being used for search and rescue
operations, vessel trafﬁc systems,
maritime highway monitoring,
in situ sensor data collection and
dissemination, and surveillance.
>>Satellites are being used for
signal intelligence. Signals
intelligence (or SIGINT) is
intelligence gathering by
interception of signals between
people (communications
intelligence or COMINT) or
electronic signals not directly
used in communication
(electronic intelligence - ELINT),
or combination of the two. Also,
trafﬁc analysis - the study of
who is signalling and to whom
and in what quantity - can often
produce valuable information
even if messages cannot be
decrypted.

>>The satellites can be used to
provide television and FM radio
broadcasts to aircraft and ships.

Trends in satellite
technology

>>Wideband data can be used to
deliver high-rate intelligence,
imagery, weather reports, map
and video data to tactical forces
using small, portable terminals.

Communications satellite systems
have entered a period of transition
from point-to-point high-capacity
trunk communications between
large, costly ground terminals
to multipoint-to-multipoint
communications between small,
low-cost stations. With TDMA,
each ground station is assigned
a time slot on the same channel
for use in transmitting its
communications; all other stations
monitor these slots and select
the communications directed to
them. By amplifying a single carrier
frequency in each satellite repeater,
TDMA ensures the most efﬁcient
use of the satellite’s onboard power
supply.

>>GPS services are now utilised
to know the exact geographical
location and direction of
an object.
>>Satellites are being utilised to
relay data from Arctic buoys and
automated weather stations.
>> A satellite communication user
can now operate in contested
environments (for example, a
battleﬁeld or area where signals
are being intentionally jammed).
These users can work with low to
moderate data rates in exchange
for protection against detection,
interception, jamming, spooﬁng,
and scintillation, as well as

A technique called frequency re-use
allows satellites to communicate
with a number of ground
stations, using the same

The trend in GEO satellites is
increased power and number
of transponders. Satellites
with numerous C and Ku-band
transponders are becoming a
common thing. These increases
have not resulted in a proportionate
scaling of the weight of these
satellites, since the use of shaped
antennas eliminates the need for
considerable microwave plumbing
and the use of lighter structures
has helped contain the weight of
the satellites. Nevertheless, GEO
satellites are becoming heavier
and launch capability is increasing
to accommodate the additional
features of modern satellites.
Increased power is driven
by the desire to
decrease the

ground terminal size and cost. The
power subsystem is composed of
the solar array (solar cells on the
supporting structure including
pointing devices), batteries, and
the power conditioning electronics.
While it has long been known that
GaAs has an intrinsically higher
efﬁciency than silicon, the difﬁculty
in fabricating GaAs cells that are
competitive in cost to silicon, has
prevented large scale application in
satellites.
Another promising solar
array technology is the use of
concentrators which focus the
light down onto the GaAs cells.
AEC-Able Engineering Co, Inc. of
Goleta, CA is working on parabolic
reﬂectors that gather 7-8 times
the light that would normally fall
on a cell. These reﬂectors would
also shield the cells against the
high energy particles that degrade
them. Such a technology would
offer the promise of reducing the
number of cells and the weight and
thus, the cost of the solar array. The
key trends in spacecraft antenna
technology are larger effective
apertures, signiﬁcantly higher
numbers of beams, and integrating
computationally-intensive beam
forming and switching activities
with other onboard processing
functions. These trends are an
integral part of universal efforts
to raise spacecraft effective
radiated powers (EIRP), make
communications payloads smarter
and more ﬂexible, and make earth
terminals smaller and cheaper. A
tremendous amount of research
is going on in micro-optics, optical
memory, optical signal processing,
and optical communications
throughout the world. Diffractive
optical components for use
in free-space and bulk microoptical systems are being studied
for optical communications,
information processing, optical
computing and sensor applications.
These include high-efﬁciency blazed
micro Fresnel lenses, high-efﬁciency
chirped gratings, Bragg gratings,
binary gratings, and arrays and

>> The latest trend is the
use of network of small
satellites in low earth orbit
to provide global telephone
communication. The Iridium
system uses 66 satellites in
low earth orbit <<

their composites. Integrated optics
technologies are expected to play an
important role in the development
of new devices for future optical
memory systems.
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frequency, by transmitting signals
in narrow beams towards each of
the stations. Beam widths can be
adjusted to cover areas as large as
the entire United States or as small
as Maldives. Two stations which
are far apart, can receive different
messages transmitted on the same
frequency. Satellite antennas have
been designed to transmit several
beams in different directions,
using the same reﬂector. The latest
trend is the use of network of
small satellites in low earth orbit
(2,000 km or less) to provide global
telephone communication. Special
telephones that communicate with
these satellites allow users to access
the regular telephone network and
place calls from anywhere on the
globe. Anticipated customers of
these systems include international
business travellers and people living
or working in remote areas.
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GNSS

>> Satellite navigation
systems are
revolutionising
the way the world
manoeuvres its way
around. Here is a
sneak peak at some
of these systems... <<

lobal navigation
satellite system or
GNSS: Global navigation
satellite system
can be deﬁned as a
constellation of active satellites
which are equipped with electronic
devices continuously transmitting
signals to users anywhere on the
Earth. The satellites provide Position,
Navigation and Timing (PNT)
services, round-the-clock, in all types
of weather. The signals are free of
charge.
There are usually three classes of
satellite navigation systems. These
are:
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>> Global navigation satellite
systems such as the
United States’
GPS and
Russia’s
Glonass;
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>> Regional Navigation Satellite
Systems (RNSS) such as India’s
IRNSS; and
>> Satellite Based Augmentation
Systems (SBAS) such as the US’
WAAS, European EGNOS and
India’s GAGAN

While GNSS covers the entire Earth,
the area of operation under RNSS is
limited to a particular region.
SBAS, on the other hand,
supports these satellite
systems by providing
an integrity signal
which alerts the
receiver in case
GNSS or RNSS
develops a fault.
SBAS is designed
primarily for
enhancing safe
navigation in
the civilian
domain
but ﬁnds
applications in
other domains as
well, for example,
maritime, agriculture,
land transport and
so on.
While GNSS
comprises
24-32 MidEarth
Orbiting
(MEO)

Courtesy:http://www.exelisinc.com

satellites, RNSS constellations
include both MEO and
Geostationary (GEO) satellites in the
range of 3-7 satellites. SBAS, however,
consists of geostationary satellites.

Global Positioning
System (GPS)
GPS is the ﬁrst and best known
global navigation satellite system
in the world. It has been fully
operational since 1995 and consists
of the following three segments:
the space segment, the control
segment, and the user segment. The
US Air Force develops, maintains
and operates the space and control
segments.

It consists of a constellation of
satellites (at present there are about
31 operational GPS satellites, plus 3-4
decommissioned satellites (called
residuals) which can be reactivated
if required) transmitting radio
signals to users. The satellites ﬂy
at an altitude of about 20,200 km.
Each satellite circles the earth twice
a day, and contains a computer, an
atomic clock and a radio. These are
essential for calculating a satellite’s
changing position and time.
The US Air Force manages the
constellation and ensures the
availability of at least 24 GPS
satellites all the time. These
satellites are arranged into six
equally-spaced orbital planes
surrounding the Earth. The 24-slot
arrangement ensures there are at
least four satellites in view from any
point on the planet.

Control segment
It consists of a global network
of ground facilities that track
the satellites, monitor their
transmissions, perform analyses and
sends data. The current operational
control segment comprises a master
control station, an alternate master
control station, 12 command and

control antennas and 16 monitoring
sites.

User Segment
It consists of a GPS receiver
which receives signals from these
satellites and uses the transmitted
information to calculate the time
and 3-D position of the user.

A GPS receiver triangulates its
position by obtaining data from
three of the four available satellites.
This helps in determining the
position of an object - longitude
as well as latitude. If the receiver is
capable of obtaining signals from
the fourth satellite, it can then
determine the altitude of an object;
and can also calculate the speed
and direction of the moving object.

GLONASS
It is a radio-based global satellite
navigation system operated by
Russia. It provides real-time position
and velocity determination for
military and civilian users and is
meant to complement as well as
provide an alternative to GPS. The
satellites are located at 19,100 km
altitude, in middle circular orbit,
with a 64.8 degree inclination. Its
orbit makes it suitable for usage

in high latitudes (north or south).
A fully operational constellation
consists of 24 satellites. Eighteen
satellites are required for covering
the entire territory of Russia. The
Glonass constellation operates
in three orbital planes with eight

>> While GNSS covers
the entire Earth, the
area of operation under
RNSS is limited to a
particular region. SBAS,
on the other hand,
supports these satellite
systems by providing an
integrity signal which
alerts the receiver
in case GNSS or RNSS
develops a fault <<
evenly spaced satellites located
in each orbit. Its ground control
segment is located entirely within
former USSR’s territory. According
to Space and Tech, the ground
control center and time standards
is located in Moscow and the
telemetry and tracking stations are
in St. Petersburg, Ternopol, Eniseisk,
Komsomolsk-na-Amure.
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Space segment

37

Courtesy: http://www.elitestore.net

GEOINTELLIGENCE Jan – Feb 2012

Compass system (Beidou-2
or BD2)
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Developed by China, this new
GNSS is similar in principle to GPS
and GLONASS. The system became
operational in December 2011 with
coverage of China and surrounding
areas. It is expected to provide
complete global coverage by 2020.
Compass is not an extension to
the previously deployed Beidou-1
which was an experimental
regional navigation system and
consisted of four satellites (three
working satellites and one backup
satellite). The new system will have
a constellation of 35 satellites (30
non-geostationary satellites (27
in medium earth orbit and 3 in
inclined geostationary orbit) and
ﬁve geostationary orbit satellites
for backward compatibility with
BeiDou-1 system). Also, the system
will provide two levels of service:
>> Free service to civilians: It
will involve 10 meter locationtracking accuracy, accuracy of 10
ns for synchronising clocks, and
will help measure speeds within
0.2 m/s.

>> Licensed service to Chinese
government and military users:
This will be more accurate than
the free service and can be used
for communication purposes.

So far, about ten satellites for
BeiDou-2 have been launched.

Galileo
Galileo is a satellite navigation
system currently being built by the
European Union (EU) and European
Space Agency (ESA) to provide a
high-precision positioning system
to European nations. The system
will be interoperable with other
navigation systems like GPS and
Glonass.
By offering dual frequencies as
standard, the system is expected
to provide real-time positioning
accuracy down to the metre
range. According to European
Space Agency, the system will
guarantee availability of the service
under all but the most extreme
circumstances and will inform

users within seconds of any satellite
failure, thus making it suitable for
safety-critical applications such
as landing aircraft, running trains
and guiding cars. The ﬁrst two
of the four operational satellites
designed to validate its concept
in space as well as on Earth were
launched in 2011. Two more are
expected to follow in 2012. Once the
In-Orbit Validation (IOV) phase is
completed, additional satellites will
be launched around mid-decade to
reach Initial Operational Capability
(IOC). The system is expected to
become fully operational by 2020.
When in operation, the system will
have two ground operation centres in Italy and Germany.
Galileo will comprise 30 satellites
(27 operational and three active
spares) which will be positioned at
23,222 km altitude above the Earth
at an inclination of 56 degrees to
the equator. It will provide both
horizontal and vertical positions
measurements with metre-class
precision. It will also provide a
global Search and Rescue (SAR)
function. For this, each satellite will

Courtesy: http://www.gpsworld.com

be equipped with a transponder
which will transfer distress signals
from the user’s transmitter to the
Rescue Coordination Centre. The
system will also provide a signal
to the user, informing him that his
message has been conveyed to the
centre and the help is on his way.
This feature is new and a major
upgrade compared to the existing
navigation systems. The basic (lowprecision) Galileo services will be
free and open to everyone. However,
the high-precision capabilities will
be available for fee and for military
use.

IRNSS is an autonomous regional
satellite navigation system being
developed by Indian Space Research
Organisation (ISRO). The system
is being developed to reduce the
country’s dependency on GPS.
The indigenously developed IRNSS
would be under total control of
Indian government. As such, the
space segment, ground segment
and user receivers will be built
in the country. IRNSS is expected
to provide an absolute position
accuracy of around 20 meter over
India and the region extending to

>> The indigenously
developed IRNSS would
be under total control of
Indian government. As
such, the space segment,
ground segment and user
receivers will be built
in the country. IRNSS
is expected to provide
an absolute position
accuracy of around 20
metre over India <<

about 1,500 to 2,000 km around it.
The system is expected to provide :
>> Highly accurate information in
real-time about position, velocity
and time for authorised users
>> 24*7 services in all weather
conditions

The proposed system would consist
of seven satellites and a support
ground segment. The ground
segment would include a Master
Control Centre (MCC), ground
stations that would enable accurate
estimation of satellite orbits and
monitoring the health of these
satellites. The centre would also
estimate and predict the position of
satellites, calculate integrity, make
necessary ionospheric and clock
corrections and run the navigation
software. The satellite payloads
would consist of atomic clocks and
electronic equipment to generate
the navigation signals.
The ﬁrst satellite of the system is
scheduled to be launched during
2012-2013, while the constellation is
expected to be completed by 2014.

Wide Area
Augmentation System
(WAAS)
Developed by Federal Aviation
Administration (FAA), WAAS is an

air navigation aid developed to
augment the GPS, thus improving
its accuracy, integrity and
availability. It uses a network of
ground-based reference stations
to measure small variations
in GPS satellites’ signals. The
measurements are then routed to
master stations, which queue the
received Deviation Correction (DC)
and send the correction to WAAS
satellites in less than ﬁve seconds.
The correction messages are then
sent back to Earth.
Accuracy: WAAS provides a position
accuracy of 7.6 metres or better
(for both lateral and vertical
measurements). In fact, actual
performance measurements at
some locations in the US, Canada
and Alaska, have shown that it can
provide accuracy better than 1metre
laterally and 1.5 metres vertically.
Integrity: The WAAS speciﬁcation
requires it to detect errors in its
network or in the GPS and notify
users within 6.2 seconds.
Availability: Its speciﬁcation
mandates its availability at all times
(almost 99.9 per cent) throughout
the service area.

European Geostationary
Navigation Overlay Service
(EGNOS)
Meant to augment the GPS system,
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Indian Regional
Navigational Satellite
System (IRNSS)
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EGNOS is the ﬁrst pan-European
satellite navigation system. It
consists of three geostationary
satellites and a network of ground
stations. Its data is freely available
in the region to anyone who has
an EGNOS-enabled GPS receiver.
It provides horizontal position
accuracy of better than 1.5 metres to
its users in Europe.
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EGNOS is a joint project of ESA,
the European Commission
and Eurocontrol, the European
Organisation for the Safety of
Air Navigation, and began its
operations in July 2005. It was
certiﬁed for use in safety of life
applications in March 2011.

GPS Aided GEO Augmented
Navigation (GAGAN)
GAGAN is a part of the SatelliteBased Communications, Navigation
and Surveillance (CNS)/Air Trafﬁc
Management (ATM) plan for civil
aviation in India. It consists of

reference stations (15 stations
spread across the entire
Indian sub-continent), Indian
Master Control Centre for carrying
out computing corrections, Indian
Navigation Land Uplink Station
(three stations which receive
messages from the control centre
and format those messages in
GPS compatibility mode and
transmits them for broadcast to
user platforms), and space-based
segment (navigation payload
onboard satellites GSAT-8 and
G-SAT-10 that use the bend pipe
transponder with uplink in C-Band,
downlinks in L1 frequencies).
GAGAN is expected to provide
a civil aero-nautical navigation
signal consistent with International
Civil Aviation Organistaion (ICAO)
Standards and Recommended
Practices (SARPs) as established
by the Global Navigation Satellite
System Panel (GNSSP). It has already
established its capability to meet
ICAO-SARPS requirements through

its Technology Demonstration
System (TDS) Phase. TDS was
successfully implemented over
the Indian air space in 2007 with
the installation of eight Indian
Reference Stations (INRESs) at eight
airports and linked them to the
Master Control Center (MCC) located
near Bangalore.
Preliminary System Acceptance
Testing (PSAT) was also successfully
completed in 2010. The ﬁrst GAGAN
navigation payload was launched in
2011 on GSAT-8. The second GAGAN
payload is scheduled to be launched
on GSAT-10 in the ﬁrst quarter of
2012.
Apart from the civilian sector, the
system is also likely to be used
in non-civil aviation sectors like
maritime applications, improved
surveying and cartography, scientiﬁc
research etc.
COURTESY: searchmobilecomputing.techtarget.
com, www.space.gov.au, www.spaceandtech.
com, ESA, ISRO, AAI, wikipedia
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Iran-Israel conﬂict
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Iran has blamed Israeli intelligence service, the Mossad, for the death of its nuclear scientist Mostafa Ahmadi Roshan
in a car bomb blast. The attack comes less than 24 hours after Israel’s military chief Benny Gantz warned Iran that it
could face ‘unnatural’ events during the year ahead. The blast is the latest in a series of incidents that have rocked
Iran’s nuclear and military establishment in the recent past. In the past two years, three nuclear scientists have died
under mysterious circumstances. Two months ago, a blast at Bid Ganeh, an Iranian military facility, killed 17 people. The
facility housed Shahab missiles, which, at their longest range, could target Israel. International Atomic Energy Agency,
in its report, has claimed that Iran has experimented with replacing the conventional warhead on Shahab-3 with a
nuclear warhead. Sometime back, the Stuxnet computer worm is said to have bollixed Iran’s centrifuges for months,
wreaking havoc on the process of uranium enrichment. Reports suggest that Israel, along with its allies, is inﬂicting
damage to Iranian nuclear efforts through these covert actions, thus eliminating the need for a military strike.
Image Courtesy: GeoEye, DigitalGlobe
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