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1.1 INDIAN SPACE PﬁlOGRAMME

1.1.1 GOAL

The goal of the Indian Space Programme is to harness
space technology for applications in the areas of
communications, broadcasting, meteorology, disaster
warning, search and rescue operations and remote
sensing. Operational systems have been realised in all
the above areas during the past decade and a half. The
remote sensing component of the programme, in
particular, has successfully achieved global acceptance.

1.1.2 INDIAN REMOTE SENSING
PROGRAMME

1.1.2.1 Scope

Remote sensing is an important part of the Indian Space
Programme and the Department Of Space (DOS),
Government of India, is the nodal agency for the
realisation of the National Natural Resources
Management System (NNRMS), the National
Resources Information System (NRIS) and the
Integrated Mission for Sustainable Development
(IMSD), besides several other national level application
projects in close collobaration wih the user agencies.

As part of this programme, it has acquired the capability
to design, develop and operate state-of-the-art multi-
sensor satellite based systems comprising of space,
ground and application segments to meet domestic and
international requirements.

1.1.2.2 Indian Remote Sensing Satellite
Missions

The following satellite missions are the important
milestones, which have been crossed, in the realisation

of indigenous end-to-end capabilities.

Bhaskara-1 & 2 : These were experimental remote

sensing satellites launched in June 1979 and November
1981 respectively. Their payload consisted of TV
cameras and radiometers.

IRS-1A/1B : These were operational first generation

remote sensing satellites with two Linear Imaging Self

Scanning sensors (LISS-I & LISS-II) for providing data
in four spectral bands (in visible and near infra-red
regions) with aresolution of 72.5m and 36.25m, with a
repetivity of 22 days. These satellites were launched in
March 1988 and August 1991 respectively. Even
though the design life was three years, IRS-1A was in
service till October 1992 and IRS-1B isstill in service,
providing good quality data.

IRS-P2 : The satellite was launched in October 1994
on the indigenously developed Polar Satellite Launch
Vehicle (PSLV-D2). IRS-P2 carries a modified LISS
camera.

IRS-1C : This was the first of the second generation,
operational, multi-sensor satellite mission with improved
sensor and coverage characteristics, besides having an
On Board Tape Recorder (OBTR) for obtaining data
outside the visibility of ground stations. IRS-1C was
launched successfully on December 26, 1995 and the
data is being received , processed and disseminated
from ground stations in India, USA, Germany, Taiwan
and Thailand.

The three sensors on-board IRS-1C satellite are :

* PAN sensor with aresolution of 5.8m (at nadir)
single band in the visible region, with a swath of
70km (at nadir) and + 26 deg. across track tilt
capability

* LISS-III multi-spectral sensor with a resolution
of 23.5m in three visible/ near infra-red and 70.5m
in Shortwave Infra-Red (SWIR) band and a swath
of 141km
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* Wide Field Sensor (WiFS) sensor with a resolution
of 188m, two bands in the visible/ near infra-red
region and a swath of 810km.

Several types of data products on different digital and
photographic media with different enlargements are
being supplied by NRSA Data Centre (NDC) to users
who are migrating towards IRS-1C/1D data products
for their studies. Many new applications to exploit the
improved capabilities of IRS-1C have been attempted.

IRS-P3 : This satellite was launched in April 1996, 0n
PSLV-D3 and has two imaging sensors and one non-
imaging sensor viz., Wide Field Sensor (WiFS), witha
resolution of 188m and swath of 810km, similar to IRS-
1C WiFS, but having an additional SWIR band ;
Modular Opto-electronic Scanner (MOS) mainly for
oceanography applications and an X-ray astronomy
payload. WiFS and MOS data products are being
disseminated to users.

1.1.2.3 FUTURE IRS SATELLITE MISSIONS

Encouraged by the successful operation of the IRS
missions, many more missions have been planned for
realisation in the next few years. These missions will
have suitable sensors for applications in cartography,

crop and vegetation monitoring, oceanography and
atmospheric studies.

IRS-P4 (OCEANSAT-1) : This mission will have
payload, tailored for making measurements of the
physical and biological oceanographic parameters. An
Oce:El Colour Monitor (OCM) with eight spectral

bands and a Multi-frequency Scaning Microwave

Radiometer (MSMR), operating in four frequencies will

provide valuable ocean-surface related observation

capability. OCEANSAT is slated for launch by PSLV
during 1998.

IRS-P5 (CARTOSAT-1) : This mission will have a
PAN sensor with 2.5m resolution with fore-aft stereo
capability to cater for applications in cartography, terrain
modelling, cadastral mapping etc. CARTOSAT-1 is
slated for launch during end 1999 by PSLV.

IRS-P6 : This mission will mainly cater to applications
in agriculture and will have a multispectral LISS-IV
sensor with a resolution better than 6 m and a swath of
25 km with across track steerability, an improved LISS-
TII sensor with 23 m resolution and 140 km swath and
an advanced WiFS sensor with 80 m resolution and
1400km swath. IRS-P6 is slated for launch during
end 2000 by PSLV.
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1.2 IRS-1D MISSION OVERVIEW

1.2.1 BACKGROUND

IRS-1C s the first of the second generation operational
Indian Remote Sensing satellite missions with better
resolution, coverage and revisit. IRS-1D is the follow-
on, second generation mission. IRS-1D was launched
by the indegenously developed Polar Satellite Launch
Vehicle (PSLV) from Sriharikota, India on 29th
September, 1997. The satellite is placed in a near
circylar, sun-synchronous, near polar orbit with a
nominal inclination 0f98.53 deg., at amean altitude of

780 Km.
The principal components of the mission are:

* three axes stabilised polar sun synchronous
satellite with three sensors.

* g ground based data reception, recording and
processing system

* ground system for in-orbit satellite control

£

1.2,

hardware/software elements for the generation

fuser oriented data products , analysis and
rchival.

g O

2 MISSION OBJECTIVES

The objectives of the mission are :

*

*

*

[y

aunch and operate the follow on, state-of-
the-art second generation, three axes body
tabilised satellite, for providing continious space
based remote sensing services to user community
augment and operate the improved ground based
systems for data reception, recording,
processing, generation of data products,
analysis, archival  and mission control facilities
develop new areas of user applications to take
full advantage of the enhanced capabilities of
IRS-1C/1D.

w2
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1.3 ORGANISATION

The IRS-1D Data Users' Handbook is published, to
provide esssential information to the users of IRS-1D
satellite data.

The main part of the handbook covers the chain of
activities involved in data acquisition, generation and
distribution of dataproducts, alongwith a  chapter
on various applications.

Chapter2 describes the IRS-1D system overview, data
handling system and space segment which includes
payload, orbitand coverage.

Chapter 3 covers various aspects of IRS-1D ground
segment such as mission operationsand control centre,
dataacquisitionand archival system and data products
generationsystem.

OF THE HANDBOOK

Chapter 4 deals withthe path/row referencing scheme
and the various types of data products that are made
availabletotheusers.

Chapter 5 provides information on data
dissemination, ordering procedures, terms and
conditions of data supply, payload programming and
digital browse facility.

Chapter 6 contains informationaboutpotential appli-
cations of IRS-1C/1D data. A number of demon-
strated application studies have been included.

Appendix - I gives the list of product codes.
Appendix-11 gives thelist of acronyms.
Appendix -1II gives the Product Supply Agreement.
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2.1 SYSTEM OVERVIEW

The IRS-1D is a three axes body stabilised satellite,
similar to IRS-1C. It will have an operational life of

three years inanear polar, sun synchronousorbit ata
mean altitude of 780 Km.

The payload consists ofthree sensors.
(1) Panchromaticcamera(PAN)

The Panchromatic camera provides data with aspatial
resolutionof 5.2-5.8m (atnadir) and a ground swath
between 63 Km - 70 Km (at nadir). It operates in the
0.50-0.75 microns spectral band. This cameracanbe
steered upto =26deg (steerable upto+ 398 Km across
thetrack from nadir), which in turn increases the revisit
capability to 3 days formost partofthecycleand 7 days
insome extreme cases.

(2) Linear Imaging and Self Scanning Sensor
(LISS-II)

The LISS-III sensor provides multispectral data col-
lected in four bands of the visible, nearinfra-red (V,NIR)
and short wave infra-red (SWIR) regions. While the
spectral resolution and swathin the case of visible (two
bands) and NIR (oneband) regions arebetween21.2m
t023.5mand 127Km- 141 Km. respectively, they are
between 63.6mto 70.5m and 133 Km to 148 Km. for
the datacollected in SWIR region.

(3) WideField Sensor (WiFS)

WiFS sensor collects data in two spectral bands and
has a ground swath between 728 Kmto 812 Km with
aspatialresolution of 169mto188m.

The satellite is equipped with an On-Board TapeRe-
corder, capable ofrecording limited amount of speci-
fied sensor data. Operation of each of the sensorscan
beprogrammed. The payload operation sequence for
the wholeday can be loaded daily onto the on-board
command memory whenthe satelliteis within the visibil-
ityrange.

The ground segment consists of ;

1. ATelemetry Tracking and Command (TTC)
segment comprising of a TTC network to provide
optimum satellite operations and a Mission
control centre formission management,
spacecraft operations and scheduling

2. Anlmage segmentcomprising of data acquisition
dataprocessing and product generation system
along withdata dissemination centre. The over
view of IRS-1D mission is shownin Figure2.1.1.

e
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2.2 SPACE SEGMENT

The space segment carries out the following

functions :

- Images the earth in all the required spectral
bands.

- Formats the payload sensor data and transmits
to ground stations in X-band and also records
the video data for later transmission.

- Provides necessary power (with a margin) for
mainframe and payload subsystems, in all
operating conditions.

- Provides attitude stability required for imaging

- Provides housekeeping information for
monitoring the satellite health and accepts
telecommands to control the spacecraft.

The structure of the spacecraft consists of :
* Main platform
* Payload platform

The main platform consists of four vertical
panels and two horizontal decks, supported on a
central load bearing cylindrical shell of 930 mm
diameter and 1123 mm height. The bottom of the
cylinder is attached to an interface ring, which
interfaces with the launch vehicle. The vertical
panels and horizontal decks, carry the major
mainframe subsystem packages. The Sunside and
anti-Sunside panels, additionally support solar
arrays and the power transfer assemblies. The
earth viewing panel carries the payload data
transmission antenna, the TTC antenna and Sun
Sensors.

The payload platform accommodates the PAN, LISS-
IIT and WiFS cameras. In addition, it accommodates
Earth sensors and Star sensors. A Carbon Fibre Re-
inforced Plastic (CFRP) monocoque cylinder, of 930
mm diameter and 370 mm height separates these
two platforms and provides thermal isolation to
minimise thermal distortion effects on imaging.

The PAN payload has a capability to tilt upto an
angle of + 26 deg in the direction of pitch. A
Payload Steering Mechanism (PSM) supporting the
PAN camera enables this rotation. The PSM is ini-
tially held by a hold down mechanism during launch.

Later, it is released by activating a pyrocutter by a

command from the ground.

Four Reaction Control System (RCS) propellant
tanks made of titanium of 390 mm diameter are
mounted on either side of a 30.7 mm thick
stiffened honeycomb deck of 875 mm diameter, which
is fixed inside the main cylinder.

The thermal control system maintains the temperature
of different subsystems within the specified
limits. It employs semi-active and active elements
like heaters and temperature controllers, in
addition to passive elements like paints, multi layer
insulation blankets and optical solar
reflectors.

The power requirements of IRS-1D are met by six
deployable solar panels (size 1.1 mx 1.46 m each).
Three panels are mounted on the Sun side and three
are mounted on the anti Sun side. The panels have a
capacity to generate 813 W of power at EOL (End
Of Life), at normal incidence. Besides the Sun track-
ing panels, two batteries of twenty eight cells, with a
capacity of 21 AH (Ampere Hours) are provided to
support peak power requirements and power during
eclipse.

The TTC system is configured to work in S-band. It
comprises of telemetry and telecommand sub-
systems and a transponder.

The telemetry system collects the house keeping
data from each subsystem and then formats and
modulatesit  on the subcarrier. There are two
formats, viz., dwell and normal. Dwell mode and
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normal mode formats, can be simultaneously
received. Anon-board storage facility of2.75 million
bits exists forrecording the house keeping data of one
orbit period or sampled data in 1:5 ratio in sampled
mode, for four orbitsperiod. The normaltelemetry rate
is 512 bits per second (bps), while the playback data
from storageis at6.4 Kbps. Telemetry system, except
forstorage, has full redundancy.

The telemetry data is transmitted on two Phase Shift
Key (PSK) subcarriers, of 25.6 KHz and 128 KHz.
The normal telemetry is modulated on 25.6 KHz
subcarrier, while the 128 KHzsubcarrieris used for
playback data or dwell data.

The telecommand system employs a shortened
B-C-H code, forcommand reception. It provides time
tagcommand execution facility with edit, block execu-
tion and memory error detection features. Thetimetag
facility permits execution of 255 commands per
decoder. TC supports auto commanding, for
autodeployment and safemode operations. It also
houses programmable and fixed duration timers to
control the operation of payload and data handling
system. It provides special logics to configure the
payload and datahandling system for various opera-
tional modes.

Thetransponder servesto transmit housekeeping data,
receive telecommand signals, demodulate ranging
tones and retransmit it to ground, with a fixed turn
around ratio of240/221.

The Attitude and Orbit Control System (AOCS) for
IRS-1D, is configured to achieve three axes body
stabilisation ofthespacecraft in Sunsynchronous orbit.
The AOCS system is configured around a processor
based system withredundency. The AOCS systemis
associated with necessary sensors and actuators to
carry out the control functions. All the three axes are
controlled using actuators, reaction wheels, magnetic
torquers and thrusters. The attitude control electronics
package, generates control signals for these actuators

depending upon the attitude errors, sensed by Earth
sensors, Gyros and Sun sensors. The system provides
initial three axes acquisition, in-orbit three axes control
and orbit control. The overall specifications of the
Observatory are givenin Table2.2.1.

The IRS-1D satellite and the isometric view of the
spacecraft (Stowed mode) are shown in Figures 2.2.1
and 2.2.2 respectively. The disassemled con-
figuration view of IRS-1D spacecraftis shown in Figure
223

Figure 2.2.1 IRS-1D Satellite
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STAR SENSOR
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Figure 2.2.2 Isometric view of IRS-1D spacecraft (Stowed mode)
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Table 2.2.1 Speclficatlons of Space Segment

— ORBIT

REPETIVITY
 REVISIT CAPABILITY :

'MISSION LIFE

'STRUCTURE
'WEIGHT

- COMPONENTS

TurERATURE
- PAYL ADS

- NO.OF SENSORS

| SPECTRAL BANDS

.' - Thrée axes, body sta‘blhsed Remete Sensmg Satelhte -

= -'Near Polar, Sun synchronous mean altrtude of 780 Km w1th

quatona,l crossing time 0f 10.30 A.M. to 10. 47 A M. (over apenod

| _. of 4. 8Y’Sﬁl‘t?:) 1n descendmg node -

"..358 orblts / 25 days B

£ Days for WIFS and PAN (wrth steenng), 25 days for LISS-III
: : : '4Three years ' :
e

= Alumunum andAlurmmmnHoneycomb

1200 Kg

- Passwe control usmg tapes, pa.mt Optlca] Solar Reﬂectors (OSR)

Multi Layerlnsulatlon (MLI) blankets and semi-active, active control
uss,ng proport;onate temperature controllers and heaters

- ';20 +3deg Cenngrade forpayload 2 - Zdeg Centlgrade for battenes,
- 0 to 40 deg Centlgradc for electmmc packages
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: 5:'PulseC0deModulaizdnf FrequencyShlﬂKeymg/ e
: _--FrequencyModulahon/PulseModulaﬁen =

Gl (PCM/FSK/EM/PM).

Q:FSKSUB CARRIERFORONE S
' FSKSUB-CARRIERFORZERO o

NO. OFTIMETAGCOMMANDSfj-.; i

5 SSSKHZ f?
?:“3 125KHz

2_5,55 p;er,De'chef_ -

PROBABILITYOFERRO’NEOUS = '

COMNIAND EXE.CUTION

| PROBABILITYOFCOMMAND Gl
::098}{1013

= REJECTION

TRANSPONDER

. Uplinkfrequency 202878 MHz
- Downfrequency  2203.2MHz

. TumAroundRatio  240/221
e ;Eandt_on_c:gnwg - Max Tone 100KHz

- twowayDoppler
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2.3 PAYLOAD SYSTEM

2.3.1 PAN Camera

Optics and electronics

The Panchromatic camera uses reflective optics
along with 4096 element CCD linear array (7 mi-
cron X 7 micron) for imaging. A special ar-
rangement comprising of an isoceles prism re-
flector, is used for covering the full swath. Each
detector has separate interference filters and 4
Light Emitting Diodes (LEDs), alongwith a cylindri-
cal lens. Two LEDs are for optical biasing and

two are for inflight calibration of the sensor. Four
selectable gains are provided for PAN camera. The
payload performance specifications are given in
Table 2.3.1.

Inflight calibration

The detector characteristics that are evaluated on
the ground are Light Transfer Characteristics (LTC),
spectral responsivity, dark current, dynamic range
and shading characteristics. Besides the main detec-
tors, optical components like lenses and filters are
thoroughly performance tested on
ground and extensive calibration data

are generated on ground for radiomet-
ric correction. Regular inflight calibra-
tion helps to study the degradation in
response of the CCD output. The
inflight calibration of the camera will be
carried out using LEDs. LEDs have the
advantage of low power consumption,
low thermal dissipation and fast re-
sponse time. The scheme  en-
visages the calibration of CCDs ex-
cluding optics. LEDs are operated in
pulse mode at higher currents, re-
sulting in higher intensities.

A calibration cycle comprises of 2048
lines. The time taken for one calibra-
tion cycle, for PAN camera is
approximately 1.64 seconds. The LEDs
are operated at pulsed mode and the
duration for which the LEDs are ‘ON’
is varied, in specific steps. The CCD
detector integrates the light falling on it
during one readout period. Six non-
zero exposure levels spanning the full
dynamic range, are provided for each
detector.

Table 2.3.1 Specifications of PAN camera
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Figure 2.3.1.1 IRS-1D PAN Camera
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2.3.2 LISS-III Camera Inflight calibration

Optics and electronics

LISS-TII sensor operates in four spectral bands.
There are separate optics and detector arrays for
each band. Three bands ( B2, B3 and B4 ) are in
the visible and near infrared region. B5 is in short
wave infrared region. Since the first three bands of
LISS III are in the same spectral region as IRS-

The inflight calibration of the camera is carried out
using LEDs. Six Non zero exposure levels, span-
ning the dynamic range are provided for each
detector. Four LEDs per CCD, for B2, B3 and
B4 and 2 IR LEDs for BS5 are used for
illumination. Two LEDs operate at a time to cover
half the length of CCD. The LEDs are operated
in pulsed mode and the duration during which

1A/1B/P2 sensors, the same nomenclature is  the LEDs are °‘ON’, is wvaried in
continued. Bands B2, B3 and B4 of e
IRS-1D are therefore identical to that of | o 1 =l _
IRS-1A/IB/P2/1C. i Sl..:No. _ PARAMETER | SPECIFICATION
. : 1. Spatialresolution(m) ~ B2B3B4 21210235

The camera uses refractive optics. The | = o B5 63.6 10 70.5
collecting optics consists of eight refrac- 2 '-S&a"th (Km) i BZ,BB,B 4 127 10 141
tive lens elements with interference filter |* == = = = B5 133 t0 148
in front. A linear array of 6000 elements | 5 go.tband (microns) B2 0.52-.059
of CCDs is used for visible and infra- e ~. B3 0.62 - 0.68
red bands. It has a pixel size of 10 mi- | B4 0.77 - 0.86
cron by 7 micron. It has separate read- | : o BS 155-1.70
outs for odd and even pixels on two _54_ '.C‘é.;n'i'efé. S-tiaireuwavé B2 =10
channels. Each detector has its own - RéSPOHSei (SWR) . B3 <40
detector drive electronics. Band 2,3} . P B4 ‘ ~35
and 4 have separate video chains. = u B5 30
Band 5 consists of a 2100 element 11:11— - 2 'ﬁ?iﬁ&i‘?ﬁiﬁo 1128
ear CCD array (7 modules of 300 pix- | (SNR) (at saturation) :
els) arranged in staggered way, with a g SaturatlonRadzance(Gam e
pixel size of 26 micron by 26 micron. | (mwfcm str-mi ci‘on) B2 204 18
The device will be operated between 5- | L E B3 a8 0 ik
15°C with a temperature stability of | i sa. &
0.1 deg C. - - = _ B 3954 25

_ _ 8 -'mtegrahonnme (ms) B23and4 3.6
Four independently selectable gains are | Be - 10.8
prov1ded for each band of LSS, 1. 9 Dataratc (MbpS) 82,3 and 4 357904 _
The payload performance specifications | B - 13906
are given in Table 2.3.2. BandtoBaJldIcglsﬁatlon o +£0.25

~Table2.3.2 Specifications of LISS-III Camera
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specific steps. Each LED has a cylindrical lens to  The
maximise the intensity. For Band-5, the LEDs have Il i
very small angular divergence. The CCD detector mulf
integrates the light falling on it, during one readout
period. A calibration cycle comprises of 2048 lines.

time taken for one calibratio;
s 7.3 seconds. The Band-5 c;
iplexed with data of other ban

Figure 2.3.2.1 IRS-1D LISS-III Camera
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Figure 23.'2.2 IRS-1D LISS-III FCC image (bands 2,3,4) and corresponding black
and white images of band 2, band 3 and band 4 data of path 108, row56 showing
Calcuttaand surrounding areas
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2.3.3 WiFS Camera

Optics and electronics

WiFS camera collects data in two bands. These
are named as B3 and B4, because they are simi-
lar to Band-3 and Band-4 of LISS camera
of IRS-1A/1B/P2. The total swath is covered us-
ing two optical heads i.e., two lenses and two
CCDs are used per band. They are mounted at an
angular separation of 26 deg generated by a
single Electro Optic Module (EOM). WiFS camera
uses refractive collecting optics, consisting of eight
refractive lens elements with interference filter and

neutral density (ND) filter in the front. A 2048 ele-
ment linear array CCD with a pixel size of 13 mi-
cron by 13 micron is used. It has separate
readouts for even and odd pixels on two channels.

The data from each device isreadout fourtimes during
the line scan time period. Only one out of every four
readouts is transmitted.

The payload performance specifications are given in
Table2.3.3. Four independently selectable gains are
provided foreach band/CCD.

Table 2.3.3 Specifications of WiFS camera
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Figure 2.3.3.1 IRS-1D WiFS Camera
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Figure 2.3.3.2 IRS-1D WiFS FCC image (bands 3,3,4) data showing parts of Western India
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The data handling system, basically consists, of a base
band system and a Radio Frequency (RF) system.
The base band system consists of control circuits,
oscillators, formatters, randomiser and modulation in-
terfaces. The RF system contains the local oscillators,
modulators, power amplifiers and antenna systems.

2.4.1 BASE BAND DATA HANDLING
SYSTEM

The base band data handling system catersto  dif-
ferent functions. It formats PAN data and LISS-III
data. It provides selection for the half swath data of
PAN camera or full swath data of LISS-III, for
recording OBTR data.

PAN

The parallel digital data from payload is formatted
into two serial PCM streams, viz.,PAN -Iand PAN-
Q, each with a data rate of 42.4515 Mbps. The
PAN camera consists of three CCD arrays. Each
CCD array has 4 ports. From each port, data is
shifted out to base band data handling system. The
data from all the four ports of first CCD and port 1
and 2 of second CCD are multiplexed and format-
ted to stream "I".The data from all four ports of third
CCD and port 3 and 4 of second CCD are multi-
plexed and formatted into the second stream "Q".
Each formatted data viz., PAN-I and PAN-Q is
merged with low bit rate house keeping data, Gyro
fine rate information, channel ID, cal status and line
count information. All these data are inserted in
appropriate slots.

—

LISS-11I

The LISS formatter accepts digital data from LISS-
III payload in three bands and SWIR

2.4 PAYLOAD DATA HANDLING SYSTEM

payload in one band and WiFS$ data in two bands
and then multiplexes them and formats them into a
single PCM stream of 42.4515 Mbps. To this serial
stream, auxillary data such as frame sync code, cam-
era ID, house keeping data, Gyro fine rate informa-
tion and cal status are also inserted.

The data from Band-5 (SWIR), which has seven mod-
ules of 300 elements, is multiplexed into even and
odd channels and output in two ports. The data is
shifted in a manner similar to Band 2, 3 and 4.

WiFS

WiFS consists of four CCDs each, with two ports.
The data is shifted in the same way as LISS-III Bands.
The data from WiFS and Band-5 are multiplexed
with Band 2, 3 and 4 data. Pre mux are employed
for WiFS and Band 5 data. Along with valid video
pixels, some blank pixels are added to match the
data format.
- rder interfac

The data handling system also provides the selected
data of either PAN-I (M/R) or PAN-Q (M/R) or
LISS-III (M/R) to the OBTR for recording. The
data during playback is received from tape recorder
and after splitting the data, it is differentially encoded
and fed to QPSK modulator.

2.4.2 DATA HANDLING (RF) SYSTEM

The serial data from the base band system, is fed to
RF system to modulate and transmit the data to
ground. The PAN data is QPSK modulated and
transmitted by 8150 MHz carrier in X-Band. The
LISS-III data is also QPSK modulated and
transmitted through 8350 MHz carrier in X-Band.
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This facilitates transmission of both PAN and
LISS-III data simultaneously. Each stream has a
power output of 40 Watts. Travelling Wave Tube
Amplifiers (TWTA), are employed to achieve this
power. Three TWTAs are provided with 2 by 3
redundancy. Two TWTAs are exclusively
channelised and meant for PAN and LISS-III, while
the third one is selectable for either PAN or
LISS-III channel. The playback data from OBTR
is transmitted through LISS-III chain.

A Beacon system with a power output of about + 20
dBM is being provided and it operates at 8255 MHz
frequency in X-Band. The Beacon signal is com-
bined with LISS-III signal at the antenna, for trans-
mission. The Beacon has the capability to switch
ON/OFF independently.

Figure 2.4.1 shows the schematic diagram of Data
Handling system (RF).

TWTA

COUPLER

COUPLER

FILTER Q

EI 7 ANT
FILTER

Figure 2.4.1 Schematic diagram of RF data handling system




IRS-1D DATA USERS' HANDBOOK

DocumentNo. IRS-1D/NRSA/NDC/HB-09/97

Revision No. she 1l
Date : December 1997
Page No. . 26

2.4.3 ON-BOARD TAPE RECORDER

Itis possible to acquiredata outside the visibility region
of any ground station, through an On-Board Tape
Recorder (OBTR). The OBTR can record and store
data, collected in two segments of § minutes each. Data
recorded on the OBTR, is downlinked to the Indian
ground station during night passes and products are
supplied as per user’s requirements. OBTR has capa-

bilityto receiveandrecord asinglestreamof 42.4515
Mbps data. Hence, either PAN-I or PAN-Q or
LISS-III (withorwithout WiFS) data canberecorded.
The PAN-I or PAN-Q data corresponds to half a
swath while LISS-III data corresponds to full swath.
The reproduced data is configured to be transmitted
through LISS-III chain. Table 2.4.3 gives the major
specificationsand featuresof OBTR.

35se
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- Table 2.4.3 Major Specificati-ons and features of OBTR
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2.5 ORBIT AND COVERAGE

The primary objective is to provide systematic and re-
petitive acquisition of data of the earth’s surface, under
nearly constant illumination conditions. The satellite
operates in a near circular, sun-synchronous, near po-
lar orbit with a nominal inclination 0f 98.53 degrees, at
amean altitude of 780 Kms. The satellite takes
100.55866 minutes to complete one revolution around
the earth and completes about 14 orbits per day. The
entire earth is covered by 358 orbits during a 25 day
cycle. The orbital parameters are summarised in Table
25.1.

Table 2.5.1. IRS-1D Orbit

The mean equatorial crossing time in the descending
node will be between 10:30 and 10:47 a. m. over a
time duration of 4.8 years. The orbit adjust system is
used to attain the required orbit initially and it is main-
tained throughout the mission period. The ground trace
pattern is controlled within + 8 Kms., of the reference
ground trace pattern.

The mean eccentricity of IRS-1D orbit achieved at the
end of orbit acquisition phase is 0.0059.

Asphericity of earth causes long periodic perturbation
in the eccentricity which varies in a sinusoidal fashion
as shown in Figure 2.5.1. The Apsidal line i.e., the
line joining the perigee and apogee points in the orbit,
rotates in the orbital plane. The period of this rotation
isabout 122 days. The eccentricity vector plot over
the cycle is shown in Figure 2.5.2. As seen from Fig-
ure 2.5.1. the mean eccentricity reaches a maximum
value of about 0.0074 and a minimum value of about
0.0050 overone cycle. The actual altitude as a func-
tion of latitude varies with date depending on the mean
eccentricity and argument of perigee on that date. Fig-
ures 2.5.3.t02.5.5. show the altitutde profile with re-
spect to latitude when eccentricity is maximum (e vec-
tor oyer north pole), minimum (e vector over south pole)
and when e vector is over equator. As can be seen
from these figures the minimum altutude can be around
740 Kms. and maximum altitude around 824 Kms. over
0 degree to 50 degrees latitutde region during a cycle
of 122 days.

The sensors collect data with different swaths. Fur-
thermore, the swaths for a given sensor depend on the
actual altitude. Over the latitude region of zero to fifty
degrees, the altitude varies between 740 Kms. to 824
Kms. Hence, the swath of LISS-III sensor in the vis-
ible and NIR bands varies between 127 Kms. and 141
Kms., while in SWIR band the swath varies between
133 Kms. and 148 Kms. The swath of PAN (nadir)
sensor varies between 63 Kms. and 70 Kms., while
the swath of WiFS sensor varies between 728 Kms.
and 812 Kms. Details of overlaps and sidelaps be-
tween scenes of a sensor are given in Table 2.5.2. The
successive orbits are shifted westward by 2,798.5 Kms.
at the equator. Figure 2.5.6. shows a typical ground
trace of the orbits. The entire globe is covered in 358
orbits, between 81 degrees North and 81 degrees
South latitudes during the 25 day cycle.
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Table 2.5.2. Overlap and sidelap between the scenes

Scene layout : Figure 2.5.7. shows the scene layout  comners are numbered as shown in the figure. Same
of LISS-III (visible and NIR bands), LISS-IITSWIR  pattern of marking the corners is followed for other
band and PAN scenes, within one WiFS scene. The  images also. The LISS-TII (SWIR) scenes are framed

in such a way that their length is same as LISS-IIT

| (V, NIR) scene though its breadth is 7 Kms. more
than a LISS-III (V, NIR) scene.

There is an overlap of 6 Kms. to 10 Kms. between
adjacent scenes of LISS-III along a path. Also there
is a sidelap of 15 Kms. to 29 Kms. between scenes
of adjacent paths at equator. The sidelap is
minimum at equator. As we go away from the
equator, the sidelap increases because the paths come
closer to each other, as we move towards the pole.
Table 2.5.2 depicts the sidelap and overlap in case
of LISS-III scenes. The sidelap is more in the case
of LISS-III (SWIR) as the swath is also more when
compared to LISS-III (V, NIR).

As the swath of WiFS is very large, there s a Zl_delzgt
of about 85 % between WIFS scenes of a Ja—tﬁth

aths at equator. But, between the nth and 1(11 i
path the sidelap varies between 56 Kms. and ;
' II)(m; at equator. Hence, for data produc

(

scenes, within one WIFS scene

Sl

o aie 257 eonc Iayout of LISS-11I (visibl
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degrees latitude, overlap exists between nth and n+8th
path which occurs next day itself. Hence, scenes on
nth and n+8th path at the same row can be selected for
data product generation. Also there is an overlap of
around 80 % between adjacent scenes in a path. But
the overlap between mth and m+5th scenes along a
path varies between 96 and 115. Hence, one out of
every five consecutive scenes can be selected for data
products generation.

Revisit capability of PAN : Becauseof PAN's  tilting
capability, a given area can be viewed more than once
withinone cycle. Thisisknownas  revisit, due to
PAN’s steerability. Figure 2.5.8. shows a path with
three adjacent paths on either side from equator, the tilt

angle with which the central path can be viewed from
adjacent paths and also the day number on which the
adjacent paths can be viewed relative to the central
path. From the figure, it can also be seen that the maxi-
mum wait period to view an areais only 3 days. The
maximum tilt angle being + 26 degrees, PAN camera
can see only three paths on either side at equator. As
we go away from equator, paths become closer to each
other. Hence, more number of paths can be viewed
by PAN at high latitudes.

=

Figure 2.5.8. PAN off-nadir viewing capability
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3.1 GROUND SEGMENT OVERVIEW

The main functions ofthe Ground Segment are:

- Telemetry Trackingand Command

- Mission Control

- DataReception

- DataProducts Generation and Dissemination

Telemetry Trackingand Command (TTC) functionsare
carried out by ISRO Telemetry Tracking and Com-
mand Centre (ISTRAC) withits Ground ~ Stations
located at Bangalore, Lucknow and Mauritius, with the
selective support from space agencies of Europe,

Russiaand America. The receptionand recording of
payload data, is done atthe earth station of the National
RemoteSensing Agency(NRSA), located at Shadnagar,
near Hyderabad. Processing and distribution ofall the
products are carried out from NRSA, Balanagar,
Hyderabad. Mission control supportis provided from
ISTRAC, Bangalore. Datais also transmitted to differ-
ent International Ground Stations (IGSs). The various
elements of the IRS-1D Ground Segmentare givenin
Table3.1.1 and the Ground Segment Organisation is
showninFigure3.1.1

Table3.1.1 Ground segment elements and functions
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Figure 3.1.1 IRS-1D Ground segment organisation
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3.2. TTC AND SPACECRAFT CONTROL CENTRE

3.2.1. INTRODUCTION

ISTRAC provides telemetry, tracking, telecommand,
spacecraft operations and control support for IRS-
1D mission through its network of ground stations,
and Spacecraft Control Centre (SCC). SCC
consists of mission control room, mission analysis
room, simulation and training facilities, dedicated
mision control room, computer facilities, flight
dynamic operations and skylink communication fa-
cilities etc. TTC network comprises of a network
of ground stations located at Bangalore (BLR),
Lucknow (LCK), Mauritius (MAU), Bearslake
(BRK), Sriharikota (SHAR), Weilheim (WHM),
Pokerflat (PKF). A description of various facilities
of ISTRAC and their functional responsibilities with
specific reference to IRS-1D are provided in the
following sections.

3.2.2. SPACECRAFT OPERATIONS

The TTC network, Spacecraft Control Centre, data
linksand theoperations team, formessential elements
of mission control. In order to fulfil IRS-1D mission
goals, SCC with TTC network support, conducts a
variety of operations on the spacecraft. Among other
things, these include operationof missionpayloads,
OBTR record/dump operations, PSM camerarotation,
SPS datacollection, near continous health monitoring
and control.

Spacecraft controllers on the ground rely on House
keepingtelemetry tomonitorthehealthofa  satellite.
Telecommands provide the meanstoreconfigure, reori-
entandreposition the satellite by remotecontrol. Track-
inginvolves, measurement of range and range rate of
satellite, with reference to a ground station, from which
the position and velocity of the spacecraft are deter-
mined.

The spacecraft controllers at SCC interact through
voice communication channelswith the TTC stations
and co-ordinate inuplinking the commands, scheduled
during theradio visible segments of every orbit. SCC
is equipped with the requisite mission software and
display terminals to ensure error-free  operations.
These operations are carried out on a routine basis to
keep the spacecraft in the intended health, orbit and
orientation. Anomalies in  spacecraft health and
deviationinspacecraft attitude, are tackled by space-
craft controllers, by swiftaction with the help of mission
specific contingency operations management proce-
dures.

ISRO ground stations at Bangalore (BLR), Lucknow
(LCK), Mauritius (MAU) and Bearslake (BRK),
provide the network support during initial and nor-
mal phases.Initial phase TTC support is augmented
with external agency support from Pokerflat (PKF)

and Weilheim (WHM).

The ISTRAC functional organisation for IRS-1D mis-
sion support is shown in Figure 3.2.2.1.

3.2.3. TTC NETWORK

TTC1s acombination of two or more ground stations
spread geographically. Spacecraftmission operations
and control, require a suitable network of ground sta-
tions to plan and execute appropriate telecommand
operations on the spacecraft, as per pre-determined
time-line. Ground station locations for IRS-1D haye
beenchosenonthebasisof mission's sequence of
events, missionstrategies and sufficientradio visibility
requirements, of importantarcs ofthe orbit.

Support from external agencies, PKF, WHM ismainly
to meetthe following requirements :
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- Spacecraft operations through near continuous
healthmonitoring of spacecraft, during the early
phase.

- Foruplinking timecritical commands during launch
phase,

- Collection oftracking data for definitive orbit

determination, duringinitial phase operations,

mounted onthe main antennasystem, facilitates initial
acquisitionofthesatellite, Capability toreceive upto3/
4 TM carriers, with necessary recording, PCM
decommutation and quick look facilities, existinall the
stations. Each station is provided with a complete
telecommand system of 2 KW RF power and high
precisionrangeandrange rate systems, Each station has

almostcomplete redundancy atall levels. Ground

Soeitn - B0y
- Trackingmode  Auto/Progr
~ Effectivelsotropic
~ Radiative Power >70.0dBw

. TimingAccuracy
- 5. TransmitterPower

"h :.. .‘i.

station computers send the data to mission com-
putersat SCC for data processing.  Important
characteristics of ISTRAC network stationsare
giveninTable3.2.4.1.

3.2.5.FUNCTIONAL REQUIREMENTS
OF TTCNETWORK

The TTC ground station functions are:
* Housekeeping datareceptionin

real time, dwell and play modes.

* SPS datareception and transmission to SCC
computers.

* Conditioning and transmitting the data to

SCC computers.

Transmission of commands generated at SCC

toIRS-1C/1D.

* TrackingIRS-1C/1Dand collecting
range, doppler and angle data and
transmitting to SCC for flight dynamics

operations.

Table 3.2.4.1 Characteristics of ISTRAC
network stations

Theexternalagency support willberequired only during
theinitial phase of IRS-1D.

3.2.4 TTC GROUND STATIONS

ISTRACTTC stations are equipped with almost iden-
tical systems for Telemetry (TM) reception, tracking
and telecommanding. All ground stationsareinstalled
with 10m diameter antenna witha G/T 0f19.5 dB.
Anacquisitionantenna of equivalent lm diameter,

Thedetails of various support finctions, are given
inthe following sub-sections.

3.2.5.1 Telemetry

ISTRAC ground station(s) receives the down-link si g-
nals fromIRS-1C/1D spacecraftinreal-time and carry
outthe followingactivities :

* Demodulate the signal

* Bitand Frame synchronize

* Timetag

* Formatinto standard blocks fortransmission

* Record analog data for recall
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3.2.5.2 Telecommand

Telecommand supportsremotecommanding,in ~ real-
timeduring ground station visibility. Commandscanalso
besentinlocalmodeby entering directly at the encoder
atthe ground stations and transmitted to the spacecrafi.

3.2.5.3 Tracking

Tracking supportis provided during any segmentofthe
orbit subject to radio visibility. Tracking support is
provided simultaneously withtelecommanding. The
ground stations measure range, range-rateand antenna
angles with respect to the spacecraft. This is very
essential for spacecraft orbit determination and ephem-
eris generation. ;

3.2.5.4 Data Communication

Datacommunication linksat ISTRAC establishes the
required communication lines, inco-ordinationwith the
national and international agencies, to ensure transferof
telemetry, tracking and telecommand data using stan-
dard protocols. The TTC ground stations supporting
[RS-1C/1Dand SCC systems, are interlinked continu-
ously through dedicated sky links using INSAT and
INTELSAT satellites and backup land links.

3.2.6 SPACECRAFT CONTROL CENTRE

The Spacecraft Control Centre (SCC) located at
Bangalore is the nerve centre of all TTC and
spacecraft control operations.

IRS-1D Mission operations are conducted from SCC
whichis fully geared up withnecessary technical facili-
ties for carrying out and coordinating IRS-1D space-
craft health monitoring, analysis and control.

Mission Analysis Room(MAR), Mission ControlRoom
(MCR) of SCC comprise of several observation
consoles and command terminals  connected to the

computer facility, forproviding spacecraft health data to
mission experts and mission operations team from pre-
launch till end of initial phase. MAR during IRS-1D
launchphase was large enoughtoaccommodate around
twenty work stations with improved facilities. All
mission activities are carried out from Dedicated Mis-
sion Control Room (DMCR) of IRS-1D, in normal
phase. SCC has several DMCRs, which are
restructured to handle many spacecraft missions simul-
taneously.

The majortasks ofthe Spacecraft Control Centre are

* Scheduling and execution of IRS-1C/1D mission
operations.

* Planning and execution of orbit and AD manoeuvers
as per mission requirements.

* Orbitand attitude determination

* Scheduling of command operations as part of

payload programming

*Housekeeping datamonitoring in realtime.

* Spacecrafthealth data archival and database
management

* Spacecrafthealth analysis and performance
evaluationand reporting.

* Co-ordination with various network stations, IGS,
NDC and otherrelated agencies torealise above
tasks.

* Anomaly identification and recovery action
initiationin case of spacecraft emergencies along
withmission experts.

3.2.6.1 Computer Configuration for IRS-1D:

A distributed computer system architecture is
implemented at SCC, ISTRAC to support IRS-1D
mission during launch and normal phase operations.
This new computer system supports IRS-1D.in the
multi-mission environmentalong withIRS-1C,IRS-P3,
IRS-P4,IRS-P5 Missions.
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Thecomputerconfiguration forIRS-1D comprisesof:

* Work stations for all processing and display of
IRS-1D spacecraft data.

* Fileservers/Database servers for data
management.

* Bridge/Routers forinterconnecting SCC'to
ISTRAC ground stations.

* Gateway systems for interconnecting SCC to
external agencies.

* Virtual LANS for LAN connectivity of all the work
stations, communication processors, file servers.
bridge/routers, etc.,.

Thesesystemsoperate continuouslyand concurrently,
with the existing computersystems which supportongo-
ing IRS-1B,IRS-P3 and IRS-1C missions. On these
systems, aunified software system runs, consistingofa
setoflayeredsofiware products catering to the functions
ofdata communication, datamanagement, data flow
monitoring and intersystem time synchronisation.

Figure 3.2.5.1 shows the computer configuration for
IRS-1D mission operations support.

TO EXTERNAL
STATIONS

, e

Pl

TO ISTRAC
GROUND
STATIONS

MAR MISSION ANALYSIS ROOM

a.w G AT E WAY

©.P COMMUNICATION PROCESSOR
w.s WORK BTATION DMAR *"DEDICATED MISSION ANALYSIS ROOM
B/R BRIDGE ROUTER DMCH DEDICATED MISSION CONTROL ROOM

F:8 FILE SERVER FDDR FLIGHT DYNAMICS DIVISION ROOM

Figure. 3.2.5.1 SCC computer configuration for IRS-1D
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3.2.6.2 Flight Dynamics Operations :
Flight dynamics operations at SCC consistof :

* Processing the tracking the data from ground
stations and determining the orbit.

* Generationofthe orbital events, for scheduling
and spacecraft operations.

* Look angle generation for ground station.

* Transmission of state vector to the users.

* Attitude determination using various sensors.

* Orbitmaintenance planning forstringent orbit

control.

Figure3.2.6.2 provides the flightdynamics operations
supportconfiguration inthe multi-mission environment
arSee.

3.2.6.3 Multi-Satellite Scheduling System :

Effective TTC supportis channelised to IRS-1C/1Din
themulti-missionenvironmentby ISTRAC multimission
schedulingsofiware. Multi-Satellite Scheduling System
(MSS) software programme was developed
and operationalised at SCC.  This MSS interfaces
with Payload Programming System (PPS)
in generating the operation schedules and command
schedules for [RS-1D along with the other

on-orbiting operational spacecrafts, controlled from
SCC. MSS generates IRS-1D schedules optimally, by
taking into account the following factors in the multi-
missionoperations environmentat SCC.

* Spacecraft specific requirements.
* Spacecraft constraints.

* Special operationsrequirements.
* Network ground stations.

* Ground stations configurations.
*Visibility clashes.

3.2.7PAYLOAD PROGRAMMING :

Payload programmingisapayload operation  sched-
ulingprocess whichinvolvestranslationofthe prioritised
payload operational requirements from NRSA Data
Centre (NDC) into a set of sequential command
operations. These commands are merged into the
multi-satellite general operations schedule of ISTRAC.
SCC plans spacecraft command operations 1o
enable data access by IGSs. Assuming atleast one
payload operation per pass, the total commanding load
for payload operations itself will be considerable for
IRS-1Dand thisinvolves close co-ordination between
NDC and SCC.
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3.3 DATA RECEPTION STATION

3.3.1 INTRODUCTION

The Data Reception Station at Shadnagar receives
payload data (PAN, LISS-IITand WiFS)and * Beacon
in X-Band and housekeeping and telemetrydatain  S-
Band.

The earth station has the capability to track and receive
data from any satellite operating in frequency bands
2200-2300 MHz and 8025-8400 MHz (allocated
for Remote Sensing). The Shadnagar ground station
configurationis giveninFigure 3.3.1.1.

3.3.2 EARTHSTATION CONFIGURATION

The Ground Station at Shadnagar near Hyderabad
consistsof:

- Data Acquisition System

- DataArchival and Real Time System

- Communication Links

The existing Servo Control Systems have been
replaced with microprocessorbased servo controller,
which, in conjunction with the above system, will
providereception capability forIRS MissioninX and S
Band. A set of two High Density Tape Recorders
(HDTR) provide theraw data archiving capability for
the payload (PAN and LISS-IIT) as well as telemetry
data with one to one back up capability. The third
HDTR is available as back-up for recording either
LISS-ITI orPAN data. A VAX 3400 based computer
system provides capability for Quick Look and Real
Time System telemetry data reproduction and
processing of the same, to generate level'0’ products.

3.3.3 DATA ACQUISITION SYSTEM

Data Acquisition System at Earth Station Complex in
Shadnagar receives and records video data of PAN,
LISS-III and WiFS cameras, on High Density Digital

Tape (HDT). Simultaneously, both camera data are
displayed on Quick Look displays. The Data Acquisi-
tion System comprises of four constituent elements:
- AntennaSystem “
- ServoControl System
- Receiving/Tracking System
- Recording System
Essentially, the system provides for:
- Acquisitionand recording of payload
andtelemetry data
- Trackingofsatelliteinboth X and S Bands
- Back-up operationsthrough Landsat/ERS
terminal.

3.3.3.1 Antenna system

Thisconsistsofa 1 0m diameter antennaona compact
tracking pedestal. The components ofthe antenna are
of segmental configuration and low weight, bolted con-
struction enabling quick dismantling and assembly
without elaborate alignment process. The reflector
consistsofa machinedreinforced circularhub, which
supports twenty fourradial truss-ribs, twenty four pan-
elsand other circumferential bracings. Alltheintercon-
necting parts of thereflector are machined, so thatno
optical alignment techniques are required at the time of
assembly. Antennasystem characteristicsare givenin
Table3.3.3.1.

- ':Ig(}métré'diamétét :
. 1.5 metre diameter

j@ SminRMSstanc
‘ w-.IQéI(rnl)h‘u‘.ﬂnd
:  l.6tonnes

':a'[wmdvclacﬁy . 200Kmph

Table 3.3.3.1 Antenna system charactenstlcs
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3.3.3.2 Tracking Pedestal

The compact tracking pedestal is a steel structure
housingdrive trains, synchro and limitswitch  pack-

agesand interlocks forbothazimuthand elevation

axes. Tracking pedestal characteristics are givenin
Table3.3.3.2

Gearratio

- AZtravel llmﬂs
Siomng =

teu

3.3.3.3 Servo Control System

The system can be broadly classified into three parts,
based ondigital elements (formode selection, backup
and switching signalroutes), analog signal (positionand
rate compensation, feed-back networks) and power
electronics (employing fully reversible  Silicon
Controlled Rectifier (SCR) bridge, controlling DC
motors driving the antenna). Servo Control system
consistsofmicroprocessorbased Servo Controller, a
PC,Poweramplifiersandother interfaces, towork
as a torque biased dual drive closed loop control
system. Thecharacteristics of Servo control system are
givenin Table3.3.3.3.

= Ready,manual rate
~ manualposition, Com.
- mand angleprogram track,
- autofrack,pesition =
memory,ratememory,' ’
- autotrack andauto acqui-
gL T -
~: Permanentmagnet, shunt
~ wound DC motor, 7. SHP,
~ twoperaxis, short time
~ratingupto 15 HP, r‘até'd:
~ speed 5000 RPM.
- Dualmotordnve foreach
i axxswﬂhtorqueblas

L arrangement to elumnate
- hack-lash.

. AZ22deg/s EL IOdegfs
+ AZ5 deg/sec’. -
- K1 dcgfsécz'
1 NBII-0.5 Hz
 WBII-0.85 He
. BOpercentmaxutnmn

4 2 Hz

'_ :1:0 08 deg

Table3.3 33 Charactenstlcsof Servo Control System
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3.3.3.4 Receiving System 3.34 DATA ARCHIVAL AND LEVEL-0
SYSTEM

The PAN data at 8150 MHz and LISS-III data at
8350 MHz and beacon in X- -Band(8255 MHz) are
received by composite X and S-Band feed for single
channel monopulse configuration in cassegranian
arrangement and amplified using preamplifiers. The
X-Band signals are down converted to an IF of
375 MHz and the S-Band signals are down
converted to an IF of 70 MHz. The X Band
down-converter has 3 channels for down conversion
and two channels for up conversion. Up-Conver-
sion mode is used for RF loop checks. These UP/
DN convertors can be used for any frequency in
X-Band. The down converted signals are QPSK
demodulated. The final extracted data and clocks
from Demod/BSSC are recorded on HDTRs. The
telemetry data received for house-keeping, includes
PM  Demodulator, sub-carrier PSK demodulators
and bit synchronizers. Receiving system specifications
are given in Table 3.3.3.4.

-"Sumcmnnel(}amat
--preampmput(dBl) 540
Frequency i
Babd(l\ﬂz)

;“IFFrequency(Mﬂz) s
:Syﬁem(}ff 3L
g '(dB/degK)

Table 3.3.3.4 Receiving system specifications

The functions of Data Archival and Level-0 System

at Shadnagar are as follows -

* Reception and recording of Payload and
OBTR data daily and CAL data on
scheduled days.

Quick look display for LISS-IIT and PAN

Sub-sampled browse data archival in real

time for both LISS-III (multiple band) and

PAN.

Sub-sampled WiFS browse data generation in

playback mode.

* Generation of ancillary data for LISS-IIT and

PAN.

Generation of ancillary and raw WiFS data

on DATSs.

Browse scene framing and compressed browse

data transfer on network, to browse archival

system at NDC.

All the above functions are performed for

OBTR passes also.

* Interaction with SCC for state vectors,
attitude biases, schedules, processed satellite
positioning system data and other payload
programming requests.

* Interaction with IMS for the transfer of ADIF
on network.

* For scheduled CAL pass, generation of DAT
for multiple cycle CAL disk load for
CALANAL at DQE.

* Act as router for messages between SCC and
NDC for payload programming

3.3.4.1 Data Archival System

As per the IRS-1D mission plan, it is decided that in
the initial phase, data will be recorded on HDTs till
the Advanced Front End Hardware (AFEH) is op-
erational. Subsequently, in real time, the data is to be
stored on Redundant Array of Inexpensive Disks
(RAIDS). Storage of data for permanent
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archival is planned to be on Digital Linear Tape (DLT)
as this is a low cost alternative to HDTs. The archival
system plan after the development of AFEH is the
normal phase of operation.

Initial phase of operation :

Payload

The data from LISS-III and PAN at 42.45 Mbps
and 84.903 Mbps respectively is recorded on two
different HDTRs along with IRIG-A time code. Re-
cording densities are kept at 33.33 Kbps. Data of
two passes of LISS-III or one pass of PAN, can be
recorded on each tape. These recorders have
the facility to read after write for verification of the
data recording in real-time.
n Board Tape Recorder (OBTR

PAN-I / PAN-Q / LISS-III data from OBTR is
recorded on one HDTR at 42.45 Mbps. Data from
two passes can be recorded on one tape. This data
is played back in reverse mode, for the =~ genera-
tion of forward tape for further processing at
Balanagar.

Calibration

CAL data for LISS-III and PAN is recorded on
single HDTR on scheduled days. LISS-III Cal data
is recorded at 42.45 Mbps and PAN cal is recorded
at 84.903 Mbps. Table 3.3.4.1 gives the
specifications of HDTR.

Normal Phase (with the AFEH system)

With the availability of AFEH system at Level-0 sys-
tems, the real time data is planned to be stored di-
rectly on RAID storage disks. Later, the data will be
transferred on to DLTs for permanent  archival.
It will therefore be possible to dispense with the very

Table 3.3.4.1 Specifications of HDTR
expensive HDTRs and HDTs.

Payload, OBTR and Calibration passes :

The Level-0 system is configured as two chains for
Data Archival and Quick Look Browse based on
high-speed UNIX workstation. The data from LISS-
II/PAN-I/PAN-Q will be directly stored in real time
on RAID storage disks. This will be archived by a
UNIX work station, which supports the RAID stor-
age disks.

RAID :

For PAN, 24 GB and for LISS-III, 12 GB for one
day payload operations.

Sustained transfer rate is 18 MB/Sec.

DLT specifications:
Data rate 5 MB/Sec
Capacity 35 GB
Media type MP-2
Interface SCSI-2/Fast/Wide
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3.3.4.2 Timing Systems

The timing accuracy at Level-0 System affects the
along track location accuracy. Therefore time is main-
tained precisely with respect to Universal Time (UT).
This is achieved by means of Time Code Generator
(TCG) which is driven by a highly stable oscillator.
The TCG provides the required IRIG-A fime code
and is synchronized with respecttoa Global Po-
sitioning System (GPS) receiver. The accuracy
achieved is better than 5 Microseconds. Two Time
Code Translators (TCTs) are used with the two FEH
systems for time. Timing system is shown in F igure
3.3.4.2 and specifications of GPS receiver and Time
Code Generator/Translator are given in Table 3.3.4.2.

Table 3.3.4.2 Specifications of timing system

3.3.5 QUICK LOOK AND REAL TIME
SYSTEMS

3.3.5.1 Payload operations (day pass)

The Level-0 system as shown in Fj gure 3.3.5.1
provides a real time quick look display and browse
archival of PAN and LISS-III data. This system
generates pass predictions, antenna pointing angles
and start of scene framing information based on input
from SCC. This system caters to the browse
archival of both LISS-IIT and PAN in real time and
WIFS in playback during initial phase of operation
and LISS-IIT, PAN and WiFS in real time during the
normal phase of operation.

The Level-0 computer system consists of two chains
for Data Archival and Quick Look Browse (DAQLB)
system based on high speed UNIX workstation with
RAID storage. The two chains are configured for the
two sensors i.e., LISS-IIT and PAN in real time for
quick look and subsampled browse data archival
functions. These units are interfaced through a general
purpose SCSI interface board. The FEH units
are modified to cater to OBTR and CAL operations
of Level-0 systems. The FEH unit gives subsampled
video data along with ancillary data in real time to
support quick look and browse functions. The ancil-
lary data created in real time is validated for the
purpose of quality evaluation of the data that is
archived.

In the initial phase of DAQLB implementation, pay-
load data is recorded on HDTRs and HDTs are sent
to transcribing system at Balanagar for the generation
of browse data on DATs by playing the HDTs at
reduced speed.

In the normal phase, data from both the sensors will
be archived on RAID storage disks in real time and
later on will be copied on DLTs at Shadnagar.
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Satellite ephemeris are generated, based on state
vectors information from SCC. Attitude
determination is carried out using validated Auxillary
data and ephemeris. ADIF is generated for all sen-
sors and validated, before being populated in IIMS
over the network. Browse scene framing is done and
compressed browse data is transferred via network
to the Browse Archival System (BAS) at NDC.

3.3.5.2 OBTR operations (night pass)

The Level-0 computer system chain is the same as
that of the day time payload passes. In the initial
phase, the OBTR data will be recorded on HDTR
for all segments, with GRT in real time and another
HDT containing forward data is generated off-line. In
the normal phase, with the availability of AFEH, the
OBTR data will be directly logged on RAID stor-
age disks, for all segments alongwith GRT in real
time.

Two DAQLB chains are configured for the identifica-
tion of LISS-III and PAN OBTR segments and Aux
data is extracted during playback of HDTR in the
initial phase. Sub-sampled browse data for LISS-III
(3 band)/WiFS/ PAN is extracted. After the genera-
tion of Aux files, the quality of the data logged in and
the on-board time to GRT correlation is done using
MOVIES software. Satelllite ephemeris are gener-
ated based on state vectors input from SCC. Atti-
tude determination is done using validated Aux data
and ephemeris. ADIF is generated, for all segments
and validated before being populated in IIMS, over
the network. Browse scene framing is done and com-
pressed browse data is transferred to BAS at NDC
via network.

3.3.5.3 CAL operations (night pass)
The Level-0 computer system is used for CAL

operations also. The CAL data is recorded on HDTR
for all segments, with GRT in real time in the initial

phase. With the availability of AFEH, CAL data will
be directly logged on RAID storage disks for all
segments, alongwith GRT in real time, in the normal
phase. Aux data of LISS-IIT and PAN data is logged
in real time. CAL files are generated and Aux data is
validated using MOVIES software. Multiple
CAL cycle data is disk loaded and transferred onto
a DAT. The CAL DAT is despatched to DQE for
CALANAL.

3.3.5.4 Front-End Processing Hardware (FEH)

FEH will receive data either from HDTR or
built-in simulator. FEH is intended for front-end
preprocessing of data from IRS series of satellites. It
receives data and clock, conditions them, frame
synchronizes and does word synchronization. It
formats and buffers the data suitably for display and
transfer it to the computer. It is connected to an Octane
workstation through SCSI.

3.3.5.5 Telemetry Interface Unit (TIU)

This is a programmable frame synchronizer and
processing unit. This is used for processing the Low
Bit rate Telemetry (LBT - 512 bps) and Raw Star
Sensor (RST- 6.4K bps) data, received from the
satellite or from an in-built simulator. The processed
data is fed to the computer system through DMA
interface.

3.3.6 NETWORKING INTERFACES

The Level-0 Computer System of IRS-1D is
connected to SCC Systems and IIMS systems on
Network for the transfer of various messages like
state vectors, attitude bias, raw star sensor Data,
schedules, payload programming requests and
confirmations and ADIF Transfer. These systems
on the network will be operated under
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heterogeneous networking environment like DECnet
and TCP/IP on the available communication links.
The networking interfaces are shown in Figure 3.3.6.1.

Communication Links

The communication links established through De-
partment of Telecommunication (DoT) lines during
IRS-1A/1B, are now operated through INSAT sat-
ellite in the extended C-band. One 3.8m antenna with
the associated transreceive equipment, is installed at
Shadnagar to link with ISTRAC, Bangalore. This
64kbps link can support multiple voice and data chan-
nels.

Three V-Sat terminals are to be installed at NRSA
Balanagar, Shadnagar and at SAC, Ahmedabad for
voice/data networking amongst these centres. Figure
3.3.6.2 gives the block diagram of the SAT terminal
at Shadnagar.

However, the existing DoT links will be in

Figure 3.3.6.1 Block diagram of SCC-Shadnagar-Balanagar Networking interfaces

operation for some duration as a back-up. NRSA
communication links are shown in Figure 3.3.6.3.

3.3.7 SCC INTERFACE HARDWARE UNIT

In order to enable data transfers related to sta-
tion status and also the HK telemetry data collected
in real time, a hardware interface unit has been en-
visaged, which is designed and developed by
ISTRAC. The status of various equipments at the
data reception station, is made available on a panel
by NRSA, which will be accessed by the
ISTRAC hardware unit.

The HK telemetry data from the frame
synchronizer and the time information from the time
distribution unit, is fed to the interface unit. All the
data is formatted and multiplexed by the unit, be-
fore transmitting to SCC. Regular ADIF data trans-
fer is done through data link from DRS Shadnagar
to DPS Balanagar. The data transmission is in the
form of blocks with X.25 level 2 protocol.
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3.4DATAPRODUCTS GENERATION FACILITY

3.4.1 INTRODUCTION

The IRS-1C/1D Data Products Generation Facility
(DPGF)isdesigned toestablish facilities for generation
of variousdata products, both photographic and digital,
asper usersrequirements. A catalogue ofall acquired
data, alongwith cloud coverand quality information is
generated routinely and maintained in the Integrated
Information Management System (IIMS) for easy re-
trieval as and when required. A catalogue of all the
photographic mastersisalso maintained.

Inorder tomeet the increasing demand for IRS-1C/1D

dataproducts, theexisting facilitieshavebeen  aug-
mented to achieve improved throughput and better
reliability. Some ofthe benefits of augmentationare :

* Nearreal timebrowse generation at Shadnagar
using QLB system.ensuring  browseavailability on
the day ofacquisition.

* Browse data access to users through LAN,
INTERNET, Web Browsers and Dial-up-lines.

* Archival ofraw dataon Digital Linear Tapes
(DLT), tor better storage.,

* Modular Data Processing Units with built-in
quality checks, forreliable and quality outputs
withimproved throughput.

* Fasternetwork for data transfers, to avoid physical
mediatransfer wherever possible.

* Creation of GCPsin various resolutions for
improving geometric quality of the data products.

The major functions of IRS-1C/1D Data Products
Generation Facility are :

* Archival ofraw dataon Digital Linear Tapes
(DLT) forbetter storage. '

* Archivalofall payload data, alongwith their
corresponding ancillary information.

*Browse dataarchival with access to users through
LAN,INTERNET, Web Browsers and
Dial-up-lines.

* Dataprocessing and data product generation which
compriseof dataingest, data correction, transfer
torequired mediaand data product quality
checking.

* Dataprocessing for generation of stereo pairs and
derived stereo products like orthophotos.

* Photo product generation, which includes photo
writing from digital mediato photographic media.

* Quality checking of master films and photo
products.

* Data Quality Evaluation (DQE), formonitoring
thesensor and platform behaviour.

* Integrated Information Management System (IIMS)
for management of products generation and
disseminationactivities.

The flow diagram for dataproducts generationis given
inFigure3.4.1.1.

NRSA Data Centre (NDC) interacts with users, pro-
cesses userindents, monitors and distributes the data
products. All the user requests are processed and
monitored using [IMS, whichconnects all ~ produc-
tion centres. All the user accounts and data supply
information, aremaintained in IIMS.

3.4.2 BROWSE ARCHIVAL & LAN ACCESS

A Browsing facility is a pre-requisite forthe  gen-
erationof dataproducts. Itenables ausertoselect his/
her area of interest for product generation, based on
factors such as distribution of cloud cover over the
scene, percentage of cloud cover and data quality.

Browsing facility archives sub-sampled and compressed
browseimages, alongwith corresponding catalogue in-
formation onmass datastorage devices.
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Italso housesasuitable server for making the browse
dataavailable to the users through queries.

Atpresent, NRSA has different PC-based systems for
thearchival and browsing of images ofthe IRS series
and foreign satellites.

The existing system is being augmented and data of
both IRS series and foreign satellites will soon be made
availableto users at theirwork place, through Internet/
LAN network/Dial-up-lines.

The twomain functions ofthe browse facility are :
*Data Archival.
* Browsing.

Browse imageand catalogue generation areplanned on
DAQLB system in Shadnagar, forIRS-1C/1D. The
sub-sampled, compressed image data (JPEG stan-
dards) and the meta data, will be sent to NRSA either
onmediaorvialink.

Thismetadatai.e.,datadescribingthebrowseimage for
allthe acquired passes, will be stored on disk and will
always be available on the system.

The following is the plan for archival of browse data:
Current Archives

Dueto the large volume of data, 6 months/1 yeardata
willbe made available to the users. International users
.and users in Indian Metros will be able to access the
Browse archives on Internet or through a Dial-up
network. Due to the bandwidth limitations of these
networks, itis planned to maintain two types of current
archives.

* Anarchive withbrowseimages of 1K X 1K resolu-
tion. Thisismaintained for LAN usersof NRSA and
also for the browse data exchange with International
Ground Stations(onmedia).

* Asecondarchive with browse images of 256
X256sizeresolution. This is maintained forthe remote
user, accessing through Internet orDial-up connection. -
Thislowerresolution is achieved by decompressing,
sub-sampling and recompressing the 1K X 1K browse
Images.

Backup Archives

Asthesize ofthe current archives will be limited, the
back dated datawill bemoved to aback-up medialike
Digital Linear Tapes or Digital Audio Tapes. The struc-
ture willbe designed such that the accessing method
issimple. Data from current archives will be moved
to backup archives periodically.

Thefieldsinmetadata file(s), indicate whethertheimage
isincurrentorbackup archive. The Archives Manager
performs the archival and retrieval of data from ar-
chives.

Browse Server

With the evolution of Internet and World Wide Web,
dissemination and browsing ofdifferent forms ofdata
has become easy. It is planned to set up aweb server,
so that the user can access browse archives through
Internet or dial-up network. While making the browse
dataavailabletothe useracross the globe, itisnecessary
to ensure that no format dependent software is
necessary at the user's site. Hence, it is proposed to
developtheinterfaces, withcommerciall yavailable Java
enabled web browsers.

Thebrowse serveris described below :

Two serverswill be available, one for LAN users and
the other for Remote users. Users asking for browse
data will have to choose the options provided in the
Query form and submit it to the server. The server
responds by placing the data and annotations at the
user'send.
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The Browse System will consistof:

1.  QueryHandling System (QHS).
2. IntelligentSearch Engine.
3. Output Handler.

QHS

QHS acceptstheuser's inputs through a query form and
converts to Path/Row details. This output is passed
onto the Intelligent Search Engine, for  fetching the
data. Theuser can specify hisarea of interest in terms of
path-row, latitude-longitude, SOl mapsheet orname of
the location.

When the user submits the query form with the above
inputs, alistofall the availableimages willbe displayed.
Theuser can browse through the images.

QHS will alsohave the following informationas HTML
documents:

*  AboutNRSA : Thisdocumentwill haveall the
information about the organisation and also the
facilitiesavailableat NRSA.

* RS seriesof satellites : This document contains
information aboutthe IRS constellation, launch
details, sensors and theirspectral resolution, etc.,.

*  Productsand Services : Thisdocument contains
details about the available products, mediaon
which those products can be obtained and the
services offered at NDC, etc.,.

* [ atest Interface, ISRO/DOS Newsletters,
information about the user interaction workshops
and other remote sensing related news are planned
to be put on the Web as HTML documents.

* Information about different satellite referencing
schemes.

* Accessioncatalogue.

Intelligent Search Engine

* Ttacceptsthe Path/Row information from QHS.

* Itsearchestherequested browse imageinthe
static database, for the availability of the browse
image.

* Itgets the FILEID, DISKID from the meta data
base.

* TtPassesits output to Output Handler.

Output Handler

* Tt Acceptsthemessages, FILE ID, DISKID from
the intelligent search engine.

* Itactsasaninterfaceto DATA ARCHIVAL

system, itpasses FILEID, DISKID to the

Archives Manager and it receives the extracted

images from the Archives Manager.

It finally annotates the received Browse images

and transfers it to the user's site.

3.4.3DATA PROCESSING SYSTEM

Alltypesofstandard/special products from the different
sensors of IRS-1C/1D are processed at the Data
Processing System (DPS). The identified DPSs to
process these products are :

* DataProcessing System Chain - 1 (DPS C-1)
Data Processing System Chain - 2 (DPS C-2)
Datatranscribing System

Image Analysis System (IAS)

Stereo and Orthophoto Generation System

* % * *

3.4.3.1 Data Processing System Chain - 1 & 2

Theblock diagram ofthe data processing system chain
1 & 2isgivenin figure3.4.3.1. Each chain consists of

* Dataingestsystem
* Dataprocessing system
* Dataoutputting and Data Quality Control

system (DQC).

The data ingest system extracts/ingests the data re-
quired from HDTs/DLTs, for any sensor. Thissystem s
also used forswathmodelling. -
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Thetranscribing system transcribes the data from the
HDTsontoDLTs.

The data processing work station performs all
radiometric and geometric correctionsonthe  ingested
data.

The output and quality control work station checks
all the generated products and then the data is
transferred onto desired output media for digital
products and to the Photo Compatible Tapes (PCTs)
to be sent to filming work centre, for generation of
photographic products.

Scheduling strategy for DPS chain-1 & 2

Requestqueing by IIMS to DPS chain 1 and 2is done
through ITMS work order file whenever DPS chain
scheduler is initiated.

Functions ofscheduler:

* Normalrequestqueueing :

- system capability to generate specific product.
-HDT dependancy.

- Priority.

-Merging of multiple products of same scene.

- Batching of multiple mediaproducts for same scene.

* Priority request queueing :

- Out-of-turn assignment forurgent products.

-Queing based on completion or operator request.

- Swath model on DPS chain 1 and 2 and GCP
updationon DQE system.

3.4.3.2 Special Products Generation System

Inorder to meet the demand from users for the
supply of non-standard/special products, a
dedicated system with image analysis software
is established. This system will be used to generate
mosaic products, PAN +LISS-III merged
products, portion extractions and enhanced
products.

3.4.3.3 STEREO AND ORTHO PRODUCTS
GENERATIONFACILITY

The following products will be generated at this
facility :

1. Orthoimages

1 PANOrthoimageson 1:25,000scale foran
areacorrespondingto 7.5' X 7.5, forwhich
stereo data and corresponding scanned map or
atleast four GCPs are available.

ii. LISS-III Orthoimages on 1:50,000 scale for
mapsheetareaof 15' X 15' for which DEM is
madeavailable by the user.

2.Basic stereo pairs

The functional diagram ofthe systemis shown in Figure
3.43.3.

3.4.3.4 Ground Control Points Library

Ground Control Points (GCPs), are points which
are precisely identifiable in the geometrically
uncorrected image data as well as on ground, or
equivalently, onalarge scale topographic map. GCPs
areused for performingor evaluating the geometric
corrections applied to the data.

To facilitate operational generation of highly
precise geometrically corrected data products for
IRS-1C/1D, adigital library of Ground Control
Points is being built. The GCP library mainly
consists ofthe following two data sets:

1. Ground co-ordinates of GCPs and

il. Spaceimages for digital GCP chip extraction
and digital/manual GCP identification.
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Thebasiclibrary generationis doneat SAC, in collabo-
rationwith Survey of India, for finding GCP ground co-
ordinates, and then installed at NRS A for operational
use. The ground co-ordinates are found using any one
ofthe following methods.

* From 1:25,000 toposheets,
* using GPSreceivers.

The library contains around 1500 GCPs for LISS-III
sensor covering the Indian landmass, generated from
IRS-1B LISS-1I data. In orderto operationally use the
GCP library, the digital GCP chips need to be updated
with IRS-1C LISS-III/PAN data, covering different
seasonsoftheyear. This GCPupdationactivityisbeing
carried outat NRSA at GCP/DQE system.

3.4.3.5 Swath Model

Conventional geometric correctionmethodsmodel only
thesystematic errors, giving ground location accuracies
of data products of the order of kilometerortwo, fora
scene. Forthe correction ofrandom errors and genera-
tionofhighlyprecisedata products,individual scene

based GCPsare traditionally used.

ForIRS-1C/1D, to operationally realise ahighly pre-
cise geometric correction, a passprocessing method,
called ‘SwathModel’, is adopted which uses only a few
precise GCPs spread over each pass. Modelling the
pseudo-navigational orplatform parameters, usinga
few precise GCPs over the entire pass (or multiple
scene segments), will resultin location accuracies better
than 200m inany scene.

Thebasicrequirement for swathmodelling isthe avail-
ability of a GCP library, with accuracies
commensurate with theresolution of IRS-1C/1D sen-
sors. Swathmodelling is adirect extension of precision
processing schemeovermultiple scenes. The knowl-
edge of precise image and ground positions, of a
number of well distributed GCPs overa payload pass,
is being used as observations to model the low and
middle order frequency components of orbit and atti-
tudeerrors respectively, over atime period of interest
(approximately 15 minutes).
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3.5 FILMING SYSTEM

The filming system is a centralised facility for
generating B/W and color master film products for all
satellites/sensors. The Filming system is equipped
with B/W and Color FIRE-240 recorders for
exposing 10" X 10" films. A Large Format Film
Recorder is also available for exposing B/W films,
B/W  photographic paper and Color films of 40" X
40" size, These systems use Photo Compatible Tapes ' .
(PCT) generated by Data Processing Systems, for
master film/paper product generation. -

At filming system, film CCTs alongwith the IIMS work
order for film/photographic paper products, are re-
ceived from DPS. A test target is filmed in each i
batch of the film, to verify the performance of the -
Film Recorder. Films are generated as per priority in
IIMS work order. Afier updating IIMS work order,
the exposed film is sent to photolab for processing.
Before filming, the image is seen on the display. This Film Recorder

operation considerably reduces the chances of rejec-

tion of the film. The films rejected by Quality — Configuration of the Filming System is given in Fig-
Control, due to filming reasons are refilmed in  ure 3.5.1.

subsequent batches and sent for photo processing.

Figure 3.5.1 Configuration of Filming System
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The various types of films/prints generated at the
Filming System are :

B/W negative film (10" X 10")

FCC negative film (10" X 10")

B/W negative film (40" X 40")

FCC negative film.(40" X 40")

B/W positive paper (40" X 40")

* ¥ * ¥ ¥

3.5.1 FILMING LOOK-UP-TABLE (LUT)

A LUT is applied to the image data to correct film,
photo processing and photowrite non-linearities. Look
Up Table is also used for enhancement of image data.

Film Gamma correction LUT

Linear Gamma Look Up Table is applied to image
data for correcting the film, photo processing and
Photowrite non-linearities (Figure 3.5.1.1).

3.5.2 LARGE FORMAT PHOTOWRITE
SYSTEM

In Large Format Photowrite System, large scale out-
puts can be obtained, by exposing 40" x 40" B/W
film or B/W paper or Color negative films. In con-
ventional reproductions, due to the diffusion effect,

Figure 3.5.1.1 Film gamma correction

the minor details are lost giving a rise to poor Moduler
Transfer Function. In digital photowrite systems, higher
MTF is obtained, due to the inherent features built in
the system. In  digital image generation, as each
pixel is exposed separately, higher MTF is achieved.
Look-Up Tables are used for correcting film and pro-
cessing characteristics and photowrite non-linearities.
The configuration of the system is given in Figure
3.52.10.

PC-486 SYSTEM
RAM 8MB

Figure 3.5.2.1. Configuration of Large Format Photowrite System
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The various types of films/prints generated at the
Filming System are :

B/W negative film (10" X 10")

FCC negative film (10" X 10")

B/W negative film (40" X 40")

FCC negative film (40" X 40")

B/W positive paper (40" X 40")

x®x ¥ X ¥ *

3.5.1 FILMING LOOK-UP-TABLE (LUT)

A LUT is applied to the image data to correct film,
photo processing and photowrite non-linearities. Look
Up Table is also used for enhancement of image data.

Film Gamma correction LUT

Linear Gamma Look Up Table is applied to image
data for correcting the film, photo processing and
Photowrite non-linearities (Figure 3.5.1.1).

3.5.2 LARGE FORMAT PHOTOWRITE
SYSTEM

In Large Format Photowrite System, large scale out-
puts can be obtained, by exposing 40" x 40" B/W
film or B/W paper or Color negative films. In con-
ventional reproductions, due to the diffusion effect,

Figure 3.5.1.1 Film gamma correction

the minor details are lost giving a rise to poor Moduler
Transfer Function. In digital photowrite systems, higher
MTF is obtained, due to the inherent features built in
the system. In  digital image generation, as each
pixel is exposed separately, higher MTF is achieved.
Look-Up Tables are used for correcting film and pro-
cessing characteristics and photowrite non-linearities.
The configuration of the system is given in Figure
3.5:.2.1,

i

PC-486 SYSTEM
RAM 8MB

Figure 3.5.2.1. Configuration of Large Format Photowrite System
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3.6 PHOTO PRODUCTS GENERATION SYSTEM

Photo Processing Laboratory isresponsible for master
film processing and generation ofall B/W and Color
photo products, inthe form of film transparencies and
paper prints. It is equipped with modemn photo
processing and duplicating systems. The facilityistailor
madetomeetthe stringent quality requirements of
photoproducts, asrequired by users. It consists of :

* Master film processing systems

* Photo Printers and Enlargers

* Duplicate products processing systems
In the photo processing system, the exposed film is
processed and the master image is sent for quality
check, at quality control. The products which qualify
the quality criteria are routed to Photolab. Photolab

takes the work order from IIMS, draws the required
master from film archives and retums the same afterthe
product is generated. The final products are sent for
quality check, to quality control work centre. Photo
Processing system has a number of "In-Process
Control" checks, to ensure quality ofoutputs. For this
purpose, sophisticated Sensitometricand Analytical
tools are available. The functions of various photo-
graphic systemsare giveninTable3.6.1.

Figure.3.6.1 and 3.6.2 show the Photo Processing
work flow of various data products.
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Versamai ﬁ]m processor—l o
Hostert C-41 film p processnr = '}

LF Colenta C-41 film processor :
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' HK contact printer-I/IT .

HK contact printer - I[[/I s
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'LF Contact pnnter/Hostert B/W paper pmcessor
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Table-3.6.1 Functions of various photographic processors
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Figure 3.6.1 Photographic products generation flow
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Figure 3.6.2 Large format photographic products generation flow
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3.7 QUALITY ASSURANCE

Efforts are made to ensure that only good quality data
products are sent to the users. The Quality Assurance
System (QAS) consistsof :

1. Rawdataquality verification

i.. Dataproduct Quality Control (QC)

Figures 3.7.1 and 3.7.2 depict the QAS. Tables 3.7.1
to 3.7.3 give the specifications of various photo prod-
ucts.

3. 7.1 RAWDATA QUALITY

All the acquired data are checked for scene quality
using automaticmethods. This informationis available
intheaccession catalouge.

3.7.2 DATAPRODUCTS QUALITY
CONTROL

Allproduction centreshaveinbuiltinProcess ~ Control,
by which all the equipment identified for production
work are certified for quality outputs. In the case of
digital products, PC based systems are used for the
inspection of data.For photoproducts, the masters are
inspected for data acquisition, data processing and
filming/photoprocessing problems. Accepted masters
are kept in Master Film Archives (MFA) for
further photo reproductions as per user
requirements. The duplicate photoproducts, are sub-
jected to final QC inspection for photo
duplication quality. Themasters willbechecked against
the specifications (Table 3.7.2), and certified
accordingly.

.3.7.3GENERAL CRITERIA

i Product should be free from severe vertical

striping.

Data loss should not exceed one scan line

ii. Scattered Pixel dropouts should not affect
more than 5% of the total image area.

=5

iv. There should not be any image distortions
affecting the continuity of data.

3.7.4 PHOTO PRODUCTS CRITERIA

All photo products should conform to the
following criteria :

i Film Recorder problems such as
microbanding, seating problem, recorder
lines, fog, scratches etc., should not affect
the interpretability of the image and
aesthetic quality of the image.

i.  Photo Processing defects such as roller
marks, scratches, fog, dust, finger prints,
inks etc., should not affect the interpret-
abilityand aesthetic quality of the image.

ii. There should be sufficient image contrast so
that the photographic duplicate can be
interpreted easily.

3.7.5 DIGITAL PRODUCT CRITERIA
Digital products should conform to the

following :
1 Should be free from severe vertical striping.

ii. Data loss should not exceed one scan line.

iii. Scatterred pixel dropouts should not affect
more than 5% of the total image area

iv. Digital products should be free from physical
damages and be readable in a system other
than the one available in production unit.

v. Digital product should conform to NRSA
digital product format document.
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Figure 3.7.1 Quality control scheme for digital products
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Figure 3.7.2 Quality control scheme for photoproducts
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Table 3.7.1 Specifications of Photomaster
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Table 3.7.3 Speciﬂcations of photoprints

However, considering the volume of data  for replacement, free of cost. It should however be
products generated, it is possible that a  noted, that, the quality of reproduced product, can
defective product may be supplied to the user. In  never exceed the quality of the master reproducible
such cases, the products may be returned to NDC  in the archives.
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3.7.6 DATA QUALITY EVALUATION (DQE)

Theprimary function of DQE is to monitor the perfor-
mance ofthe sensors and the stability of the platform.
DQE canbebroadly classified into

1. Radiometric DQE
i. Geometric DQE

3.7.6.1 Radiometric DQE

Theperformance ofthe sensors are continuously moni-
toredby Radiometric Data Quality Evaluation (RDQE).
RDQE canbe evaluated intwo ways. i.e.,

1. Calibration Analysis
i. SceneRelated Analysis

Calibration Analysis

The facility forinflight calibrationis available for PAN
and LISS-IIT as described in section 2.3.3.

Thecalibrationdatais obtained from the satellite during
night pass, once in each cycle. This on-board
calibration data will be compared with ground ref-
erence data. The parameters used in evaluation are:

1. Standard errorbetween the on-board calibration
dataand groundreference data

i. Temporal errorbetween two successive on-board
calibrationdata

ii. Dark currentlevels

iv. LED status

SceneRelated Analysis

Spectral response of the sensor is evaluated by com-
paring spectral signature of various known terrains
viz., desert sand, riversand, vegetation, water, barren
land, urban area and snow at different sun elevation
angles.Scenerelated evaluation is carried out once in
eachcycle using browse level digital data,

3.7.6.2 Geometric DQE

Geometric Data Quality Evaluation(GDQE)is done
toknow the following :

- Location accuracy of data products
- Band toband misregistration
- Internal distortionsin ascene

Thesewillbedoneusing, ADIF information and GDQE
ofacquired scenes.
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3.8 ARCHIVES

The Archives work centreisresponsible for receiv-
ingand archiving HDTs/DLTs and Photographicmaster
films. The HDTs/DLTs and master filmsareissuedtoa
work centre onrequest and are replaced on completion
ofthejob.

Intheinitial phase of IRS-1D operations, both HDTs/
DLTsareplanned tobearchived. Afterstabilisationof
transition from HDTs to DLTs, only DLTs will be
archived.

The functions of HDTs/DLTs and Photo master ar-
chives aredescribed below:

HDT/DLT Archives

- Receiptof HDTs/DLTs from Shadnagar

- Archival of HDTs/DL Tsinsequential order,
maintaming ~ properenvironment

- Issuing therequired HDTs/DLTs to DPS

- Replacing HDTs/DL Tsreceived back from DPS

- Cleaning the HDTs periodically

- Periodic cleaning and evaluation of CCTs.

Photo Master Archives

- Archival of photo master films ofdifferent
satellites

- Maintenanceof properenvironment

- Issuing themasters on Photolab request

- Replacing mastersreceived back from Photolab

- Deletionof degraded masters.
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3.9 INTEGRATED INFORMATION MANAGEMENT SYSTEM (1IMS)

1IMS is an endeavour in the direction of automation
whenmanual methodsarchighly difficulttohandle large
amount ofacquired data, different types of data prod-
ucts from various satellites and stringent turn-around-
timerequirements.

1IMS is aco-ordinated system, that handles the entire
sequence of operations, right from the momentan
orderisreceived, till the product is despatched. [IMS
manages the accessioninformation of varioussatellites,
automates all the functions of user order/request pro-
cessing, useraccounting, monitoring, archival, costing
andbilling ofthe dataproducts.

[IMS system is builtaround DEC-Alpha 3000 model
6008, having 2MB Cache and 96MB main memory
with 5GB disk space. Theoperating systemis VMS-
AXP and the data base software is DEC RDB. Con-
figuration ofthe [IMS system is given in Figure 3.9.1

The main functions of IIMS are:

Management of the acquired data

Generation ofaccession catalogue
Proformaprocessing

Userorder/Request processing

* Priority of dataproducts generation

*User Account/Billing management

* Variousreports formonitoring the production
status of the products

Dynamic scheduling of datarequests toasystem
Work-orders for various work center
Updation functions foreach work center
HDT/CCT/Film Archives Management
Production Management
AccountinginIndian and Foreigncurrency
Statistics on datausageby usersetc.,.

*OH ¥

* ¥ * *

* *

*

Inaddition to the above functions, the following func-
tionsareincluded for IRS-1C/1D:

* Interfacing with Swath Modelling operations
* Pass Programming operations

The systemhandles different products like

* CCT (6250 bpi)

* 8mm Exabytetape

* CD-ROM

Cartridge (525 MB)

Transparency (Black and White, FCC)
Paper Print (Black and White, FCC)

* H *

The various work centers involved in the production
chainare:

* NRSA Data Centre

* DataProcessing System Chain(s)
* Filming System

* Photo Processing Facility

Photo Lab

* Quality Control

* Archives

*

Thework centersinvolved inthe production of different
products are different. The data product generation
involves several complex sequence of operations and
the data product flow isbased on the satellite, sensor,
product type, format and media. Allthisis achieved
through the efficient computerised IIMS.

Variousqueriesregarding dataavailability, quality ofthe
dataavailable and area coverage for theuser specified
requests, are handled by NDC using the utilities
provided by IIMS.

Wil
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Integrated Information Management System facility
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Figure 3.9.1 Configuration of Integrated Information Management System
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4.1 REFERENCING SCHEME AND DATA PRODUCTS

This Chapter describes the IRS-1Dreferencing scheme
and the various types of data products, that willbemade
availableto the users. Thereferencing schemeis dis-
cussed in Section 4.2. The various types of products
thatare generated at the DPS, are described in Section
4.3. These include the path-row based, shift-along-

track, quadrant, geocoded and special products. The
path-row based productsare generated onthebasis of
theIRS-1D1image referencing scheme and are available
onboth films/paper and digital media. The shift-along-
track products are generated by sliding the standard
scene along the track.
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4.2. REFERENCING SCHEME

4.2.1. DEFINITION

Referencing scheme, which is unique foreach  sat-
ellite mission, is ameans of conveniently identifying the
geographic location of areas on the earth. This scheme
is designated by Path and Rows. The Path-Row con-
cept is based on the nominal orbital characteristics. This
section describes the referencing scheme and related
information.

4.2.2.PATH

An orbit is the course of motion taken by the satellite in
space and the descending ground trace of the orbit is
called a ‘Path’. Ina 25 day cycle, the satellite com-
pletes 358 orbis with an orbital period of 100.559 min-
utes. This way, the satellite completes approximately
14 orbits per day.

Though the number of orbits and paths are the same,
the designated path number in the referencing scheme
and the orbit number are not the same. On day one
(D1), the satellite covers orbit numbers 1 to 15, which
as per the referencing scheme will be path numbers 176,
151, 126, 101, 76, 51, 26, 1, 334, 309, 284, 259,
234,209 and 184, assuming that the cycle day one has
Path 1. So orbit 1 corresponds to path 176, orbit 2 to
path 159, orbit 3 to path 126, etc. The sixteenth orbit
or first orbit of day two (D2), is path 159 which will be
to the east of path 151 and is separated from path 151
by 8 paths.

4.2.3. ROW

Along apath, the continuous stream of data is segmented
into a number of scenes of convenient size. While
framing the scenes, the equator is taken as the refer-
ence line for segmentation. The scenes are framed in
such a manner, that one of the scene’s centre lieson the
equator. Forexample, a LISS-III scene, consisting of
6,000 lines, is framed such that, the centre of the scene

lies on the equator. The IRS-1D scene centre latitudes
for LISS-III will be same as that of IRS-1C and each
scene consists of 6,000 lines.

The lines joining the corresponding scene centres of
different paths are parallel to the equator and are called
Rows. The uniformly separated scene centres are, such
that, same rows of different paths fall at the same lati-
tude. The rownumber 1 falls around 81 degrees North
latitude, row number 41 will be near 40 degrees North
and row number of the scene lying on the equator is
75. The Indian station coverage extends from row num-
bers 40 to 82 and path numbers 70 to 126.

4.2.4. SCENE DEFINITION

The camera scans the ground track, line by line
continuously. The satellite motion along the track pro-
vides continuous imaging of the ground. This continu-
ous stream of data is segmented into convenient sizes.
These segments are called scenes.

The camera system takes certain amount of time to read
and register the CCD array data. This integration time
is chosen prior to launch and is fixed throughout the
mission. The integration time for each camera is so
chosen, that, it is equivalent to the time taken by the
satellite in nominal orbit, to traverse the scan line dis-
tance of the respective cameras. The across track
width is limited by the swath of the respective cameras.
Due to the line-by-line mode of scanning, the along track
scan is a continuous strip and is divided into a number
of uniform scenes.

Each line of the camera consists of fixed number of
CCD elements, in the form of an array. The image
obtained by one CCD element is a pixel. The pixel
size on ground is equal to the resolution of the
respective cameras. The across track length of the
scan (swath) is determined by the pixel size and
number of elements in a line. Each imaging sensor
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scans line by line during its integration time, which is
fixed for each camera. Thus, each camera scans a
fixed number of lines in fixed intervals of time. There-
fore, the along track length of a scene is based on the
number of lines in that scene.

4.2.5. USE OF REFERENCING SCHEME

The Path-Row referencing scheme eliminates the us-
age of latitude and longitudes and facilitates conve-
nient and unique identification of a geographic location.

It is useful in preparing accession and product cata-
logues and reduces the complexity of data products
generation.

Using the referencing scheme, the user can arrive at the
number of scenes that covers his area of interest.

Due to orbit and attitude variations during operation,
the actual scene may be displaced slightly from the nomi-
nal scene defined in the referencing scheme. Hence, if
the user’s area of interest lies in border region of any
scene, the user may have to order the overlapping
scenesin addition to the nominal scene.

4.2.6. IRS-1D REFERENCING SCHEME

The Referencing Scheme of IRS-1D is similar to IRS-
1C, where LISS-III scene is taken as the refer-
ence.

The PAN scenes acquired with near nadirtilt, can be
fitted into the LISS-III scene.

For identifying continious WiFS scenes, every fifth
LISS-III scene can be chosen.

4.2.7. LISS-III REFERENCING SCHEME AND
SCENE COVERAGE

The minimum swath of LISS-III is about 127 Kms. in
visible and near infrared bands and 133 Kms. in Short

Wave Infra-Red (SWIR) band. Since the swath of
LISS-III in all the four bands is greater than the inter-
orbit distance (111.94 Kms.),the  sensorscans the
entire globe once in every cycle, without gaps.

The referencing scheme of LISS-III consists of 358
paths numbered from West to East. Each path con-
sists of 149 rows. Consecutive paths are covered
with a separation of three days. IfPath 2 is covered
on day one, Path 1 will be covered on day four (Figure
427.1).

Each LISS-III scene of visible and near infra-red bands
covers aminimum area of 127 Kms. x 145 Kms. In
the case of LISS-IIT SWIR band, the minimum

area covered is about 133 Kms. x 145 Kms. The
minimum side lap between two LISS-III (V, NIR)
scenes is about 15.1 Kms. at the equator and for SWIR
band itis about 21 Kms. The minimum overlap be-
tween successive scenes in a path is about 6 Kms. The
SWIR band coverage in a LISS-III (V, NIR) scene is
shown in Figure 4.2.7.2.

Figure 4.2.7.1. LISS-III coverage pattern
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4.2.8. PAN REFERENCING SCHEME AND
SCENE COVERAGE

As already mentioned in Chapter 3, the PAN
camera consists of three CCD arrays. Each array in
turn consists of four ports. The data fromthe sen-
sor is formatted into two serial PCM streams, called I
and Q. The data from the four ports of first CCD
array and ports one and two of the second CCD array
are multiplexed and formatted to form stream 1. The
data from the four ports of the third CCD array and
ports three and four of the second array are multiplexed
and formatted into the ‘Q’ stream. So I+ Q streams
put together form the PAN full scene. The minimum
total swath of the three arrays of detectors put together
is about 63 Kms., when viewed in the nadirmode. This
leads to gaps because the distance between any two
orbits (paths)is 111.94 Kms. Provision has been made
to steer the camera + 26 degrees. By tilting the cam-

LS ATy
Figure 4.2.7.2. LISS-II1 SWIR scene over
LISS-III (V, NIR) scene

era, entire globe can be covered, though not in the same
cycle.

The referencing scheme of PAN has been evolved
around the LISS-III scene centre. Further, each

LISS-III scene can accommodate four PAN full scenes
designated as A, B, Cand D. The PAN scenes will be
referred to by the same path and row numbers as that
of LISS-III along with the suffixes A, B, C and D (Fig-
ure4.2.8.1.). Itisto be noted that this layout for PAN
is chosen for referencing scheme only. The side lap
between A & B and C & D is assumed tobe 1 Km. It
is possible to process the data CCD array wise.

Thishasleadtothe concept of PAN subscenes as
in the case of IRS-1A/1B LISS-II. A PAN scene
consists of nine subscenes and each is of minimum di-
mension of 21Km x 23Km.

The configuration of PAN camera is such that, inthe
nadir view, the PAN scene center will fall in the ground
trace of LISS-III as shown in Figure 4.2.8.2. Itis
evident that scene A & B are partially covered in the
nadir, hence, in actual practice, because of the
steerability, the data corresponding to scene A & C
(or) B & D are acquired fully, by tilting the camera at
an angle of + 2.4 degrees approximately from nadir.

© L lssdiscens L
—— PANFullstene
= PAN Sub-scenes

Flgure4281PAN subscénés '
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4.2.9. WiFS REFERENCING SCHEME AND
SCENE COVERAGE

The WIFS referencing scheme is also based on LISS-
III scene centre. Due to eccentricity of IRS-1D orbit
the WiFS swath varies between 728 Kms. and 812
Kms. depending on the apsidal locationat  imaging
time. However, due to large coverage of each WiFS
scene (minimum 728 Kms. x 795 Kms.), there is an
overlap of 83 %1. e., 620 Kms. between adjacent paths.
Similarly, the overlap between adjacent rows is about
620 Kms. So,ifauser requires continuous area,
say, 1,200 Kms. x 1,200 Kms., it is enough if he or-
ders for four WiFS scenes. The point to be noted
here, is that, that user should order data pertaining to
path P and path P + 6 (which is covered with a gap of
one week) androws R and R+ 5 of paths Pand P £ 6,

127 km /141 km (min /max)

T

63 km /70 km (min/

Figure 4.2.8.2. PAN scene (NADIR)
to cover his entire area. This way user gets data per-
taining to his area within a week (Figure 4.2.9.1.).

The huge overlaps between the WiFS scenes of adja-
cent paths, results in repeated coverage of the same
areain a given cycle.

A given scene can be covered completely on its day of

pass and also by a combination of two scenes, acquired
on different days, during the cycle.

Take again path P1 whichis covered onday D1. The
ared pertaining to Path P1 can also be covered by the
following combinations of paths, acquired on various
days during the cycle.

Combination of Paths Day of the cycle
P2-P354 23rd and 16th
P2-P355 23rd and 13th
P2-P356 23rd and 10th
P2-P357 23rd and 7th
P2-P358 23rd and 4th
P3-P355 20th and 13th
P3-P356 20th and 10th
P3-P357 20th and 7th
P3-P358 20th and 4th
P4-P356 17th and 10th
P4-P357 17thrand 7th
P4-P358 17th and 4th

This is the case at the equator. Since at higher
latitudes the overlap is more, the coverage is more

frequent.

4.2.10. REFERENCING SCHEME MAPS

The reference map of IRS-1D is similar to IRS-1C.
In addition to the reference maps, a software
package called Integrated Digital Referencing Scheme
(IDRS) is available with NDC which has a number of
utilities like coaverting the path-rows of one satellite in
terms of other, identifying the scene based on latitude/
longitudes or mapsheet number, etc. This software can
work onany PC, with Windows 3.1. The software
canbe provided to users, on a floppy, on request.
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Figure 4.2.9.1. WiFS scene coverage

4.2.11. DETERMINATION OF OBSERVATION
DATES

For the chosen path, the ground track repeats every
25 days, after 358 orbits. Therefore, the coverage
pattern is almost constant.

The deviations of orbit and attitude parameters are con-
trolled within limits such that the coverage pattern re-
mains almost constant through out the mission. There-
fore, on any given day, it is possible to determine the
orbit which will trace a designated path. Once the path
is known, with the help of referencing scheme, it is pos-
sible to find out the region covered by that path. There-
fore, an orbital calendar, giving the details of paths,
coveredon different days, is helpful to users to plan
their procurement of satellite data products.

Considering a typical path calendar (Table 4.2.11.1.),
assuming that path number 23 starts on January first, if
data over a geographic area covered by path 60 is re-
quired, it is seen that this path is covered on days, 15th
January, 9th of February, 6th of March and so on.
Thus, it is possible to know on which day the required
data has been collected, or is going to be collected.
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4.2.12. ESTIMATION OF PATH AND ROW,
LOCAL CLOCK TIME AND OTHER
DETAILS FOR ANY POINT ON INDIAN
SUB-CONTINENT

The procedure outlined below may be used to
determine the path and row, Greenwich Meridian
Time (GMT) and the local clock time when the
satellite passes over any point in the Indian
sub-continent.

1. Define the latitude and longitude of the point
of interest over Indian region.

ii. Determine the approximate descending node as
follows :
1. Locate the latitude of the point of interest in
Table 4.2.12.1. Table 4.2.12.1. gives the
longitudinal difference from the given longitude
to the descending node longitude, as a function
of latitude.

2. Read the value of longitude from this table.
If the latitude falls within two values, then,
interpolate and get required longitude.

3. Add this value to the longitude of the point
of interest, to get rough estimate of descending
node longitude.

iii. The actual descending node details are obtained
as follows :

1. Table 4.2.12.2. gives the descending node
longitude of all paths over Indian region. Find
the path, nearest to the longitude computed in
step ii. This gives the path number and
descending node longitude of the path.

2. Table 4.2.12.3. gives the descending node
time (GMT), expected for each path over
Indian sub-continent.

iv. GMT at the point of interest is found as
follows :

1. Given a latitude, using the nominal inclina-
tion of the orbit, the time from descending node
can be calculated.

2. Add the time to the GMT of the descending
node as obtained in step iii, by carefully noting
the algebraic sign.

v. The Indian Standard Time (IST) is obtained
by adding five and a half hours to the time
(GMT) obtained in step iv.

vi. Table 4.2.12.1. gives the row numbers versus
latitude. Find the nearest row latitude from
this table and assign the same row number.

Thus, with the above procedure, the path and row
numbers and other details of the point of interest
can be obtained. The details presented in Tables
4.2.12.1. t0 4.2.12.3. are typical.

4.2.13. FRAMING PROCEDURE AND SCENE
CENTRE AND CORNER COORDINATES
EVALUATION FOR THE REFERENCING
SCHEME

Based on the reference orbit, ephemeris are
generated for all the 358 orbits of one coverage cycle.
From the ephemeris, all the details about the paths
over the Indian sub-continent are extracted. These
details are path number, descending node details etc.
Descending nodal points of all the paths are the scene
centres. The row numbers and corresponding
latitudes are same as that of IRS-1C. The scene
centres times are computed using ephemeris and row
centre latitudes. Therefore, all the details of
LISS-III scenes along the paths are obtained,
taking descending nodal points as reference. While
assigning thee row numbers, counting is done from
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Table4.2.12.1 The difference in longitude of a given row latitude and descending time
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northern most scene centre, on a path. The size of
LISS-III scene is 6,000 pixels X 6,000 lines. Once
scene cnetre time is known, by taking 3,000 lines above
and below that point, the scene start and end timings
can be obtained.

In this process, the along track overlap is automatically
taken care and sidelap is given by ground track placings.
Similarly, all the LISS-III scenes are sized along the
track. By evaluating comer coordinates of each scene,
the framing is completed. The details are provided in
the next section.

Each LISS-III scene can contain four PAN scenes.
From the scene definitions, it is possible to obtain the
start and end timings of PAN scenes by knowing the
LISS-III scene centre time. With respect to LISS-III
scene centre, scene centres and corner points of other
payloads in terms of lines and pixels can be established.
Therefore, other payload scenes are easily framed. The
layout of scenes are such that, the requirements of over-
lap and sidelap are taken care of.

PAN scenes will be in the A, B, C or D segments of a
LISS-IIT scene, only when the tilt is about 2.4 degrees.
However, whenever PAN is tilted by a large angle, the
corresponding PAN scene centre times are computed
using ephemeris and the actual PAN scene centre lati-
tude obtained for the tilt.

4.2.14 ESTIMATION OF THE CENTRE AND
CORNER COORDINATES OF LISS-III AND
PAN SCENES :

From the ephemeris information, it is possible to com-
pute geographical coordinates of the LISS-III scene
centres which lie on the ground track. However, thisis
not the case with PAN scene centers as they lie on
either side of the ground track. The time of occurence
of any PAN scene center or any comer coordinate, is
obtained by usingthe  information, that the scanning
is done line by line at an interval of integration time of
the respective cameras. Taking LISS-III scene center

as the origin, the coordinates of any point is estab-
lished in terms of lines and pixels.

In figure 4.2.14.1, let al be a point on the ground track
with coordinates (¢, A, ). Let P be a comer point of a

Figured4.2.14.1 Calculations of co-ordinates
of point P on the earth surface

scene. The coordinates of P, say, (¢, A,) canbe cal-
culated as follows. ’

Sin ¢, = Cos6 Sing, + Sin6 Cos¢, Cosa - (1)

Where a = 2n=§ £ =/2
and 0,9, ¢, and C are the angles
asshowninFigure4.2.14.1.

Cos © = Sin¢, Sing, + Cos¢, Cosd, CosA - (2)
Where A is longitudinal difference of A, from
A, 1s the angle subtended by arcalP
(Fig. 4.2.6) at the centre of the Earth.

Using equation (2), the expression for'Cos A' canbe
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derived as

CosA = CosO- Sing Sinp _ (3)
Cos¢, Coso,

Appropriate signisused to denote ‘ A “ depending on
whether the point P (¢, 2, ) is east or west of point a,

@, 2)
The longitude A, is, therefore obtained as
A=A t A 4)

Thus, the geographical coordinates of any required point
can be obtained either for a corner or the centre of
the scene.

4.2.15. DEVIATIONS OF ORBIT AND
ATTITUDE PARAMETERS AND ITS EFFECT
ON THE IMAGE

The referencing scheme has been generated for the ref-
erence orbit, under ideal conditions. In practice, or-
bital parameters vary from the reference orbit due to
perturbations. Similarly, dueto internaland ~ external
torques acting on the satellite, its attitude slowly drifts.
Both orbit and attitude parameters are controlled within
certain limits, by the attitude and orbit control system.

These perturbations cause the scenes to slightly devi-
ate from the nominally predicted locations. Itis, there-
fore, necessary for users to understand the deviations,
to see how best they can use the successive images of
aspecific scene, for registering, overlaying and for com-
parison. In this section, a brief summary of the image
deviations is given.

Orbit Perturbations :

In order to maintain the required coverage pattern and
local time, it is essential that the defined sun-synchro-
nous orbit be maintained throughout the operational life
time of the satellite. Even after the launch vehicle

injection errors are removed, the perturbations to the
orbit, orbit determination and orbit adjust system un-
certainties, cause deviations from the ideal sun-synchro-
nous orbit. Hence, orbital parameters have to be
controlled near to the ideal orbit within the tolerance
specified. The main perturbations are due to atmo-
spheric drag, asphericity of the Earth and to some ex-
tentby lunisolar gravitational attraction. Deviations
caused by these are corrected by periodic orbit adjust
operations. The effect of the deviations within the lim-
its of these corrections are discussed in subsequent
sections.

Atmospheric Drag :

Though the atmospheric density issmall atan  alti-
tude of about 800 Kms., the effect of atmospheric drag
cannot be neglected, as it causes gradual loss of alti-
tude continuously, if the orbit decay isnot controlled.
Due to altitude decay, the time period of the orbit
changes which affects the ground track pattern and
therefore, coverage pattern. It is planned to control
the ground track pattern within + 8 Kms. w. r. t. the
nominal pattern. This would be achieved by suitably
controlling the altitude, within appropriate limits. Peri-
odicity of altitude corrections depends on the decay
rate.

Asphericity of the Earth :

Asphericity of the earth has two major effects,
namely ;

i. Eccentricity varies in a sinusoidal fashion.

ii. Apsidal line, that is the line joining the perigee and
apogee points in the orbit, rotates in the orbital plane.
The period of this rotation for IRS-1D orbit is esti-
mated to be around 122 days. The mean eccentricity
of IRS-1D orbit over 150 days cycle is shown in figure
2.5.1. Due to the apsidal rotation the imaging from
IRS-1D will be realised at different altitudes depending
on the actual altitude at imaging time. Variation of alti-
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tude directly affects the swath resolution scene size,
sidelap, overlap and also causes scale variations of the
image (Figure 4.2.15.1.) for a given camera system.

Due to the eccentricity altitude variations over the In-
dian region would be within about 90 Kms. Equator
is taken as the reference for framing the scenes, while

Figure4.2.15.1 Scale variation of image
with altitude

generating the referencing scheme. Equatorisalsobeing
taken as reference during the actual operations and the
descending node point is determined, based on the cur-
rent ephemeris. Hence, the along track error due to
eccentricity is negligible at this point. Taking this point
as reference, the other LISS-III scene centres are
marked on a given path, at cross over of latitudes de-
fined for various rows.

However, the time difference and the number of lines
between any two centres along the path varies due to
the eccentricity of the IRS-1D orbit.

Luni-Solar Gravitational Attraction and Solar

Radiation Pressure :

Additional perturbations to the orbit are examined here.
This includes luni-solar gravitational attraction
and solar radiation pressure. For IRS, the solar radia-
tion pressure has negligible effects, whereas, luni-solar
gravitational attaction causes secular variation of about
0.038 degree per year in inclination apart from peri-
odic perturbations. Variations in the inclination,
affects ground track pattern as well as local time. Since
the variations are secular, compensation can be done
easily. The nominal value of inclination for exact sun
synchronism of IRS-1D orbit is 98.53 degrees. The
orbit inclination achieved at the beginning of life is 98.62
degrees i. €., an inclination bias of about + 0.09 de-
grees is provided so that the mean local time at de-
scending node builds up to 10:46 over atime duration
of about 2.4 years and then the mean local time drifts
back to 10:30 at the end of 4.8 years, as shown in
figure 4.2.15.2.

Figure 4.2.15.2 Local time control by
inclination corrections
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4.2.16. ORBIT DETERMINATION AND 4.2.17. DEVIATIONS OF ATTITUDE
PREDICTION ERRORS PARAMETERS

It is rather difficult to model accurately all the perturb-
ing forces, to represent the true motion of the satellite.
When orbit predictions are carried out, the trajectory
deviates from the true trajectory and the deviation builds
up continuously. Therefore, periodic orbit determina-
tions would be carried out, using tracking observations
of the satellite (like range, range rate, etc.). Since, both
dynamic model and observations, are imperfect and
there are many observations, than the number of pa-
rameters to be determined, this is an over determined
system and therefore, orbit determination would be
carried out using an estimation technique, in the statisti-
cal sense. The positional accuracy of the definitive
orbit would be around 400 m (3 sigma) and after one
day prediction, the positional accuracy will be around
1 Km. (3 sigma) for IRS. For browse products gen-
eration, one day predicted ephemeris and for standard
products, definitive orbital ephemeris would be used.
The image location accuracies in each of these prod-
ucts, are affected by the accuracies cited above.

To align the payload cameras along the nadir line
continusouly, IRS has been configured for 3 axes
stabilised mode of attitude, which is achieved through
a set of attitude sensors and control hardware. Con-
trolling is necessary because of environmental and
internal torques, which affect the attitude stabilisation
continuously. Duetothe presence of various errors
in attitude sensing and controlling, the attitude would
be controlled upto 0.15 degrees in pitch and roll and
0.2 degrees in yaw. The effect of pitch, roll and yaw
on the image is shown in Figure 4.2.17.1. The pitch
error shifts the scene in the along track direction,
whereas, roll error shifts the scene in the across-track
direction. Dueto yaw error, the scene is rotated through
the same angle about the nominal scene centre.

The earth sensors and gyro based attitude determina-
tion accuracy is better than the controlling accuracy and
would be + 0.07 degrees in pitch and roll and + 0.1
degree in yaw. The deviations of scenes from the

ICTURE

P

- i g |
i L L

Figure 4.2.17.1. Effect of attitude errors on image
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nominal, depends only on the controlling accuracies.
Determined attitude information is used to correct the
image and for annotation.

The star sensor based attitude determination accu-
racy will be better than the earth sensor based attitude.
The improved attitude information from star sensor will
be used in the operational level-0 system for IRS-1D.

Across Track deviations of the Image :

Across track deviations of the image essentially de-
pends on ground track pattern deviations, the accu-
racy of information on ground track, roll and yaw er-
rors, etc. Taking into account the uncertainties in orbit
determination and orbit adjust system, the ground track
pattern would be controlled within + 8 Kms. about the
nominal pattern. Itis clear that the above implies a
reduction in effective window, to account for orbit de-
termination and orbit adjust system uncertainties. Roll
error of 0.15 degrees causes across track deviations
of about 2.1 Kms. and yaw error of 0.2 degrees would
cause 0.35 Kms. across track deviations under the
worst case. The Root Sum Square (RSS) of all these
deviations, is about + 8.3 Kms.

Along track deviations of the Image :

The along track deviations of the image are due to ec-
centricity, orbit determination/prediction accuracy, the
shape of the earth and attitude control accuracy. Ve-
locity variations due to eccentricity, are circumvented
by utilizing satellite ephemeris. Pitch errorof0.15 de-
grees would cause 2.1 Kms. along track deviation, at
the worst case. The component of yaw error intro-
duces 0.3 Kms. If one day predicted ephemeris is
used for browse products, which have positional infor-
mation to the accuracy of about + 2 Kms., the along
track deviation is about 3 Kms. (RSS). If refined
ephemeris is used for Browse products, the orbital
position accuracy being 400 metres, the overall along
track deviation is about 2.2 Kms.

This deviation is reduced by following an appropriate
framing procedure during actual operations. How-
ever, the across track deviation within + 8.3 Kms. can-
not be reduced by any such procedures as it is a de-
rivative of all the system components  involved.

4.2.18. IMAGE FRAMING DURING ACTUAL
OPERATION

In the earlier section, the deviations of the actual scenes
with respect to nominal scenes have been de-
scribed. For mosaic generation, user may have to use
scenes obtained in different coverage cycles. With
such large deviations, it was found that mosaic forma-
tion may be difficult, and also the user may have to
order several scenes to get the required area informa-
tion. During the process of evolvement, it was found
that it is difficult to reduce the across track deviations,
whereas, with an appropriate  procedure for image
framing, there is a possibility of reducing the along track
deviations. Therefore, it was decided to adopt this
method during actual operations. It may be noted,
that, image deviation means the distance between the
centre of the actual scene obtained and the centre of
the corresponding scene defined in the path-row refer-
encing scheme. This should be distinguished from the
locational accuracy determined by the orbit and atti-
tude information.

The following framing procedure is being adopted :

i Alltherelevant row latitudes as defined in the
referencing scheme should be stored.

. Thesamerow latitudes for actual scenes is ac-
complished by interpolating the time for a given
row latitude along the path for LISS-IIT and PAN
payloads.

ii.  All the LISS-III scene centres along the path
should be marked by following the above
procedure.
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. The LISS-III scenes about the above scene
centres, should be constructed by taking 3,000
lines above and below these points along the
path. The end and beginning of each LISS-III
scene along the path, should be marked.

v.  WIFS and PAN scenes are then framed in and
on LISS-III scenes, by adopting the same
procedure, which is used while generating the
referencing scheme.

The main advantage of the above procedure is that,
major portion of along track deviation, with respect to
the nominal scenes, get reduced. However, the dis-
tance between any two scene centres in terms of num-
ber of lines may not always be 5,703 lines and also the
overlap between scenes may not be 297 lines. There
will be small variations in them. Thus, the final devia-
tions are :

along track + 3.0 Kms.
across track + 8.3 Kms.

4.2.19. IMPACT OF THE DEVIATIONS ON
OVERLAP AND SIDELAP DURING
OPERATIONAL LIFE TIME

While framing the images for the referencing scheme,
adequate overlap (along track) and sidelap (across
track), are provided to aid the users to form a mosaic
for a particular area or the complete Indian region.
Within a coverage cycle of 25 days, the impact of de-
viations is negligible and if the quality of all the images
are good, then, it is possible to create a mosaic. How-
ever, in actual practice, quality of all the images may
not be good due to the presence of cloud or some other
reasons. Therefore,itis  mnecessary to take images
of different coverage cycles to generate the mosaic. In
ideal situations, overlap or sidelap between adjacent
images will exist. However, in actual practice, the
deviation mentioned in the earlier sections will affect
sidelap/overlap between images of one cycle and cor-
responding  images of any other cycle, during the

operational lifetime of the satellite. For example, a
scene of cycle N1 corresponding to path and row of
P1 and R1, has a prescribed amount of overlap with
respect to a scene of the same cycle corresponding to
path and row of P1, R1 + 1. However, it may not
have the same amount of overlap, due to deviation, with
a scene of cycle N2 corresponding to path and row of
P1,R1+1. Similaris the situation for sidelap.

Overlap or sidelap varies due to the deviations men-
tioned in the earlier section and due to scale variation
of the image, because of variation in the altitude. How-
ever, scale variation affects only sidelap but not over-
lap, as scanniang is accomplished line by line, along the
track.

Qverlap Variation :

The nominal overlap provided between any two LISS-
IMI scenes (minimum) is about 8 Kms. The maximum
deviation (along the track) is of the order of + 5 Kms.
with the new framing procedure. Due to this, the dis-
tance between two scenes of different cycles, will be
different.

Sidelap Variation::

Sidelap is the common area between two adjacent
scenes, of any two consecutive paths. However, sidelap
between scenes of two consecutive paths of different
cycles, is affected by acorss track deviations and
scale variations. The nominal sidelap  increases
from equator to northern latitudes. Table4.2.12.4.
shows sidelap variations as a function of altitude and
latitude. The across track deviation would be of the
order of + 8.3 Kms. near the equator. Therefore,
the two adjacent scenes of different cycles can be near
by or away, by twice this amount.




DocumentNo. : IRS-1D/NRSA/NDC/HB-09/97

Revision No. . 1
IRS-1D DATA USERS' HANDBOOK  po ' Decerberl097
Page No. 90

Table4.2.19.1. Sidelap variation (Typical) with respect to Altitude and Latitude
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4.3 DATA PRODUCTS

4.3.1.INTRODUCTION

Dataproducts from the various sensors of IRS-1Dare
oftwo types:

- Standard
- Special

Standard products are generated afterapplying radio-
metric and geometric corrections. Special products
are generated after further processing the standard
products.

The raw data recorded at the earth station is
corrected to various levels of processing at the Data
Processing System (DPS). Standard products can be
supplied on either photographic or digital media. Black
and White (B/W)and False Colour Composite (FCC)
photographic products, will be availablein the form of
films or paper prints. Digital products will be supplied
onvariousmagneticmediathatare currentlypopular,
viz., Computer Compatible Tape(CCT), 8mm Exabyte
tape and CD-ROM.

4.3.2 CORRECTIONS APPLIED TO RAW
DATA

Raw data suffers from both geometric and
radiometric distortions which haveto be corrected. The
various corrections applied are as follows :

diometri rrections

Radiometric distortions arise due to the following fac-
tors:

i  Non-uniformresponse ofthe detectors and
detectorelements

i. Specificdetectorelement failure

ii  Datalossesduringcommunicationor
archival/retrieval

iv. Narrowdynamicrange;
v. Imagetoimage variations.

A radiometric correction Look-Up-Table (LUT), is
prepared fornormalising theresponsesofall ~ detector
elements, withrespect to adesired commonresponse.
The least saturation radiance value realised over the
whole array, after disregarding extreme behaviour of
one or two detectors, ifany, is used as the reference.
The same value can be used for conversion of
radiometrically corrected Digital Number(DN) values
back to absolute units, by the users of the data products
. Thiscanbe done using the ground calibration data for
all detectors.

The correction formajor frame synchronization losses
(scanline losses), is done using appropriate average of
the neighbouring pixel values. Ifdatalosses occurin
morethan two consecutive scanlines, they are replaced
by a line consisting of all dark (minimum DN value)
pixels. The failed detector pixel values (if any), are
replaced with the average of the adjacent pixels on the
samescanline.
eometric Corrections

Geometric distortions arising due to the following rea-
sons are corrected :

i Scenerelated
- earthrotation effect
- earthshape(geoid) induced distortions

i.  Sensorrelated
- sensor focal plane detector geometry
- alignmentofoptical axis withrespect to
spacecraft attitude reference
- multi-band and multi-array misregistration
- off-nadirpointing (for PAN) induced
distortions
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iii. Spacecraftrelated
- image orientation withrespect to spacecraft
heading
- altitude and velocity variations, affecting image
scale
- attitude variations inroll, pitchand yaw
directions

iv. Measurement/Calibration Errors

- estimationofspacecraft state vectors

- attitude and pointing angles measurement

- attitudechangerate measurements

- calibration of various alignment anglesinvolved

- synchronization ofon-board and ground
receptiontimes

Geometric corrections use updated scene comners,
orbit and attitude parameters, derived using swath
modelling, which isa pass processing approach usinga
few Ground Control Points (GCP), spread over the
pass.

Geometric corrections are performed through a dy-
namicmodel, whichrepresentstheimaging geometry.
Through this model, an image to ground mapping is
achieved, whichis a function of payload parameters,
satelliteorientation, etc.,. Thisinturnconsists ofaseries
oftransformations, fromone  co-ordinate system to
another.

A grid of input co-ordinates (scanline, pixel) on the
radiometrically corrected image, are selected and the
corresponding output co-ordinates (lat,long) are calcu-
lated forall the grid points. Foranuserareagiveninthe
output space, a grid 1s defined and the input co-ordi-
nates for these grid points are obtained through interpo-
lation from the earlier computed points. The input co-
ordinates for theintermediate points of output space are
obtained by another interpolation, now in the output
spaceonly. Thegrey values forall the outputpoints are
obtained by resampling the inputimage.

Map projectionand theimage orientation (for geocoded
products) are incorporated at the time of fixing the
outputgrid. Finally, the datais formatted for generating
the photographic or digital products, in the required
format.

Thephotographic annotation format ofall standard and
special products are the same.

Fordetails regarding the annotation format forall the
types of productsrefersection4.4.

4.3.3 STANDARD PRODUCTS

The various kinds of Standard products that will be
supplied are as follows :

.. Path/Rowproducts

. Shift Along Track products

ii. Quadrant products

iv. Basic Stereo products

v.  Geocoded products.

4.3.3.1 Path/Row Based Products

These products are generated based on the
referencing scheme of each sensor. The user has to

specify the following.
.. Path/Rownumberas per referencing
scheme

i..  Sensorldentification

. Subsceneldentification (for PAN)

iv. DateofPass

v.  Bandnumber for B/W products,
band combination for FCC products

vi. Product Code

System Inputs:
1 Videodata,linecount, ground reception
time and attitude change rates for
LISS-III/PAN scanline




IRS-1D DATA USERS' HANDBOOK

Document No. IRS-1D/NRSA/NDC/HB-09/97

Revision No. O |
Date :  December 1997
Page No. : 93

=5

Ancillary datainDisk files

ii. Radiometriccalibration LUT file

Mission specific constants from Parameter

file

v. Jobidentification code (specifyingrequest
id, product sequence number)

vi. Productpriority.

2

The SWIR band of LISS-III has a different
resolution, hence, products whichinclude SWIR band
aremadeavailable in visibleresolution.

In the case of PAN, a full scene is generated by
mosaicing the data collected by the three arrays . The
inputs tobespecified are path, row and sensoras A, B,
Cor D

4.3.3.2 Shift Along Track Products

[fauser's areaof interestis less than the dimensions of
afull scene and fallsin between two successiverows of
the samepath, thenthe data can be suppliedby sliding
the scene in the forward (along the path) direction.
These are called Shift Along Track (SAT) products.
This way, the required area can be accomodated ina
single product.

Inthe case of SAT products  the percentage of shift has
tobespecified, in addition totheinputs specifiedby the
user for Path/Row based products. The percentage of
shiftalongthe path hasto be specified between 10%to
90 %, in multiples of 10%. Figure 4.3.3.2 depicts the
concept ofascene which has been shifted along track.

4.3.3.3Quadrant Products

Inthecase of LISS-III, the full sceneis divided into four
nominaland eight derived quadrants (Figure4.3.3.3.1).
Asseen fromthe figure, Quadrant numbers 1,2,3,4
arenominal quadrants. The remainingeightquadrants

‘¢ PathP
Row M+1

o LISS-Ii Pathlrow
* based scene

= = SAT scene

Figlire 4.3.3.2 Concept of SAT scene

are obtained by sliding quadrants 1,2,3 and 4 by 25%,
along and across the scene, within the path. LISS-III
quadrantproducts are generated on 1:125,000 scale.

Row M
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Theadvantage of LISS-III quadrant,isthe ~ avail-  4.3.3.4 Stereo Products

ability of photographic product on ahigherscale, i.e.,
1:125,000 and also because it can be compared with
IRS1A/1B LISS-II products of the same scale, for
temporal /changedetection studies.

Quadrant products are supplied from the LISS-III
sensorinthe visible band resolution, for visible and near
nearinfra-red bandsonly. Quadrant productsare not
available in SWIR band resolution. While placing a
request for these products, the usersneed to specify the
quadrantnumber, inaddition to the detailsspecified in
the case of Path/Row based products.

In the case of PAN, the full scene is divided into four
quadrants as shown in Figure 4.3.3.3.2. Here, each
quadrantcorrespondsto oneandahalf arraydata. The
scale of the 960mm master film will be 1:125,000.
Photographic products will be supplied as 960 mm
paperprints,on 1:125,000 scale.

The oblique viewing capability of PAN sensorcan be
used to acquire stereopairs. A stereo pair comprises of
twoimages ofthe same area, acquired on different dates
and fromdifferent angles.

One of the parameters from which the quality of a
stereopair canbe judged, is the Base/Height (B/H)
ratio, B/Hratiois theratio of the distance between two
satellite passes and the satellite altitude (Figure
43.3.4).

Path P

—— LIS scene
—— PAN Full scene.
- e PAN Q‘.éad’{eﬁl__ .

s1

 'S1.8 52 >SATELLITE POSITIONS

B-:BASE

- H-HEIGHT

Figure4.3.3.3.2 PAN Quadrants

Figure 4.3.3.4 Concept of stereopairs

Stereo products are available from the PAN sensor
only. Theinputrequired in addition to Path/Row details,
is B/H ratio. Two scenes selected on two different
dates, satsifying the user’s B/Hratio are suppliedasa
stereopair. These areavailable as B/W photographic
and digital products. Photographic products are avail-
able on 1:250,000 scale (approx.).

Stereo products are supplied with only radiometric
correction. Stereopairs are widely used in photo inter-
pretation forreliefperceptionandalsoin  photogram-
metric studies forderiving DTM models.
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4.3.3.5 Geocoded Products

Geocoding corrects the imagery to a source
independent format, whereby multidate and multi-satel-
lite data can be handled with ease. Geocoded products
are generated after applyingradiometricand geometric
corrections, orienting theimage to truenorthand gener-
ating the products with an outputresolution, appropriate
to themap scale. The advantage ofa geocoded product
is that it can be overlaid on a Survey of India (SOI)
toposheet map.

Geocoded products are generated based upon the SOI
toposheets, for PAN on 1:25,000 scale and for LISS-
I on 1:50,000 scale. The inputs required to be speci-
fied by the user, in addition to those provided in case of
Path/Row based products, is the SOI toposheet num-
ber. Table 4.3.3.5 gives the details of geocoded
products.

In the case of PAN, whena 7 1/2'x 7 1/2' toposheet
falls in more than one subscene, amosaic ismade. In
case, the toposheet falls in between two paths, no

mosaicwillbemade, instead, itissupplied withzerofills.
The scalesofthe LISS-III and PAN geocoded master
filmsare 1:250,000and 1:125,000 respectively.
Byenlargingthe film 5 times photographically, 1:50,000
and 1:25,000 scale products for LISS-III and PAN
respectively, are generated. In order to account for
the locationinaccuracy, extraarea corresponding to 2
1/2'isprovided in LISS-III geocoded productand 1/
2'extraareaincase of PAN geocoded products. In
total, a LISS-III geocoded product covers an area of
17 1/2' x 17 1/2' and a PAN geocoded product
covers an areaof 8'x 8'. The location accuracy of
geocoded products is the same as that of Standard
products.

In addition to the mapsheet based geocoded
products, PAN 5' x 5' geocoded products is also
supplied. Here, an areacorresponding to 5'x 5' within
asceneisextracted around auser specified pointand
alignedto true North after applying standard correc-
tions. The inputsto be specified by the user
are latitude/longitude of the point around
which the 5'x 5' data is required, in addition to the

invisiblebandresolution

. ewmio

~ PAN Geocoded pro

e e e o L
ProductType ~ Area  Resolution Scale
LISS}II_Igeéicod'édzﬁfddmis' 15‘x15‘125m .=’1;50;-0:00
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detailsasinthe caseof Path/Rowbased products. The  scenes are:

main advantage of this product over the mapsheet
based geocoded products, is that it is on 1:12,500
scale.

4.3.4 SPECIAL PRODUCTS

Value added products are generated after further
processing standard products, by extractingaspecific
area, mosaicing, merging and enhancing the data. These
products are generated as per user requirement. In
addition to the above, the following  products are
planned to be supplied :

i PAN+LISS-III Merged products
i.  Orthoimage

4.3.4.1. PAN + LISS-III Merged Products

Inorderto exploitthe dual advantage of the spectral

resolution of LISS-III and the spatial resolution of
PAN, 1t1s planned to supply PAN+LISS-III merged
products in PAN resolution. The criteria that will be
considered while selecting the PAN and LISS-III

1 PANtiltisnearnadirand the scene fitsintoa
LISS-III scene.

i. Day of passis not separated by more than a few
days.

Theseproducts will supplied on 1:25,000(71/2'X 71/
2'mapsheet based product) and 1:12,500  (floating
geocoded product with an area coverage of 5' X 5')
scale as FCC products.

4.3.4.2 Orthoimage

Oneoftheimportant special products from IRS-1C/1D
data is the Orthoimage generated from PAN stereo
pairs. In the case of LISS-III, orthoimages can be
generated using the DEM provided by the user and on
the availability of atleat four GCPs. The product is
corrected forall types of errors present in the raw data
mcludingdistortionsduetoterrainreliefand cameratilt,
These products are made available on photographic
and digital media. The scale of the photographic product
is 1:50,000 and 1:25,000 for LISS-III and PAN re-
spectively.




IRS-1D DATA USERS' HANDBOOK

DocumentNo. IRS-1D/NRSA/NDC/HB-09/97

Revision No. - 1
Date : December 1997
Page No. : 97

44 PHOTOGRAPHIC PRODUCTS

As mentioned in the earlier section, photographic
products are available as:

B/W and FCC films
Paper prints

Masters of most of the photographic products are
240mm films. Figure 4.4.1 gives the layout of
photographic products.

In this section, we will be discussing the image anno-
tation of each of the photoproducts. It is very essen-
tial to know the annotation format of every product,
since it gives information about the scene.

The geocoded product annotation format is nearly the
same as that of the standard products, since, most of
the geocoded products are supplied as a single prod-
uct.

The annotation format has two lines on the top of the
image data and one annotation line, at the bottom of
the data (Figure 4.4.2).

The first line of annotation at the top gives details of
the satellite, the type of product i.e., if the scene 1s
fixed or shift along track , details of area cov-
ered i.e., Full/Quad/Geo, indication whether the data
is OBTR data,band numbers,Gain settings, details
about the product whether it is Path based, topoheet
number, details regarding the projection i.e., POL
(other options being SOM/LCC/UTM) and the
resampling technique used i.e., CC/NN.

The second line of the annotation at the top gives
details regarding the date of acquisition with time,
path/row details, sensor, subscene details,
quadrant number (the other optiofl being  percentage
of shift), look angle information, the corrected scene
centre and information on the Sun Elevation and Azi-
muth in degrees.

The annotation line at the bottom of the image data
gives details regarding the generation-ID, date of gen-
eration with-time,the type of enhancement used i.e.
HLUT/ CLUT/ EQLUT, details about which DPS
generated the product, place of generation, details
regarding the DPSUSAGE and the information about
the product generation agency. This annotation line is
for internal use only.

A list of IRS-1C/1D photographic products is given
in Table 4.4.1.

A few sample photographic images , extracted from
the standard data products are shown in the next few
pages. (Fig. Nos 4.4.3 to 4.4.13) .The sample im-
ages are not to scale.
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Figure4.4.1 Layout of photographié products




JEULIOJ UOnEjoOuuyY 7'p'p 24nsig

IRS-1D/NRSA/NDC/HB-09/97

Document No.

December 1997
99

Revision No.

Date

IRS-1D DATA USERS' HANDBOOK

Page No.

ANIDS INO NVHL THOW SI TITHL 48VO NI
(dO1) £ YAGIWNN INIT NOLLY.LONNY SV QH.LVAdTd 46 TTM (d0.1) T FEENN INIT NOLLY LONNY

(:82@) HLOWIZY NV NOLLVAH T3 NS H
ADNIOV NOLLYYANIO Y.LV ) (oag-wA-8a) SALYNIAHO0D HONOTLLYT TULNID ANTOS A LITIA0D D
ATNO ASOANd TVNIALNI 404 1 SIHL1DVSNSda Jd STTIOAA NI TTONY HOU'T 4
NOLLVAANGD 10 40V'1d q (LATHS 40 AOV.LNIDEH SI NOILIO YTHLO) 38NN INVIAVID q
ALYAANAD SYM LINAOUd FHL HOIHM LY Sdd a (SLONAO™d NVd 10 ASVO NI T1EVII'1ddY) §T1IV.LIA INADSENS a
(LNTOFLOTH/LOTO 9V NOILJO dAHLO) LNIFWIINVHNE D (ST MO I ANV NVd 90 Nd, ST NOLLIO JTHLO) STIV.LIA JOSNAS D
NOLLVYINED 40 d1vd 4 STV.LIA MOY-HLVd g
dl” NOLLVEANED b4 TWLL HLIM NOLLISINOOV 40 4Lvd ¥

SAAOD SAAOD

9 i q a ) a ¥ H o 4 2 R 5] q ¥

mmm.z‘é&mu HOVSNSdd aveaviEdAH I'8dd  LOTON  0LOVTZe661-AVIN-TITNO J0dd SPETILX _ — PIV-06H  SEOCTLAMI-0E-STNA  QESIHVT indoy  §1 sz0dold o_“cmd_\omxm,q.o__
(WOLLO®) F HHAWAN HNIT NOLLYIONNYV (dOL) HEIIWNN T ANI'T  NOLLVLONNY
ONITINVSIYE 40 FdAL b |
(D TSIUWLWOS THV SNOLLIO ¥THLO) NOLLOATOUd 40 HdAL r
NOLLYTOSHY ATEISIA NI QAITdd(1s 9V §1oNA0dd 3SVO NI NNVIE L4d7T 8 TTIM SIHL 1
AIAWNN JAFHSIVIN/AISYE

INIOd/WIA/ADYWIOH IO EONINAE/DLATdRILOTIALSAZ/ I UIVAOANALS AV SNOLLIO HAHLO H
SONLLLAS NIVH 5}
12NA0dd NVd A0 4SVD NI MINVIE 98 T1IM STIV.LAA d3EWNNN ANVE £l
1o0g0¥d Y180 ¥ LON SI IONAOud HHL 41 NNVIE L4341 38 THM FOVdS SIHL q
OIOVIANKAYND TV SNOILJO ¥HHLO a
LYOTId S1 NOLLIO dTHLO D
(NIA/OTHALS/AAOYAW/ATAOIOAD YV SNOLLIO YTHLO) FdAL LONAOUL g
ar ALITTLLYS v

SHAOD

A [ i H 2 E! H a ] d v

20 “Iod N FIOSTY QASVEHLYd SNIVD SANVE YLHO 1T dEXId aLS O1-Sdl

(do1) 1 SAGWNAN ANI'T NOILV.IONNV




IRS-1D DATA USERS' HANDBOOK

DocumentNo.

Revision No.
Date

Page No.

IRS-1D/NRSA/NDC/HB-09/97
1
December 1997

100

case ofSAT
:‘.j.'_’ p‘mducts . m:;: .

%o  (subs
-~ shift Mthe‘ =
- CaSEOfSATf_;-W

::;,'{Path Row, f"f S

B/medﬂcisii:; 1

Table4.4.1 IRS-1D photographic products
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Figure 4.4.4 LISS-I1T image showing parts of Saudi Arabia
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Figure 4.4..5 LISS-III image showing parts of Shiwalik hills (B4=Red, B3=Green, B2=Blue)
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Figure 4.4.6 LISS-III image showing Dubai city and its surroundings
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Figure 4.4.7 LISS-III image showing Rome airport and its surroundings -
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Figure 4.4.8 LISS-III image showing parts of IRAN. Circular patches in red colour- are areas
irrigated with sprinklers '
f
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Figure 4.4.9 WiFS image showing parts of Sundarbans in the east coast of India
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Figure 4.4.10 WiFS image showing parts of Gujarat in the west coast of India
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Figure 4.4.11 PAN+LISS-IIT merged image showing parts of Bangalore City
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Figure 4.4.12 PAN+LISS-1II merged image showing parts of Mumbai City
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4.5 DIGITAL DATA PRODUCTS

4.5.1INTRODUCTION

The data forall the sensors of IRS-1C/1D are supplied
on digital media like Computer Compatible Tapes
(CCTs), CD-ROMs, Cartridges and 8mm Exabyte
tapes, based on userrequest. The file ~ formats and
structures in User CCT (UCCT) are the same for all
levels of processing. The two formats in which digital
data are supplied on are Fast formatand LGSOWG
Superstructure format. Alldigital datainsuperstructure
formatare provided in BIL or BSQ modes. However,
in Fast format, datais suppliedin BSQ format only.

4.5.2 COMPUTERCOMPATIBLE TAPES

CCTs are supplied with 6250 BPI density. Data on
CCTsaresupplied inthe following formats::

4.5.2.1 Fast Format

There are two files in the UCCT for Fast Format -
header file and image file.

Header file
Thisis the first file on each volume and contains header

datain ASCII format. It containsmap  projection,
resampling options and tick mark  locations.

Image file
Allimage filescontainonly videodata. Thereisno prefix

and suffix data withtheindividualimage record.
4.5.2.2 LGSOWG Format

InLGSOWG format, in additionto the video data fora
scene, each product contains sceneidentification, loca-
tioninformation, sensor, platform and processing re-
lated information. In the LGSOWG format,

thereare 5 filesnamely :

* Volumedirectory file
* Leader file

* Image data file

* Trailer file

* Null Volume file

Structure ofthese filesis givenin Table4.5.2.1.

Logical volume

Alogical volumeis alogical collection of one or more
files,recorded consecutively. A logical volume con-
tains one or more band data of a scene.

Alllogical volumes have a volumedirectory asthe first
fileand concludes withanull volume directory. Whena
logical volumeis split between physical volumes, the
volume directory is repeated in the continuation tape.
Alllogical volumes conclude with anull volume direc-

tory.
Yolume Directory

Thevolumedirectory fileisthe first fileofevery logical
volume. Itiscomposed of volume descriptorrecord,
a series of file pointer records and a text record. The
volumedescriptor record identifies the logical volume
andthenumberoffilesthatit contains. A textrecord
followsthe volume descriptorrecord and identifies the
data contained in the logical volumeé. Thereisa file
pointerrecord foreach type of datain the logical volume
which indicates each file class, format and attributes.

Leader File

Theleader fileis composed of a file descriptor record
and two types of data records. The data records are
header and ancillary. Headerrecord contains
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information related to mission, sensor, |
calibration coefficients and processing
parameters. Ancillary records contain
information pertaining to ephemeris,  at-
titude, map projection, GCPs for image cor-
rection and image location and anno-
tation.

Image file

Image fileconsists of file descriptorrecord and
actualimage record. Image data contains |

actual video data in BIL format (or) BSQ e

format. Inadditionto theimageorvideodata,
italsocontainspixel counts, scan lineidentifi- = =
cation, starting and ending ofactual datainthe |
line. |
Trailer file

The trailer file shows the calibrationdata file
and ancillary information file. Thisis com-
posedofafiledescriptorrecord andonetrailer |

record for each band.

Null volume directory file

The filewhichterminatesalogical volumeisnull |
volume directory file. The fileis  referred |
to as ‘NULL’, because it identifies a non

. 'fevemm’fiénzio add anomer
Iogloalvolmne =

existent logical volume. This fileconsists ofa :
volume descriptorrecord only.

453 DATA ON 525MB CARTRIDGE AND
SMMEXABYTE TAPES

With the availability of cartridge 8mm Exabyte tape
drives, data can be provided in a compact manner.
Specificationsofcartridgetapedrivesand 8mm Exabyte
tape drive are given in Tables 4.5.3.1 and 4.5.3.2.
These productsessentially follow the same formatsas
in the case of CCTs.

Table 4.5.2.1 Structure of files and records in UCCT

4.5.4 CD-ROM PRODUCTS

Compact Disks (CDs) have the advantage of being
compact, reliable, immune to magnetic fields, rugged
and cost effective, with high memory capacity and
random access.

 CD-ROM is a Write Once Read Many times (WROM)

device, with a memory of 650 MB. It can
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Table 4 5.3. 1 Speclﬁcatmns of 525 MB
Cartridge tape drive

be read on any system with a CD-ROM drive, in com-
pliance with the ISO 9660.

CD-ROM Logical description

A CD-ROM may contain a full scene, quadrant or
subscene. Apart from image (video) data, ancillary
data and format document are copied onto the “PROD-
UCT?” directory. The file CDINFO contains the
identification of the product and request number. A
general purpose display program (DISPLAY .EXE) is
also available on each CD-ROM, which will display
B/W data, only on a EVGA monitor.

Format of products on CD :

Data is supplied in two formats namely LGSOWG and
Fast format. The contents of the filesare exactly the
same as thatona CCT.

File naming convention :

LGSOWG format

1. VOLUME.PAN/L3/WIF ---- Volume directory
file

2. LEADER.PAN/L3/WIF --- Leader file

3. IMAGERY .PAN/L3/WIF ---Imagery file

~: ' 8mmExabytetape
:  Helicalscanwith

' %Rcadaﬁerwnte
. Digitalwitherror
"'correcnngcode
S SGH - =
s mll_honblts!sq mch
o orens
;- 1800RPM -

- 2omE
- IéO'UOGHrsf ‘
s ;:30mts - =
s omsowy,

Table 4.5.3.2 Specifications of 8mm Exabyte
tapedrive

4. TRAILER.PAN/L3/WIF --- Trailer file
5. NULL.PAN/L3/WIF --- Null volume file

Fast format

1. HEADER PAN/L3/WIF --- Header file
2. BANDx.PAN/L3/WIF - Imagery file of x where
x=1,2,340r5

How to mount the CD ?

The following are a few procedures to mount the CD,
depending on the operating system.

MS-D IBMP uivalent

There is no need to mount the CD. The CD can be
directly accessed by CD reader.

MA TOSH system 7.x

The Apple CD drive and its extensions are needed.
The CD s directly accessed by CD reader.
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UNIX system, as root

1. Create a specific directory to access the CD (ex :
mkdir cdrom)

2. Access the CD using the following commands:

mount -rt hsfs/dev/sm/
CDROM (n=0,1 etc)

For UNIX BSD 4.3

For UNIX system 5  mount -rt cdfs <CDROM
drive unit>CDROM
For DEC UNIX mount -1 -t cdfs - 0
novertion /dev/rz.../cdrom
For IBM Aix 3.2 mount <cdrom drive
name>/cdrom
For SGIIRIX-5.3 Directly accessible

For SOLARIS-5.3  Directly accessible

VMS 5.5 ems (VAX). asroot

1.To mount CDROM,: CD_MOUNT OVER=ID
<CD ROM Drive unit no.> MEDIA=CD-ROM.
CD-ROM files can be accessed.

2.To dismount the CDROM :CD_DISMNT
<CD-ROM drive unit number>

VMS 6.0 Systems (VAX) as root

1.To mount CD-ROM : MOUT/OVER < CD-ROM
drive unit number=>

2.To dismount the CD-ROM : DISMOUNT
<CD-ROM drive unit number>
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Table4.5.5 Digital data products
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Type of
Product

~ Media

~ Physical

volumes

~ product

Standard P/R,

products

BasicStereo ; "}CCT A

@1x23km)

Shift along track .

Areacovemgé- -
TN Bmin)
812X 760(max)

s ‘Exabyte
= Tape ‘

BPI

62"50' '

- G‘almdge 525MB

'Tape =

“56m

S

' Tape

Tape

CD ROM GSOMB =

‘CD ROM 650MB =

S Eer

l‘zCarmdge 5251\/[13

~ BBSQ
o
- &Fast format

 LGSOWG

 format

- LGSOWG
. fomat

- ;_f'f‘_’m

. s
- fasows
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. ';;’f{iBn,/BSQ =
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- ,';Fastformat__

 BILBSQ
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| &Ratformat

~ BILBSQ
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=
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Table4.5.5 Digital data products(continued)




IRS-1D DATA USERS' HANDBOOK

DocumentNo.
Revision No.
Date

Page No.

IRS-1D/NRSA/NDC/HB-09/97
1

December 1997

119

Type of
Product

- Sensor

‘Media  Capacity

Format

~ Physical
" volumes

PANFull/

~ Shiftalongtrack

products

Afeacoverage
63 X 69 (min)

70X 71 (max)
(nadin

AN
Quadran ant

~ products
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PAN

Areacoverage
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 CDROMGSOMB
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Tape MB

Smm : 5GB
Exabyte
Tape
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e
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~ &Fast
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LGSOWG
format&
Fast format
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format&

Fastformat

LGSOWG
format&

Fast fo_rmat= -

 LGSOWG

format &

Fast format -
 LGSOWG
format&
Fast format
LGSOWG

Fastformat

112

LGSOWG Sy

~ &Fastformat

Table 4.5.5 Digital data products (continued)
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5.1 DATA DISTRIBUTION

IRS-1Chasestablishedits versatality,bothintheIndian =~ Users canobtain IRS-1C/1D) data from:

and international market, formappingand  moni- 1. NRSA Data Centre (NDC) or
toring natural resources and cultural features. The infor- 2. SpaceImaging - Earth Observation Satellite
mation required for obtaining IRS-1C/1D data prod- Company (SI-EOSAT)or

uctsand services, is provided in this section. 3. International Ground Stations (IGSs).
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5.2 DATA DISSEMINATION

NDC distributes IRS-1C and IRS-1D data products
pertaining to areas within the 5° elevation coverage of
Shadnagar earth station (henceforthreferred toasNRSA
IRS data), to Indian and foreign users. :

Users outside India, but within the 5° coverage of
Shadnagar earth station, may approach NDC.

Usersoutside the coverage of Shadnagar earth station,
can approach either SI-EOSAT or IGSs.

Figure5.2.1 givesthedetailsof IRS-1D data dissemi-
nation by various organisations.

Indian users who need data outside the 5° elevation
coverage of Shadnagar earth station can approach
NDC. These products will be supplied by
programming the satellites for data acquisitionusing
OBTR or by procuring the data from SI-EOSAT/IGSs.

5.2.1 NRSA DATA CENTRE

The NRSA Data Centre provides IRS-1Cand IRS-
1D dataproducts tousers. Themain functionsof NDC
arc:

* to provide information required for procure-
ment of satellite data products. This includes
the description/specifications of different
types of products, changes in product speci-
fications from time to time, price lists, reference
maps, accession catalogues, orbital calendars,
order forms etc.,.

* to provide assistance in the selection of appro-
priate data and checking the same for data quality
and cloud-cover, using browse facilities.

* to process orders and co-ordinate the generation
of products at different work centres within the
organisation.

* tocheck thequality ofthe final products before
despatching

* billingand accounts.

* topromote awareness of remote sensing through
publications, seminars, exhibitionsetc.,.

* handlingallpayload programming related
activities.

5.2.2 SPACEIMAGING-EARTH
OBSERVATIONSATELLITE

COMPANY (SI-EOSAT)

The SI-EOSAT, U.S.A., is involved in the
distribution of Landsat, IRS-1B and IRS-1C data
products. SI-EOSAT will acquire IRS-1D dataatits
ground station at Norman, Oklahoma, U.S.A. and
distribute the data worldwide.

SI-EOSAT's exclusive marketing territory consists of
theentire world outside the coverage areaof Shadnagar
earth station. The non-exclusiveterritory consists of the
coverage areaof Shadnagar earth station, except India.

5.2.3 INTERNATIONAL GROUNDSTATIONS

SI-EOSAT, with the help of ANTRIX Corporation
Limited, the commercial arm of Department of Space,
Government of India, has setup IGSs for receiving
IRS-1C/1Ddata. Apart from Norman, U.S.A.,IGSsat
Neustrelitz, Germany; Chung Li, Taiwan, and Bangkok,
Thailand arereceiving IRS-1C data. Thesestations will
be suitably upgraded toreceive IRS-1D dataalso. Few
more IGSs will be setup/upgraded to receive both
IRS-1Cand IRS-1D data. The IGSs willinteract with
SI-EOSAT for all their data requirements. For further
details of data ordering information, userscan contact
the following addresses:
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NRSA Data Centre Lanham, MD 20706
National Remote Sensing Agency US.A.
Balanagar, Hyderabad- 500037, India Fax : +1 301 552 3762 / 5476
Phone: 040-278560, 040-279572 to 77 Email : Http/www .eosat.com
FAX: 040-278664, 040-278158

or Figures 5.2.3.1 depicts the IRS-1C/1D ground
Customer Service Department stations and their coverage. Figures 5.2.3.2t05.2.3.4
SI-EOSAT depict some of the data received by the IGSs.
4300, Forbes Boulevard

IRS-1D DATA DISSE!

FOREIGN USERS
WITHIN SHADNAGAR
FOOTPRINT

SI-EOSAT/IGS

Figure 5.2.1 IRS-1D Data Dissemination
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Figure 5.2.3.3 LISS-III Merged image showing Muscat
R Y P R S sy a1 e e ———
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Figure 5.2.3.4 PAN + LISS-III merged image showing Abu Dhabi
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5.3 DATA ARCHIVAL AND AVAILABILITY

Raw dataacquired by NRSA from all the sensors will
bearchivedinthe form of HDTs and DLTs. Regarding
processed photoproducts, only master filmsof geocoded
and fixed full scenes will be archived.

InformationonIRS-1C and IRS-1D data accessions
archived at NRSA, will be available in the form of
catalogues. These are updated periodically. Specific
information ondataavailability ofuseridentified area,
with thedesired cloud cover, dataquality and period will
be provided through the ITMS.
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5.4.DIGITAL BROWSING FACILITY

Before ordering data, the users need to browse
through the data, to check for cloud and quality of
the data. To meet this need, NRSA is generating
sub-subsampled and compressed browse images
alongwith necessary ancillary information. Browse
data is archived on mass data storage media like
optical disks. Presently, the facility to browse through
the archives is located at NDC only. During IRS-1D
timeframe, it is planned to make browse data
accessible to the users at their work place.

With the evolution of Internet and World Wide Web,
dissemination and browsing of different forms of
data has become a reality. It is planned to setup a
web server so that the user can access browse
archives through Internet or dial-up telephone
network. While making the browsedataavailableto
the useracross the globe, it is to be ensured that at the
user's site, no format dependent software is
necessary. Hence, it is proposed to develop the

interfaces, with commercially available web

browser software.

Browse image and cataJogue generation are planned
to be carried out at the data receiving station. The
sub-sampled, compressed image data (JPEG
standards) and the meta data will be transferred to
the Browse Archival System (BAS) at NDC, either
on media or via link. This meta data i. e, data
describing the browse image for all the acquired
passes will be stored on disk and will always reside
on the system.

Fourservers will beavailable; one for LAN users and
others for Remote users, to browse data through
Internet or dial-up lines. Users asking for browse
data will have to choose the options provided in the
Query form and submit it to the server. The server
responds by placing the data and annotations at the
user's end. Figure 5.4.1 depicts thebrowsing facility.

FIBRE OPTIC
COMMUNICATION
—
LINK

1
SERVER
FOR LAN

(NRSA |
PFL!CAUO#ﬁ_
USERS) |

WROWSE STATIONS

T0
INTERNET

. INTERNET
SERVER |—

[’JIALUP
TELE LINK

Figure 5.4.1 Digital Browse System
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The user can ask for his area of interest in different
ways. It is planned to accept queries based on:

* satelliteand sensor/subscene and path and row

* latitude and longitude ofthe area

* mapsheet ID for aregion (thisinputis valid only
forIndianregion)

* name ofthelocation (forimportant cities only).

User can narrow down the list of available scenes by
* gpecifyingthe period of interest
* gpecifyingtheacceptablecloud cover

The following isthe plan for archival of browse data:
Current Archives

Due to the large volume of data, only 6 months/1 year
data will be made available to the users online. Users
from International community and Metros will be able to
access the Browse archives on Internet or through a
Dial-up network. Dueto thebandwidthlimitations of
these networks, itis planned to maintain two types of
browse archives.

An archive with browse images of 1K X 1K resolu-
tion. Thisismaintained for LANusers of NRSA and
also forthe browse data exchange with International
Ground Stations (onmedia).

Second archive with browse imagesof 256 X 256 size
resolution. This is maintained for the remote user
accessing through Internet or Dial-up connection.

Back-up Archives

Asthe size ofthe current archives is limited, the back
dated data is moved to a back-up media like Digital
Linear Tapes or Digital Video Tapes. The structureis
designed to make the accessing method simple. Data
from current archives, will be moved to this archives

routinely.

Table 5.4.1. Minimu
browse system at user’s end

The fieldsinmetadata file(s) indicate whether the image
isincurrent orback-up archives. The Archives Manager
performs the archival and retrieval of data from
archives.

Table5.4.1 givestherequired minimum configuration of
the browsing system at user’s end. However, users are
requested to contact NDC before finalising the procure-
ment ofthe system.
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5.5 ORDERING INFORMATION

5.5.1 ORDERING DATA

Orders for data supply will be accepted by NDC from
Government organisations, academic institutions, In-
dustries and individuals in India and abroad. Orders
may be placed with NDC in the prescribed format
(Figure 5.5.1). Orders will be taken up for product
generation when all thenecessary information and full
payment have been received from the customer. On
receiving the payment, each customeris assigned an
accountnumber, to which reference shouldbemadein
all future transactions.

5.5.2. STANDING ACCOUNTS

Standing accounts may be established by customers
who need products frequently. A standing account may
be opened, by advance deposit of funds withNDC. The
customeris givenan account number, againstwhich all
subsequentorders willbe processed. Statusof stand-
ingaccount, isprovided alongwith every invoice. Funds
may beadded to, or, arefund ofthe unused amount can
be obtained atany time.

5.5.3PAYMENT

All orders for supply of data products must be
accompanied by full advance payment, in the form of
bank draft and payable to NRSA. Paymentincash will
not be accepted. In the case of standing accounts, the
authorised accountidentificationshouldbesentto enable
processing of the order under that account.

Foreign payments have to be made in US dollars at
rates indicated in the price list for supply of products
to foreign users. All remittances may be credited to
ANZ G;i ndlaysBank, 1177 Avenue ofthe Americas,
New York NY 10036, U.S.A. (Telex : 667559 ;
Fax:(212)8019859), underadviceto ANZ Grindlays
Bank plc, Hyderabad (Telex : 0425-6219;

Fax : 0091 40-203734 marked to the attention of the
Relationship Manager), in the following format :

TELECREDITUSD TOANZ
GRINDLAYS BANK, CHENNAI 001313, 00001
CHIPS 232293 FOR CREDIT TO NRSA,
HYDERABAD, INDIA.

Alternatively, bank draft payabletoNRS A, mayalsobe
sent by the user.

It maybenoted that the date of full remittance of funds
toNRSA, istreated as the effective date of placement
oforder.

5.5.4PLACING ASTANDING REQUEST

A standing request is intended to ensure supply of
desired data products, pertaining to future dates.
Automatic generation and supply of data, as they are
acquired,isthemostexpeditiousmethodfor ~ obtaining
dataproducts. A standing accountistobe established
and maintained to satisfy the prepayment requirements
for such orders.

Two options can be exercised by the customer, for
placingstanding orders. The customer may either specify
theareaand cloud coverlimitation, forwhich products
are to be automatically generated and shipped, or, the
user can confirm theorder, afterreceiving information
about thenew acquisitions.

§555CUSTOM PRODUCTS

Processing of data to unique scales or formats, 1S
available onselective basis and this mustbe specified

explicitly.
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.NRSA DATA CENTRE

SATELLITE DATA REQUEST FORM
(IRS, LANDSAT,SPOT,ERS & NOAA)

Please remember_incomplete forms will not be processed & will be returned

Name : Mr./Ms./Dr. Designation
Organisation:

Address :

City Pin/Zip: Country
Phone : Telex : Fax:

Contact Person :

(List your address including PIN/ZIP code clearly. Listing of Telephone, Telex/Fax numbers or
Cable/Telegraphic address will help NDC contact you faster in times of need.)

2. Your reference :
3.  SHIPPING ADDRESS (if different from above)
Name : Mr./Ms./Dr. Designation
Address :
City : Pin/Zip: Country
Phone : Telex : Fax:
Contact Person :
4(a) User Organisation
(Tick the category to which Central Gowt. =] Industrial ]
your organisation belongs.) State Gowt. =) Individual []
Academic Inst. []  Forelgn O
4(b) Funding organisation if
different from User Organisation
5(a) NDC Account no :(Ex: 6-8888) (b) New account to be opened Yes l:l NoD
6(a) In case of non-availability of good quality data for the requested date one can specify the
alternative dates (efther a period or a specific date). Please be sure to refer item 8 of guide
lines and check column 8 on the next page.
7(a) Have you checked the browse print(s) ves [] No [

(b) If no, tick the acceptable cloud cover Approx. 0-10 % |
Note: Cloud cover % mentioned In accession Approx. 11-25 % [=l
catalogue Is only approximate. Irrespective of cloud cover []

8. ‘Enhancement required: Common [J Scene specific [J (Default option is Scene specific)
(Only for photographic products)
9. HNature of application & Remarks (if any) :

Figure 5.5.1 Data request form (page 1)
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Figure 5.5.1 Data request form (page 2)
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GENERAL TERMS AND CONDITIONS OF SUPPLY OF DATA PRODUCTS

ORDERS

The order will be entertained only when the required information is furnished in full and payment made in advance. Once the order is processed, NDC sends
a confirmation copy to the purchaser. Order once processed and confirmed cannot be amended or cancelled unless technical problems are encountered during
data generation. NDC reserves the right to refuse/cancel any order in full or part.

PRICE
The price applicable to each order is the one in effect on the date of confirmation of the order at NDC. NDC publishes a price list of data products at periodic
intervals.

PAYMENTS
*  All orders must be accompanied by full advance payment for processing to be initiated.

*

For Indian users, payment may be made by demand draft in-Rupees payable to National Remote Sensing Agency, Hyderabad - 500037, Andhra
Pradesh, India

For Foreign users, payment may be made by telecredit in US$ payable to ANZ GRINDLAYS BANK, Account no Madras 001313.00001 chips 232293
for credit to NRSA, Hyderabad, India

For continued operation, a standing account can be opened by users by depositing a suitable amount. The user may add lo the balance or obtain a
refund of the balance at any time, Processing of data at any time will be limited to the balance amount in user's account.

Same organisation/individual can open more than one account if required

CONDITIONS OF SALE

All products are sold for the sole use of purchasers and shall not be loaned, copied or exported without express permission of and only in accordance
with terms and conditions if any, agreed with the NRSA Data Centre, Natienal Remote Sensing Agency, Dept, of Space, Gov, of India.

Complaints and Inspection : No complaint related to the quality and/or quantity of the products will be entertained unless the complaint is lodged
at NDC within 30 days from the date of despatch. On acceptance of the complaint, poducts can be returned after confirmation by NDC. If the rejections
are aceepted by NDC, all attempts will be made to provide similar/equivalent data products.

The purchaser is responsible for any use of the data prducts purchased from NDC, which has no liability or responsibility for the fitness of the products
for any particular use. Consequently, the purchaser waives all claims against NOC

In general, all the data products will be despatched by registered insured post/air parcel. Products can be despatched by Courier service/speed post
on specific request and at NDC's discretion.

Supply of data products on the price list are governed by these general terms. No contrary terms or conditions of the purchaser are binding on the
NRSA Data Centre

The undersigned has verified the correctness of the order and accepted the General Terms and Conditions of
supply listed above.

Signature :

Name H

Date £

Completed order form and payment may be mailed to :

Head, NRSA Data Centre

National Remote Sensing Agency

Balanagar, Hyderabad - 500037, INDIA

Telephane : 040 - 278560 ; 040 - 279572 Ext 2318
Telex . 0425 - 8080 ; 0425 - 8039

Fax : 040 - 278664 ; 040 - 278648

Figure 5.5.1 Data request form (page 3)
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Guidelines to fill data request form

Pleaseread the following guidelines before filling the order form. Please use separaterows for each product.
Donot club several products in one row.

i

6&7

10a

10b

11

12

12.

Specify the satellite (IRS-1A/1B, LANDSAT, SPOT, NOAA, ERS, IRS-1C, IRS-P3, IRS-1D)
Specify the sensor (MSS, TM for LANDSAT; MLA, PLA for SPOT ; LISS-I, LISS-II for
IRS-1A/1B; AVHRR, TOVS for NOAA; SAR for ERS-1/2 and in case of IRS-1C/1D, LISS-III
(3 forvisible band resolution and M for SWIR band resolution, PAN, WiF$ ) or subscene, in case
of IRS-1A/1B/ P2 LISS-II (A1,A2,B1,B2); in case of IRS-1C/1D PAN (A1 to A9, B1 to B9, C1
to C9, D1 to D9).

Specify the Path or Orbit (Orbitin case of NOAA)

Specify the Row or Sector (Sector in the case of NOAA)

Specify the toposheet number (eg. 56K/11 for 15'X15' and 56K/11 NE for 7 1/2' X 7 1/2') or
quadrant number in case of TM standard CCT/Cartridge; A,B,CorD incase of PAN and

quadrant 1 to 12 in case of LISS-III; Percentage of shift in increments of 10%, in case of SAT
products and B/Hratio in the case of stereopair products.

Specify the latitude/longitude valuesin case of point geocoded products

Specify the date of pass/period of interest.

Specify the product code as per the current price list.

Specify theband number for B/W products formultispectral sensor

Specify the band combination for FCC.

Specify theunit price

Specify thenumber of copies of the product.

Specify thetotal price of products ordered by multiplying columns 11 and 12.

Appendix- III gives the Product Supply Agreement. Users are requested
to carefully go through the same while placing the orders.
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5.5.6 PRODUCT CODE

at the code of a product. Detailed list of type of
product and its product code is given in Annexure 1.

Each product is identified by a unique nine letter

code. Table 5.5.6 gives the scheme used in arriving
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5.6 PAYLOAD PROGRAMMING

5.6.1. INTRODUCTION

The three main features of IRS-1C and IRS-1D
which neccessiates programming ofthe satellite are:
Steerable nature of the PAN camera.
On Board Tape Recorder (OBTR) and
Reception of IRS-1C/1D data by IGS's.

The PAN camera can be steered upto +26°, whereby
astrip of 63-90 Km can be viewed within 407 Km on
either side of the satellite track.This capability of
PAN allows high revisit of an area and stereoscopic
viewing. The revisit capability varies with latitude.

In the real-time mode, a ground station can acquire
data from any/all of the three sensors viz. PAN,
LISS-III and WiFS by setting to any one of the seven
possible modes of real-time acquisition.
(Table-5.6.1).

LISS-IT

e
3R
e

Table 5.6.1 Modes of acquiring real time data

It is possible to acquire data outside the visibility
region of the Indian ground station, through an On
Board Tape Recorder (OBTR). The OBTR will be
able to record and store data in two segments of 8
minutes each .LISS III and WiFS data can be
recorded simultaneouly, but, these cameras cannot
be operated while recording PAN data. The five

modes in which it can be operated are given in
Table-5.6.2. Data recorded on the OBTR will be
downlinked to the Indian datareceiving station, only
during night passes and products will be supplied as
per user’s requirements.

Table 5.6.2 Modes of operating OBTR
IGS's will receive data, in the real-time mode, over
areas which fall within their visibility zone. IGS's will
interface with Space Imaging EOSAT, for all their
requirements for the acquisition of the data and
SI-EOSAT will, in turn, consolidate and priortise

these requests and send them to NRSA Data Centre
(NDC)

5.6.2 PROGRAMMING REQUESTS

General Users - Users send their Programming
Requests (PR) to NDC (Figure 5.6.2). The PR is
checked forits completeness, feasibility and also for
the availability of datain archives which could satisfy
the PR. The feasibility of a PR depends on technical
constraints like specular reflection, the possible
conflicts with other programming requests, climatic
conditions ofthe area of interest etc.,.The PRs from
various users are carefully studied and priorities are
assigned depending on the order in which PR is
received, size of the PR, acquisition mode etc.,.
Based on these priorities, an optimal acquisition plan
is prepared for the acquisition of every pass . NDC
will send the acquisition plans to the Spacecraft
Controlling Centre (SCC), where the necessary
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commands for the satellite to acquire/transmit the
data, will be worked out. After the successful
acquisition of a pass,the user will be informed and
the scene that meets the user’s requirement fully is
processed and the products delivered to the user.

IGS'S- The IGS's have to communicate their
requirements to SI-EOSAT which in turn would
scrutinise, priortise conflicting requests, consolidate
the requests on a weekly basis and send the final plan
to NDC, atleast 10 days in advance. The program-
ming request will define the area proposed for
programming for each pass , in terms of path, start
and end rows. NDC consolidates all user requests

including those of IGS's on a weekly basis and sends
to SCC 7 days ahead. The confirmation for the same
to SI-EOSAT (which will inform the IGSs) will be
sentby SCC on aweekly basis, 4 days before the first
day of the specified week. SCC will generate the
necessary commands for the satellite to acquire and
transmit data to IGS's. SCC will also provide 1GS's
with thenecessary information like state vectors,. for
acquisition of data. After acquisition of each pass,
EOSAT will inform NDC and SCC about anomalies
if any. An overall flowchart of the programming
activities is shown in Figure. 5.6.2.1. Figure 5.6.2.2
shows the programming request form.

REAL TIME
AGCQUISITION

|
ACQUISITION

COMMANDING
&MONITORING

IMAGE DATA

sccC

TRACKING, TELEMETRY
& COMMAND NETWORK

SGH & SV's — -
< - pPS

PR
ACKNOWLEDGE

PR’'s & I -

QUALITY/
CLOUD COVER

|
DATA
PRODUCGTS

OBTR

Figure 5.6.2.1 Programming activities
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5.6.3 PROGRAMMING SERVICES

NDC willtry its best (amaximum of three attempts will
bemade) to acquire the data over the required area as
per user specifications. Ifthe datais acquired success-
fully withinuserspecified cloud and meets quality crite-
riaset forthby NRSA, the product will be generated and
despatched to the user. Purchase of data products is
mandatory.

5.6.4 PROGRAMMING SEQUENCE AND
TIMELINE

* Allusers who arerequesting for programming the
satellite either for tilting the PAN cameraor for
OBTR request, have to send the request to NDC
atleast three weeks in advance. NDC first checks
theavailability ofthe datainarchives and based on
this, aprogramming proposal is sent to user for
confirmation. Thiswillindicate theavailability in
archives (ifany)as well as the arcas to be freshly
programmed. The confirmation/acceptance must
be made by users atleast 10 days in advance.

* The confirmed Programming requests (PR) from

users/ EOSAT havetoreach NDC atleast 10 days
inadvance.

* NDC will send weekly acquisition planto SCC
sevendaysin advance.

* SCCwill send the confirmation schedule fora
week, tothe Indian ground station, SI-EQSAT and
NDC, four days before the first date the week. This
isaweekly transmission.

* State vectorinformation will be transmitted to
Indian ground station, SI-EOSAT and IGSs by
SCC, onadaily basis.

* IGS has to send the pass performance report to
SI-EOSAT within 24 hours after the acquisition of
the pass, only by exception, in case of anamolies.
Thisisretransmitted by SI-EOSAT to SCC and
NDC.

Thetimelineoftheprogramming activitiesisshowninthe
Table5.6.4.
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TableS.6.4 Programming sequence and timeline
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5.7 DESPATCH OF DATA PRODUCTS

Thedataproductsare  sccurely packed and des-
patched by Speed post or Courier. Users should
clearly specify the name and address, to which the
products should be shipped at the time of placing the
order. All shipmentsare prepaid and no postal charges
are payable by the user.

Aninvoice accompanies the data products showin gthe
details of the products under despatch, previous bal-
ance, currentdebit and current balance.

In the case of foreign orders, customs clearance and
other formalities are the user's responsibility in his
country. Despatches canalso bemade by DHL Courier
on"Freightto collectbasis" in case the user so desires.
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58 USER FEEDBACK

The users are encouraged to keep the NRSA Data
Centre informed about their experience with thedata
productssupplied tothem. Usersmay also inform, while
placing theorder, thehardware available for using
the data, the operating system and other pertinent
information. Such feed back will be continuously .
analysed to improve the quality of the products and
services. ‘

If the quality‘ of the product supplied is found to be

. unsatisfactory, usershould intimate NDC withinamonth

from the date of receipt of the product, specifying the
nature of the complaint and also arrange to send the
productstoNDC for evaluation. Ifitis observed that the
product is indeed defective or a wrong product is
supplied, the same will bereplaced.
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5.8 USER FEEDBACK

The users are encouraged to keep the NRSA Data
Centreinformed about theirexperience with thedata |

productssupplied tothem. Usersmay also inform, while
placing theorder, thehardware available for using
the data, the operating system and other pertinent
information. Such feed back will be continuously
analysed to improve the quality of the products and
services. .

If the quality of the product supplied is found to be
unsatisfactory, usershould intimate NDC withinamonth
from the date of receipt of the product, specifying the
nature of the complaint and also arrange to send the
productsto NDC for evaluation. Ifitis observed that the
product is indeed defective or a wrong product is
supplied, the same will bereplaced.
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6.1. INTRODUCTION

The launch of IRS-1C satellite with state-of-the-art
sensors, on December 28, 1995 provided a new
dimension and further boosted the applications of
space-based remote sensing technology for
natural resources management. With aunique com-
bination of payloads, the IRS-1C has already earned
reputation as “The Satellite for All Applications”.
IRS-1C/1D carry three imaging sensors characterised
by different resolutions and coverage capabilities. Tech-
nical details of each of these sensor are provided in the
earlier chapters. These three imaging sensors, provide
image data for virtually all levels of applications, rang-
ing from cadastral surveys to regional and national
level mapping.

The PAN data with 5.2 - 5.8 m spatial resolution (at
nadir) is a quantum jump from previously available
IRS LISS-II sensor data (36.25 m resolution) on-board
IRS-1A and 1B. This high resolution data, along with
stereo-viewing capability and a revisit frequency of 5
days, provides an opportunity for large scale mapping
of urban, cadastral level features, including infra-
structure such as road/rail network.

The LISS-HI data with 21.2 - 23.5 m resolution has
significantly improved separability ~amongst
various crops and vegetation types, leading to
identification of small fields and better classifica-
tion accuracy.

The frequent availability of data from the WiFS
payload has helped in monitoring dynamic phenom-
ena like vegetation, floods, droughts, forest fire etc.,.
The availability of data with a five day repetitivity, has
enabled the generation of spectral growth profiles at
almost every stage of crop growth.

A major benefit of the multi-sensor IRS-1C /1D
payload is the capability to merge the multi-spectral
LISS-III data, with high resolution PAN imagery. This
merger of multispectral and high resolution data, facili-

tates detailed land cover classification and delineation
of linear and narrow roads/lanes, structures, vegeta-
tion types and parcels of land. It is therefore viewed as
abreak through for cadastral level mapping.

6.2 APPLICATION POTENTIAL

When the unique advantages offered by IRS-
1C/1D data are translated into application possi-
bilities, many innovative uses emerge, in addition to
routine resource inventories. These are summarised
discipline-wise.

AGRICULTURE

- Early season estimation of total cropped area
(WIFS)

- Monitoring crop condition using crop growth
profile (WiFS)

- Identification of crops and their acreage
estimation in multi-cropped regions (LISS-III ;
SWIR data improves crop discrimination)

- Crop yield modelling (WiFS + LISS-III)

- Crapping system/crop rotation studies (WiFS +
LISS-III)

- Command area management (WiFS + LISS-III +

PAN)

- D%ction of moisture stress in crops and

quantification of its effect on crop yield
(LISS-III; in particular SWIR band data)

- Detection of crop violations (LISS-III + PAN)

FORESTRY

- Improved forest type mapping (LISS-IIT)

- Monitoring large scale deforestation, forest fire
(WiFS+ LISS-III)

- Monitoring urban forestry (LISS-III + PAN)

- Forest stock mapping (LISS-III + PAN)
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A EA IL WATERSHED
- Mapping Landuse/cover (level-III classes), at - Delineation of watershed boundaries/partitioning

1:25,000 scale or better (LISS-IIT + PAN)

- Change detection (LISS-III + PAN)

- Identification of degraded lands/erosion prone
areas (LISS-IIT+ PAN)

GEQOLOGY

- Lithological and structural mapping (PAN+
LISS-III)

- Geomorphological mapping (PAN+LISS-III and

PAN stereo)
- Ground water exploration (PAN+LISS-III)

- Engineering geological studies (PAN + LISS-III

and PAN stereo)
- Geoenvironmental studes (PAN-+LISS-III)

URBAN LANDUSE

- Urban landuse level IV mapping (PAN)

- Updation of urban transport network (PAN)

- Monitoring urban sprawl (LISS-III+PAN)

- Identification of unauthorised structures (PAN)

ATERRE E

- Monitoring surface water bodies frequently and
estimating their spatial extent (WiFS)
- Snow-cloud discrimination leading to better

delineation of snow area (WiFS + LISS-III; SWIR)

- Glacier inventory (LISS-III)

COASTAL ENVIRONMENT

- More detailed inventory of coastal landuse on
1:25,000 scale (LISS-III + PAN)

- Discrimination of coastal vegetation types .
(LISS-III; SWIR)

- Monitoring sediment dynamics (WiFS)

- Siting of coastal structures (LISS-III + PAN)

of micro watershed (PAN stereo data)

- Wa
shay
- Siti

- Mo

PAN)

ershed characterisation at large scale (Size,
e, drainage, landuse/cover (LISS-III + PAN)
g of water harvesting structures (LISS-III +

itoring watershed development (LISS-III +

ENVIRONMENT

- Impact assessment on vegetation, water bodies
(WIFS + LISS-III)

- Sitin
DISA

- Map
asse

DIGI

1g applications (LISS-IIT+ PAN)
STERS

ping flood inundated areas, damage
ssment (WiFS, LISS-III, PAN)

[AL ELEVATION MODELS

- Contours (> 10m ) (PAN)

- Slop

Large
(LISS

e/Aspect analysis (PAN)

scale thematic mapping upto 1:25,000 scale
-IIT + PAN)

6.3 DEMONSTRATED APPLICATIONS

Using
plicati

data available so far from IRS-1C, ahost of ap-
ons have been demonstrated, at various centres

inthe country.

6.3.1 CROP AREA ESTIMATION

Advantage of frequent repetitivity of WIFS data with

not t

po coarse spatial resolution, has been

demonstrated by its use in estimating total cropped area

inrab
early

season, for Punjab State. The results gave an
pre-harvest estimate of 3.4715 Mha
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for 1995-96 rabi season. This provided encourage-
ment for evolving a scheme, for the use of multitemporal
WiFS data for national wheat acreage estimation
for 1995-96. Multidate IRS-1C WiFS data analysis
showed that the distinct phenological changes
observed in each crop were manifested in the direction

Figure 6.3.1.1 WiFS image depicting different
crops

of change in signature, which could be used for crop
identification and that the changes were prominent be-
cause of varying growth stages. Wheat acreage for the
country was estimated to be 27.6 Mha. compared to
25.6 Mha. Similar efforts were also made for rice and
cotton, during 1996-97 Kharif season. Figure 6.3.1.1

shows WiFS data indicating changes in signatures of
different crops like soyabean, rice and cotton.

Phenological changes of soyabean as seen in WiFS im-

ages are shown in Figure 6.3.1.2.

The results from multitemporal WiFS data covering
Bardhman district in West Bengal, indicate that various

crops exhibit characteristic temporal - spectral behav-
10r, in terms of direction and rate of spectral change.
Wheat and potato spectral signatures increase
in NIR and decrease in red. This is associated with
their growth, while mustard moved in opposite direc-
tion, due to senescene. However, the pseudo-invari-

Figure6.3.1.2 WiFS image depicting
phenological changes.

ant features (PIFs) like forest, urban and deep water
areas showed little or no change. These features could
be used to normalize the atmospheric effects in tempo-
ral data set, which is essential for generating spectral
growth profiles.

6.3.2 CROP DISCRIMINATION

Crop discrimination, particularly in areas
characterised by small size fields and co-existence
of multiple crops requires data of high spatial
resolution, frequent repetitivity and in specific
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spectral bands. Figure 6.3.2.1 shows images.

acquired over Sally farm, Hissar by IRS LISS-I, LISS-

Figure 6.3.2.1 Sally farms as seen by LISS-1, II and III sensors

Figure 6.3.2.2 Transect p-lots of agricultural
fields

II and LISS-III during the same season. While
cropped area is seen clearly in LISS-I, individual fields

are clearly discernible in LISS-III sensor. The effect of
spatial resolution on crop classification accuracy was
evaluated using IRS LISS-II and LISS-III data ac-
quired on two consecutive dates for Saharanpur dis-
trict in UP. The separability ~ between wheat and
sugarcane increased significantly in LISS-III data, as
compared to LISS-II. Transect plots (Figure 6.3.2.2)
showed that in LISS-II data there was smoothening of
signal from crop fields and less number of peaks com-
pared to LISS-III data. In one of the test areas having
irrigated wheat and unirrigated gram (Bhopal Tehsil), it
was observed that SWIR band made marginal im-
provement (2 to 3 per cent) towards crop separability
using -M  distance criteria. Typical FCCs using
bands 2, 3, 4 and 3, 4, 5 of LISS-III are shown in
Figure 6.3.2.3. Similar observations were made for
various other crops. However, the accuracy of or-
chards, improved significantly by including SWIR band
in classification. In order to ascertain this, the
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Figure 6.3.2.3 LISS-III FCCs with differentband combinations

LISS-III data covering Bale tehsil in Pali district
(Rajasthan) has been evaluated to study scene
spectral characteristics, inter-band correlation,
principal component characteristics and crop
separability. The principal component analysis
indicates that, the data over this scene lies in two major
axes which explain 97.6% of variance (91.9% scene
variance is from the component image which has con-
tributions from B2, B3 and B5). The study on crop
separability of wheat and mustard indicates
improvement in crop type and condition assessment by
inclusion of SWIR channel, whether measured by mini-
mum Bhattacharya distance (BD) or average BD. Simi-
larresultshave alsobeen  obtained from different
test sites.

Use of merged product of LISS-III and PAN for
identification of sugarcane, in individual fields and their
condition was demonstrated for part of Yamunanagar,
Haryana (Figure 6.3.2.4).

Figure 6.3.2.4 PAN+LISS-III merged image
showing sugarcane crop
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6.3.3 MULTIPLE CROP IDENTIFICATION

A study was conducted in Tullur Mandal, Guntur dis-
trict, A.P. for identification and estimation of the acre-
age of crops grown under multiple cropping situation,
using LISS-III data of 25 January, 1996. Digital analy-
sis of the data, employing maximum likelihood
classification algorithm, based on complete
enumeration approach, with limited field checks, re-
vealed that, LISS-III data can be effectively
utilised for identification and acreage estimation of
multiple crops, since field boundaries are clearly dis-
cernible in the data. The LISS-III image of Tullur

6.3.4 FOREST COVER MAPPING

The biotic pressure zone map of Agr _icserve  for-
est prepared using LISS-III data and its com-
parison with LISS-II indicates that, level of details
available in LISS-IIT is higher than LISS-II data. The
LISS-III data also provided information on the acces-
sibility to the forest, which is otherwise ~  difficultto
observe.

The use of either IRS-1C PAN data or combined use
of PAN and LISS-III data would facilitate
preparation of forest stock maps at 1:25,000 scale.

BANANA

Figure 6.3.3.1 LISS-IITimage of Tullur Mandal alongwith classified map

mandal, alongwith classifed map is shown in F igure
6.3.3.1.

The different forest cover levels represented by~ dif-
ferent tones of PAN data, are shown in Figure 6.3.4.1
and 6.3.4.2.
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6.3.5 PLANTATIONS

The interpretation of panchromatic data for vegetation
mapping shows that, even small plantations (around
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Figure 6.3.5.1 PAN image showing teak
plantationin Karnataka
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Figure 6.3.4.2 PAN image showing dense forest
cover in parts of western U.P.

0.25 hectares) could be mapped. PAN data was used
for 1dentification of plantations in Terai region of UP
and teak plantations in Karnataka. (Figure 6.3.5.1 and
6.3.5.2).
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6.3.6.URBAN FORESTRY

The merged product of panchromatic and LISS-IIT
data has been employed, to find its potentiality in ur-
ban forestry application (Figure 6.3.6.1). In orderto
see the success story in a typical urban area,
Gandhinagar city, the greenest capital, has been
selected for multitemporal analysis. Thereference data
was of 1972 and the latest data was that of IRS-
1C acquired during 1996. It was found that there
is an upward trend of afforestation.

Figure 6.3.€.1 PAN + LISS-III data depicting
Gandhinagar city

6.3 7 SHIFTING CULTIVATION

Shifting cultivation is more prevalent innorth eastern
parts of India and results in encroachments in forest
Jands. Therefore, the monitoring of shifting cultivation
on an annual basis is required for assesment of the
encroachments, especially small areas. The encroach-
ment of forest lands, specifically by shifting cultivation,
could be identified to a minimum size of 0.25 ha
(Figure 6.3.7.1) using PAN data alone or PAN datain

conjupction with LISS-III data.
6.3.8 COASTAL GEOMORPHOLOGY

Figure 6.3.7.1 PN i"rnage showing shifting
cultivation in Mizoram

Analysis of IRS-1C data indicates that coral reef
zonation (Figure 6.3.8.1), identification of tree and
shrub mangroves (Figure 6.3.8.2), seaweed/sea grass
beds,! improved delineation of coastal features such as
fringe mangroves, mudflats, beach-dune vegetation,
saline areas etc., as well as better understanding of
susp%nded sediment patterns (Figure 6.3.8.3), are now
possible. The results from IRS-1CPANand LISS-
I merged product of Van and Koswari reefs show
that the live coral areas as small as 50sqm and
the sea grass bed, only 15-20m wide, were identified
and mapped Merged data is extremely useful to
monitor condition of individual coral knolUreef patch
andi in estimating total sea grass/sea weed resources,
avai able in an area. The merged data of IRS-1C
PAN and IRS-1B LISS-II data covering Tuticorin
area (Figure 6.3.8.4), shows improved accuracy in
bour:ldary delineation of tidal flat, beach, dunes,
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Figure 6.3.8.1 PAN+LISS-ITimage and classified map depicting
Koswari reefs in Gulf of Mannar

Figure 6.3.8.2 WiFS image showing mangrove and suspended sediment
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Figure 6.3.8.3 LISS-IIl image showing mangrove density map of creek, Gujarat

dunes, categorization of reclaimed area, delineation of
jetty, built-up area etc.,. This product is found extremely
useful in providing detailed information on 1:25,000 scale
or larger, about the reclamation and construction ac-
tivities which are required for regulating these activi-
ties, in the coastal regulation zone (the area between
high tide line and low tide line and 500m from high tide
line).

6.3.9 URBAN PLANNING AND MAP
UPDATION

Preliminary analysis of IRS-1C data has shown a
marked improvement in detecting, discriminating and
delineating various level-IIT urban land use features at
larger scale data. The study carried out using merged
product of IRS-1C PAN and LISS-III  covering
Ahmedabad city, indicated, thatitwas  possible to
map level-TIT urban land use features such as low/me-
dium and high rise structures associated with the resi-

. dential use, slum areas, majorand minor industrial
Figure 6.3.8.4 PAN+LISS-IIl merged image complexes, different types of roads, bridges, educa-
of Tuticorin, Tamilnadu tional institutes, open spaces such as
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parks, gardens, play grounds, stadiums, utilities such
as sewage treatment plants, bus depots, vacant lands
and newly developing layouts (Figure 6.3.9.1).

From this analysis, it has also been noted that it is
possible to prepare urban land use map on 1:15,000
scale depicting level-IIl land use information. A study
also has been attempted to monitor the urban

development on a plot by plot basis, by
superimposing the cadastral map of Jodhpur gram
panchayat on the merged data, with the help of ground
control points at an accuracy of about 12m. The study
indicates that it is possible to provide information of
development at plotlevel. This  information, helps
planners to monitor whether the development is as per
the original plan or not.

Figure 6.3.9.1 PAN+LISS-ITimage of Ahmedabad city
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6.3.10 ROAD NETWORK MAPPING

Transportation network forms an important  infra-
structure element of the whole urban area. It allows
connectivity and movement of people, traffic and goods
from both intra (within) city and inter (outside) city

hinterlands. Studies have been carried out to
prepare a transportation network map of
Ahmedabad, Bangalore and Hyderabad cities
employing IRS-1C panchromatic data. In case of
Bangalore city, segments of approximately 2km x
2km size, representing different types of
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Figure 6.3.10.2 PAN image of Malleshwaram in Bangalore
(semi-planned medium populated area) and road network map
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settlements were identified and the road network
mapped (Figure 6.3.10.1t0 6.3.10.4).

All the trunk roads and highways could be very well

mapped using the PAN data.The roads in well
planned areas like Jayanagar, could bemapped  easi ly
with 95% accuracy, in semi-planned areas
(Malleswaram Chamarajapet) with 80% accuracy

Legend

awerx= Roads not seen
on the [mage

Very Clear
(18-30 m wide)

=== Fairly Clear
(6-9 m wide)

New roads not
shown on the Map

= Clea1
(9-18 m wide)

=====z Less Clear/Faint
(3-6 m wide)

Figure 6.3.10.3 PAN image of Chamarajpet in Bangalore
(semi-planned densely populated area) and road network map

SOUTH END_ROAD

aoexrx: Roads not seen

Very Clear = === Fairly Clear

(18-30 m wide) (6-9 m wide) on the image
Clear ====z2= Less Clear/Faint e New roads not
(9-18 m wide) (3-6 m wide) shown on the Map

Figure 6.3.10.4 PAN image of part of Tata silk farm in Bangalore
(unplanned semi-rural) and road network map
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and in unplanned areas, mapping accuracy was achieved
only to about 60%. Thus, the high spatial resolution of
IRS-1C PAN data, is useful for the preparation of
transportation network map on 1:25,000/1:12,500
scale. Even the existing city guide maps, could be eas-
ily updated using this data.

6.3.11 CADASTRAL MAPS OVERLAY

Land ownership details are available on cadastral maps,
which are generally available on 1:4000 to 1:8000 scale
without a projection system. Itis  essential to update
for planning purposes. A methodology has been
designed and developed to overlay cadastral maps, on
special dataproducts ~ generated using IRS-1CPAN

and LISS-III. The methodology consists of satellite
data processing, creation of raster cadastral images,
registration of cadastral images and generation and
overlay of cadastral vectors (Figure 6.3.11.1).

6.3.12 FLOODS

A severecyclonicstormoriginatingintheBay of Bengal,
crossed the Andhra Pradesh coast, about 50Km South
of Kakinada at about 21:30 hours on 6th November,
1996. Extensive damage to property and human lives
werereported in Eastand West Godavari districtsof the
state. Nearreal time

usingremotesensing

assessment of cyclonic impact,

Figure 6.3.11.1 PAN+LISS-III merged image of Uma-Gani watershed, Maharastra,
overlaid with cadastral map
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data was taken up. The first satellite data after the
cyclone crossing was obtained from IRS-1C WiFS
data on 9th November, 1996 and by steering the PAN
camera on the same day (Figure 6.3.12.1). The post
cyclone data was compared with pre-cyclone data
provided by IRS-1C WiFS on 25th October, IRS-1B
LISS-1I sensorof 30th Octoberand NOAA AVHRR
lata and WiFS data of 4th November.

[he analysis of satellite data was supported by field
visitsduring 12thto 17thNovember, to provide ground
nformationonthe extent ofdamage to various agricul-
ural crops and coconut plantations. The second field
/1siton 24th and 25th November provided more details
n selected areas.

Figure 6.3.12.1 PAN image of Kakinada coast, Andhra Pradesh

Analysis ofpre-cyclone datahel
extentofagricultural area and stz
paddy was harvested ornot and
plantations. Pre and post cyclo;
differential vegetationindex data
9thNovember havebroughtoutt]
cyclone.

PAN data of 9th Novemt
identification of paddy stacked i1
alsodamaged duetoheavyrains.
the field. Stacks are visible as wh
alsohelpedinthe detailed assess:
caused by the cyclone in Kakinac
drains.
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6.3.13. GEOLOGICAL MAPPING

Thevisual interpretation of TRS-1CLISS-IITand PAN
dataofpartsof Cuddapah basin, Andhra Pradesh, was
done withenlargements with varyingscales. The studies
indicate that the boundaries between different

lithological unitsi.e., Paniam quartzite (A) forming cues-
tas, Owk shale (B), Narji limestone (C), Banganapalli
sandstone (D) exposed along cuestascarps, Tadapatri
shales (E) and basic sills (F), both forming homoclinal
ridges could be mapped more accurately. Minor struc-

Legend
A Paniam quartzite B Owk shale
CNarjilimestone D Banganapalli sandstone
E Tadapatri shale F Basic sills
(i Bands of basicsill ~ H Bands in Owk shales
1 Conjugate fractures ~ F Fault
FrFracture SF Scarp face T Dip facet

Figure 6.3.13.1 IRS-1C LISS-III FCC
(432=RGB) of partof Cuddapah basin, A.P.

tural details like faults, fractures could be observed very
clearly. Minor faults (shown as F-F on theimage) could
be mapped indicating shifts in geological formations
(Figure6.3.13.1).

A hybrid image was generated for the area (Figure
6.3.13.2). using LISS-III (4=R, 3=G and PAN=B)
datasets, to have the advantage of higherspatial resolu-
tion of PAN and multispectral resolution of LISS-III. In
this image, even the minute details like banding and
variations withinalithological ~ formationcouldbe
observed clearly. Ithasbeen observed, that, the hybrid
image can withstand scaleenlargementsupto 1:15,000,
whichisuseful fordetailed geologicalmapping.

Figure 6.3.13.2TRS-1C LISS-III+PAN hybrid
image of part of Cuddapah basin, A.P.
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6.3.14 GROUND WATER STUDIES

Satellite data has been proved to be highly useful for
ground water studies and mapping. Using Landsat,
SPOT, IRS-1A and IRS-1B data, prospective ground
water zone maps could be prepared upto 1:50,000
scale. Thelaunchof IRS-1Csatellite, has significantly
boosted theapplication of satellite data in ground water
studies. Thehighspatial resolution of dataobtained from
IRS-1C has been found useful for detailed mapping
upto 1:15,000 scale.

Figure6.3.14.1 shows the LISS-ITT and PAN merged
FCC image of parts of Ranga Reddy district, Andhra
Pradesh. The area is occupied by granitic gneisses,
intruded by dolerite dykes and cut across by anumber
of faults and lineaments. The dolerite dykes form bar-
riers formovement of ground water, whereas, the faults

which cut across them act as conduits for ground water
movement. The  weathered zones within the granite
gneisses, contain limited quantities of ground water. The
tanks seenontheimage asblack patches which form the
surface irrigation sources in the area also contribute
towards recharge of ground water.

The bright red patches located outside the tank com-
mandsarethe grounwaterirrigated crops. By providing
spatial distribution of irrigated crop lands it is possible
to estimate where and how much of ground water is
being tapped forirrigation.Based on this the entire area
canbeclassified intointo overdeveloped, underdevel-
oped and undeveloped zones, indicating the status of
ground waterdevelopment.

D=doleritedyke, T=tank, S=scrubland, F----F=fault, ----—-- =Fracture/Lineament

Figure 6.3.14.1 LISS-IIT and PAN merged FCC image of parts of Ranga Reddy district, A.P.
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6.3.15DIAMOND EXPLORATION

Diamonds are associated with the rarely occurring
kimberlite rock, whichis a particular typeof ~ ul-
trabasic suite and intrudes as volcanic pipes, whose
planar geometry is circular to near circular. A new
kimberlite pipe (2) in Proterozoic Indravathi basin at
Bhejripadarvillage, Baster DistrictinMadhyaPradesh,
has been found recently through interpretation
of IRS-1C LISS-III data (Figure 6.3.15.1), followed

by ground based geological and geophysical surveys.
Besidesthe circular shape and spectral anomaly as seen
onsatelliteimage, it has favourable structural and geo-
morphicsetupi.e., itsnearness to secondary lineaments,
relatively low lying areacompared to the surroundings
and minor drainage turning around the pipe. All these
related geological features, can be better extracted
fromthishighresolutiondata.

Legend

1. Tokapal kimberlite pipe 2. Bhejripadar kimberlite pipe

Figure 6.3.15.1 LISS-III FCC image showing
Kimberlite pipes
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I. IRS-1D PRODUCT CODES

T PR T
A LISS-III PRODUCTS
1.PATH/ROW AND SHIFT TRACK PRODUCT
AREACOVERED : B2/B3/B4 : 141*141Km.

B5(SWIR) : 141*148Km.(Applicableto B/W products)

PRODUCT CODE DESCRIPTION
POL SOM
1.1. B/W PRODUCTS (FOR SWIR BAND ONLY)
STPC00222 STSC00222 1:1m 240mm paper print (1X print)
STPC00224 STSC00224 1:250,000 960mm paper print (4X print)
1.2 FALSE COLOUR COMPOSITE (FCC)
STPC00242 STSC00242 1:1M240mm filmpositive
STPC00252 STSC00252 1:1M 240mm paper print (1X print)
STPC00254 STSC00254 1:250,000 960mm paper print (4X print)
1.3DIGITAL PRODUCTS WITHBIL LGSOWGFORMAT
STPC00267 STSC00267 CCT 6250 BPI
&TPC0026H STSC0026H CRT 525 MB UNIX
STPC0026I STSC00261 8MM Exabyte Tape 5 GB
STPC0026] STSC0026J CD-ROM 650 MB
1.4 DIGITAL PRODUCTS WITHB F
STPC00277 STSC00277 CCT 6250 BPI
STPC0027H - STSC0027H CRT 525 MB UNIX
STPCO00271 STSC00271 8MM Exabyte Tape 5 GB

STPC0027J STSC0027] CD-ROM 650 MB
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1.5 DIGITAL PRODUCTS WITH FAST FORMAT
STPC002B7 STSC002B7 CCT 6250 BPI
STPC002BH STSC002BH CRT 525 MB UNIX
STPCO002BI STSC002BI 8MM Exabyte Tape 5GB
STPCO002BJ STSCO002BJ CD-ROM 650 MB
* In case the scenes are to be shifted, the first two letters of the product code i.e,. "ST" have to

bereplaced with "TR".

2QUADRANT PRODUCTS (12 Quadrants)

AREACOVERED :72*72Km.

2.1 FALSE COLOUR COMPOSITE (FCC) IN VISIBLE BANDS ONLY

QUPC00242 QUSC00242 1:500,000 240mm film positive
QUPC00252 QUSC00252 1:500,000240mm paper print (1X print)
QUPC00254 QUPC00254 1: 125,000 960mm paper print (4X print)

2.2DIGITAL PRODUCTS WITHBILLGSOWGFORMAT

QUPC00267 QUSC00267 CCT 6250 BPI
QUPC0026H QUSCO0026H CRT 525 MB UNIX
QUPC00261 QUSC00261 8MM Exabyte Tape 5GB
QUPC0026J QUSC0026J CD-ROM 650 MB

2.3 DIGITAL PRODUCTS WITHBSQ LGSOWGFORMAT

QUPC00277 QUSC00277 CCT 6250 BPI
QUPCO0027H QUSCO0027H CRT 525 MB UNIX
QUPCO00271 QUSC00271 8MM Exabyte Tape SGB
QUPC0027J STSC0027J CD-ROM 650 MB

2.4DIGITALPRODUCTS WITHFASTFORMAT

QUPC002B7 QUSC002B7 CCT 6250 BPI
QUPC002BH QUSC002BH CRT 525 MB UNIX
QUPC002BI QUSC002BI 8MM Exabyte Tape SGB

QUPC002BJ QUSCO002BJ CD-ROM 650 MB
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3.GEOCODED PRODUCTS

3.1 PHOTO PRODUCTS CORRESPONDING TQ 15' X

15' SOl TOPQOSHEET

G3PC00255 FCC 1000mm paper print 1:50,000 (5x print)
3.2DIGITALP TSWITHBILL T

G3PC00267 CCT 6250 BPI

G3PC0026H CRT 525 MB UNIX

G3PC00261 8MM Exabyte Tape SGB

G3PC0026J CD-ROM 650 MB

3.3 DIGITAL PRODUCTS WITH BSQLGSOWGFORMAT

G3PC00277 CCT 6250 BPI
G3PC0027H CRT 525 MB UNIX
G3PC00271 8MM Exabyte Tape SGB
G3PC0027J CD-ROM 650 MB

3.4 DIGITAL PRODUCTS WITH FAST FORMAT

G3PC002B7 CCT 6250 BPI
G3PC002BH CRT 525 MB UNIX
G3PC002BI 8MM Exabyte Tape 5GB

G3PC002BJ CD-ROM 650 MB
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B. PAN PRODUCTS
1. STANDARD PRODUCTS
1.1 PANFULL SCENE (PATH/ROW AND SHIFT ALONG TRACK PRODUCTS)
AREA COVERED: NADIR 70*70Km.
OFFNADIR 70*90Km.
1.1.1. B/W PRODUCTS (LFFR)
STPC00214 STSC00214 1:125,000 960mm film positive
STPC00224 STSC00224 1:125,000 960mm paper print (1 X print)
1.1.2. DIGITALPRODUCTSLGSOWGFORMAT
STPCO00277 STSC00277 CCT 6250 BPI
STPC0027H STSCO0027H CRT 525 MB UNIX
STPC00271 STSC00271 8MM Exabyte Tape SGB
STPC0027J STSC0027J CD-ROM 650 MB
1.1.3. DIGITALPRODUCTS FASTFORMAT
STPC002B7 STSC002B7 CCT 6250 BPI
STPC002BH STSC002BH CRT 525 MB UNIX
STPC002BI STSCO002BI 8MM Exabyte Tape 5GB
STPCO002BJ STSCO002BJ CD-ROM 650 MB

1.2. PAN QUADRANT PRODUCTS (PAN I/PAN Q)

AREACOVERED: NADIR 36 * 36 Km.
OFFNADIR 36 * 46 Km.
1.2.1 B/WPRODUCT
QUPC00214 QUSC00214 1:125,000 960mm film positive
QUPC00224 QUSC00224 1:125,000 960mm paper print (1X print)

1.2.2DIGITALPRODUCTS LGSOWGFORMAT

QUPC00277 QUSC00277

CCT 61

250 BPI
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QUPCO0027H QUSC0027H CRT 525 MB UNIX
QUPC00271 QUSC00271 8MM Exabyte Tape 5GB
QUPC0027) QUSC0027J CD-ROM 650 MB
1.2.3. DIGITAL PRODUCTS FAST FORMAT ;
QUPC002B7 QUSC002B7 CCT 6250 BPI
QUPCO002BH QUSC002BH CRT 525 MB UNIX
QUPC002BI QUSC002BI 8MM Exabyte Tape 5GB
QUPC002BJ QUSC002BJ CD-ROM 650 MB

1.3.mwmmmmmmummmng

AREACOVERED : NADIR 23.9%23.9Km.
OFFNADIR 23.9%30.5Km.
1.3.1. B/W PRODUCTS
STPC00212 STSC00212 1:250,000 240mm film positive .
STPC00222 STSC00222 1:250,000240mm paper print (1X print)
STPC00224 STSC00224 1:50,000 960mm paper print (5X print)
1.3.2. DIGITALPRODUCTSLGSOWGFORMAT
STPCO0277  STSC00277 CCT 6250 BPI
STPC0027H STSC0027H CRT 525 MB UNIX
STPC00271 STSC00271 8MM Exabyte Tape 5GB
STPC0027J STSC0027J CD-ROM 650 MB
1.3.3. DIGITALPRODUCTS FASTFORMAT
STPC002B7 STSC002B7 CCT 6250 BPI
STPC002BH STSC002BH CRT 525 MB UNIX
STPC002BI STSC002BI 8MM Exabyte Tape SGB
'STPC002BJ STSC002BJ CD-ROM 650 MB

bereplaced with "TR".

In case the scenes are to be shifted, the first two letters of the product code i.e,. "ST" have to




IRS-1D DATA USERS' HANDBOOK

DocumentNo. IRS-1D/NRSA/NDC/HB-09/97 ..
Revision No. 1

Date :  December 1997

Page No. . 166

14_AS_QS_RMRQMLCIS_CIMLQE&QDUQIS_RER.S_CENEJ

(OnlyRadiometric and no Geometric correctlon)

AREACOVERED : NADIR .
QOFFNADIR
1.4.1 DIGITALPRODUCTSL.GSOWGFORMAT
SR0000177
SR000017H
SR0000171
SR000017J
2.GEOCODED PRODUCTS

23.9%23.9Km.
23.9*30.5Km.

CCT 6250 BPI

CRT 525 MB UNIX
8MM Exabyte Tape SGB
CD-ROM 650 MB

. 2.1 B/WPRODUCTS (correspondingto 7 1/2' X 7 1/2' SOI toposheet)

- G4PC00225 B/W 1000mm paper print 1:25,000 (5X print)
2.2 DIGITAL PRODUCTS L F ' ! ! )
G4PC00277 CCT 6250 BPI
G4PC0027H CRT 525 MB UNIX
G4PC00271 8MM Exabyte Tape SGB
G4PC0027] CD-ROM 650 MB
23 ITAL PROD TF i ! !
G4PC002B7 CCT 6250 BPI
G4PC002BH CRT 525 MB UNIX
% G4PC002BI 8MM Exabyte Tape 5GB
G4PC002BJ CD-ROM 650 MB

3.PANPOINT GEOCODED

3.1 B/W PR correspondi S

J5PC00225

1 :12,500 1000mm paper print (5X print)
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C WIFS PRODUCTS

AREACOVERED 810* 810 Km.
1.1 -EALSE COLOUR COMPOSITE (334 COMBINATION)
STLC00242 1:6m240mm filmpositive
STLC00252 1:6m 240 mm paper print (1x print)
STLC00254 1:2m 960 mm paper print(3X print)

1.2 DIGITAL PRODUCTS WITHBIL LGSOWGFORMAT

STLC00267 CCT 6250 BPI
STLC0026H CRT 525 MB UNIX
STLC00261 8MM Exabyte Tape SGB
STLC0026] CD-ROM 650 MB

1.3 DIGITAL PRODUCTS WITHBSQ LGSOWG FORMAT
STLC00277 CCT 6250 BPI
STLC0027H CRT 525 MB UNIX
STLC00271 8MM Exabyte Tape 5GB
STLC0027J CD-ROM 650 MB

1.4 DIGITAL PRODUCTS WITHFASTFORMAT
STLC002B7 CCT 6250 BPI
STLCO002BH CRT 525 MB UNIX
STLCO002BI 8MM Exabyte Tape SGB
STLC002BJ CD-ROM 650 MB

be réplaced with "TR".

In case the scenes are to be shifted, the first two letters of the product code i.e,. "ST" have to-
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II ACRONYMS
AC Alternate Current . FSC Frame Sync Code
ADIF Ancillary DataInformationFile GCP Ground Control Point
AD AnalogtoDigital , . GDQE  Geometric DataQuality Evaluation
AOCS Attitudeand Orbit Control System GPS Global Positioning System
AOS Acquisition Of Signal GT Gain/Noise Temperature
AH Ampere Hour GMT GreenwichMeridian Time
AVHRR  Advanced VeryHigh Resolutjon HDT High Density Tape
Radiometer HDTR HighDensity Tape Recorder
BAS Browse Archival System HK HouseKeeping
BCD Binary Coded Decimal HP Horse Power
BIL Band Interleaved by Line Hz Hertz
BPSK Bi-Phase Phase ShiftKey IDRS Integrated Digital Referencing Scheme
BSQ Band SeQential IGS International Ground Station
B/H Base/Height IMGY  ImagedatafileinUCCT
" B/W Black & White IIMS Integrated Information Management
CcC Cubic Convolution ‘System
CCD Charge Coupled Device IMSD Integrated Mission for Sustainable
CCT Computer Compatible Tape Development
CFRP Carbon Fibre Reinforced Plastic IPS Inches Per Second
DAQLB . Data Archival and Quick Look Browse R Infra-Red
DGPS Differential Global Positioning System IRS Indian Remote Sensingsatellite
DLT Digital Linear Tape ISAC ISRO Satellite Centre
DMCR Dedicated Mission Control Room ISRO Indian Space Research Organisation
DN Digital Number IST Indian Standard Time
DOS Department Of Space ISTRAC  ISROTelemetry, Tracking and
DPGF DataProducts Generation Facility Command Network v
DPS DataProcessing System JPEG Joint Photographic Experimental Grou
DQE DataQuality Evaluation KHz KiloHertz
dB Decible Km Kilometre
dBm Decible-milliwatt Lat Latitude
dBw Decible-watt LAN Local AreaNetwork
deg Degree LBT Low Bit rate Telemetry
ECL ~  EmitterCoupled Logic : LCC Lambertian Conformal Conic
EM Electro-Magnetic ' Projection
EOM Electro-Optic Module LFFR Large FormatFilm Recorder
EOF End OfFile LED Light EmittingDiode
EOL End OfLine : LGSOWG Landsat Greund Station Operators
FCC False Colour Composite Working Group
FM Frequency Modulation LISS LinearImaging and Self Scanning
LossofSignal )

'
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LSB
LTC
LUT
Long
MAR

"MCR
MB
MCC
MFPH

MOS
MSB
MSMR

NRIS
NRSA
OBTR
OCM
OSR
PAN
PC
PCT
PCM
PM
Pol
PPS
PR

PS
PSLV
PSK
PSM

LeastSignificantBit

Light Transfer Characteristics
Look-UpTable

Longitude

Mission AnalysisRoom

Mission Control Room
MegaBytes

Mission Control Centre
Multi-mission Frontend Processing
Hardware

MegaHertz

Modular Opto-electronic Scanner
Most SignificantBit

Multi Frequency Scanning Radiometer
millisecond

Modulation Transfer Function
milliwatt

Newton

Neutral Density

Narrow Band

NRSA Data Centre

Near InfraRed

Nearest Neighbour

National Natural Resources
Management System

Natational Resources Information System
National Remote Sensing Agency
On-Board Tape Recorder

Ocean Colour Monitor

Optical Solar Reflectors
Panchromatic

Personal Computer

Photo Compatible Tape

Pulse Code Modulation

Phase Modulation

Polyconic

Payload Programming System
Programming Request

Polar Stereographic
PolarSatelliteLaunch Vehicle
PhaseShiftKeying

Payload Steering Mechanism

QAS Quality Assurance Scheme
QC Quality Control

QHS Querry Handling System
QL Quick Look

QPSK  Quadrature Phase Shift Keying

RAID Redundant Array of Inexpensive Disks

RCS Reaction Control System s
RDQE Radiometric DataQuality Evaluation
RF Radio Frequency

RHC RightHand Circular

RMS RootMean Square

RNRZ(L) RandomisedNon-ReturntoZero (Level)
RNRZ(S) Randomised Non-Returnto Zero

RPM RotationsPer Minute
RRSSC  Regional RemoteSensing Service
Centre ,
RSS Root Sum Square
RST Raw Star Sensor
SAC Space Applications Centre
SAT Shift Along the Track
S/C Spacecraft .
SCC Spacecraft Control Centre
SCR Silicon Controlled Rectifier |
SI-EOSAT Spacelmaging - Earth Observation ‘
Satellite Company
SNR Signal to Noise Ratio
SPS Satellite Positioning System
SOM Space Oblique Mercator
SOI Survey ofIndia

SWIR *  Short WavelInfraRed
SWR Square Wave Response

TC TelecCommand

TCG Time Code Generator -

TCT TimeCode Translator

TRAI Trailer filein UCCT

TIU Telemetry Interface Unit

™ Thematic Mapper

TTC Telemetry, Tracking and Command
TWTA Travelling Wave Tube Amplifier
ur Universal Time

UM Universal Transverse Mercator

UCCT User Computer Compatible Tape -
WiFS ~ WideFieldSensor
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IIL PRODUCT SUPPLY AGREEMENT

This agreement covers the sale of any Satellite data from .
the NRSA Data Centre (NDC), Hyderabad, India.

SECTION 1: Data orders

Satellite data may be ordered by the Purchaser at the ,

prices,payment and delivery terms established from txme

to time by NDC.

* The order will be entertained only when the
required information is given in full.

* The order may be submitted on forms provided by
NDC. The orders may be made by fax, E-mail or
by letter post. The Purchaser may also use its own
forms, but any terms and conditions they contain

are of no force or effect. ,

- * NDC reserves theright to accept orrejectany
order from the Purchaser in full or part. NDC shall
also be entitled to provide partial deliveries.

* Once the order complete in all respects is received

and processed by NDC, a confirmation letter is
sent to the Purchaser within 7 days from the date of
receipt of complete order.

* Orders once processed and confirmed cannot be
amended or cancelled unless technical problems
surface during generation.

%

SECTION 2: Price s

The price applicable for each product, is the one in
effect on the date of confirmation of order at NDC.

NDC publishes a price list for all types of data prod-
ucts from time to time. The prices are listed either in
Rupees or in US$ and exclude any taxes, custom du-
ties, insurance fees and delivery charges.

SECTION 3: Payment _

*  All orders must be accompanied by full advance
payment for processing to be initiated.

* Payment may be made by telecreditinUS §
payable to ANZ GRINDLAYS Bank, Account
No. Madras 001313.00001 Chips 232293 for
Credit to NRSA, Hyderabad, India.

Indian users may pay by means of a Demand Draft

drawn in favour of National Remote Sensing Agency, '

Hyderabad

* * For EOSAT orders, payment may be made by

EOSAT based on the monthly invoice sent by NDC.
Payment may be made in the name of Antrix
Corporatlon Limited, through Swift transfer to

Canara Bank Account at Chase Manhattan Bank,

- New York, USA Account No.#001-1-395969,
U1D CHIPS 107777.

SECTION 4: Confidentiality of Satellite Data
Purchaser acknowledges that the Satellite Data is a spe-
cial, valuable and unique asset of NRSA and that Sat-
ellite Data is confidential information which is disclosed
in confidence to the Purchaser and purchased only for
his own internal purposes. NDC retains the right to sat-
ellite data and therefore;
* The satellite data shall not be loaned, reproduced or
- exported or given access to any person for any
purpose except to Purchaser’s employees,
affiliates and consultants for purposes directly

related to Purchaser’s authonzed use of the satellite

data.

* The customer acknowledges the copyrlghtable
character of satellite data under the legislation and
conventions concerning copyrights, Accordingly,
the customer acknowledges the NRSA -
ownership (including ownership of copyright and
intellectual property rights) of satellite data.

* Purchaser agrees to take appropriate action with
any person permitted access to satellite data for the
purpose of satisfying the obligations under this
agreement, including measures to prevent
inadvertent disclosure.No customer may claim
exclusive use of any NRSA satellite data.

* Purchaser agrees to use, translate, enhance or
display the satellite data purchased only for its own
authorized purposes directly related to the
Purchaser’s link of activities/ business.

* s
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SECTION 5: Limited Warranty

* NDC warrants that the Satellite data it provides w111
cover the area of the Earth and spectral bands
specified in the Purchaser’s order and will be
radiometrically or geometrically corrected if
requested in Purchaser’s order,subject to specified
accuracy limits. NDC’s warranty is limited to

replacement of the data if deemed to show faulty
workmanship.

* The purchaser is responsible for any use of the data
products purchased from NDC and NDC has no
liability or responsibility for the fitness of the
products for any particular use. NDC shall be held
blameless for any change in the availability of
satellite data.Consequently, the purchaser waives
all claims against NDC resulting from any
use or planned use of the satellite data.

* NDC warrants that the media used to carry the data
shall be free from defects in materials and workman
ship under normal use for 90 daysfrom the date of
despatch to Purchaser.

SECTION 6: Complaints and Inspection:

No complaint related to the quality and/or quantity of

the satellite data products will be entertained unless the

complaint is lodged at NDC in writing within 90 days

from the date of despatch of the satellite data product.

* On acceptance of the complaint, products can be
returned to NDC/EOSAT aﬁer confirmation by
NDC/EOSAT.

* NDC may refuse to accept th_e complaint as long as
the customer does not fulfil his obligation.

* Iftherejeetions are accepted by NDC, all attempts
will bemade to provide similar / equivalent data

products.

* If similar/ equivalent data products could not be
provided,then, the purchase price will be refunded.

* The replacement or refund shall be the Purchaser’s
exclusive remedy for any delivery ornon-delivery

of satellite data.
* NDC'’s liability for damages to the Purchaser for
any cause whatsoever, shall not exceed the purchase
price paid by the purchaser for the defective .
satellite data. :

SECTION 7: Mode of delivery :
* Periods of delivery shall commence upon despatch
of order confirmation from NDC.
* The period of delivery shall be extended by a
reasonable time, if unforseen obstacles arise
(e.g. force majeure, public measures, seizures,
riots, labour disputes of any kind, operational
troubles, delay in delivery of raw materials).
In important cases, NDC shall notify the customer
as soon as possible of the beginning and end of
such obstacles.
* Compliance with the period of delivery presupposes
fulfillment of the customer’s contractual obligations.
* In general, all data products will be despatched by
Speed Post and separate delivery charges are not
made.
* If specifically requested, the products can be
. despatched byDHL courier on ‘Freight to Collect
basis”.
* The customer is responsible for payment of all taxes
or customs duties.

- SECTION 8: General

Supply of satellite data products are governed by these
general terms. No contrary terms and conditions of
the purchaser are binding on NDC. None of the terms -
can be cancelled or waived, except by a written agree-
ment signed by both parties. The undersigned has ac- .
cepted the General Terms and Conditions listed above.
Any modifications of and amendment to the General
conditions and of the other contractual agreements shall
only be valid if made in writing.

Signature:

Name:

Organisation:

. Date:




