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1 INTRODUCTION

ASAR

1.1 BACKGROUND

ENVJSAT·l• Project

1.2

1.3

1.4

The ASAR Generic Processor (ASAR-GP) is responsible for the processing of v
of High Rate ASAR signal data :refem!d as Regional mission and Low rate ASf sf.gnal
data referred as Global mission to fonn various output products. I .

This consists primarily of processing image modes signal data (image mode al~m~ting
polarisation mode, wide swath mode, global monitoring mode, wave mode) to ,,mt- dif·
felent required scene products defined in Applicable document 3. 1

The ASAR GP is to be installed in PDHS (I<inma and ESRIN) and to be procured bv *ACs
and National Stations (NS-E) offering services to ESA standards. I '

I

SCOPE ~I
This document states the detailed requirement specifications for the processing an the
quality of the products to be generated by the ASAR <;iP.Applicable documents ~sted
in Section2. i !

I
I

ASAR instrument design implications ~1 j
The starting point in deriving processing schemes for ASAR is to consider R
instrument high level designs aspects and their implication for processing. In p ·-~.·~it
is useful to identify the features of ASAR which are significantly different from e;l
s~ '!

• ASAR includes an active phased array antenna that provides distinct tr ·~and
receive beams r

• ASAR includes a complex calibration scheme with 4 calibration pulses emb d~ in
the instrument mode timeline to provide instrument dependant correction ac~rs

• ASAR includes digital waveform generation for pulse ("chirp") modula n ~ith
mode and swath dependant variable bandwidth ,

• ASAR includes a Block Adaptive Quantisation scheme I

• ASAR includes SCANSAR modes t
• ASARincludes an E-...1 Ouu:acterisation schemewith a Ground recei er ~ be

used as part of the internal calibration corrections in the ground processor I

IACRONYMS
ASAR GP"" ASAR Generic Processor
AP ""Alternating Polarisation
GM= Global Monitoring (Mode)
WS =Wide Swath
IM =Image Mode
PDS = Payload Data Segment
PAC ""Processing and Archiving Centre
LRAC .•••Low Rate Archive Centre
PDHS ""Payload Data Handling Centre
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PDHS-E ""'Payload Data Handling Centre F..SRIN
POHS-I< •Payload Data Handling Centre KIRUNA
FD ""Fast Delivery
NRT"" Near RealTune
DRS =Data Relay Satellite
ISP ""Instrument SourcePackets
PCD =Product Confidence Data
MPH""'Main Product Header
SPH =Specific Product Header
OGRC= On Ground Range Compressed
RCMC•Range Cell Migration Correction
TBD "'To Be Defined
TBC ""'To Be Confirmed

1.5 REFERENCEand APPLICABLE DOCUMENTS

1.5.1 Applicable documents
[A -1) PO.WS.ESR.GS.OOOlEnvisat-1payload data segment Development S.O.W. (Appendix 1

-In-A0/2-1383/95/NL/CN}

[A- 2] PO-RS.ESA.GS.0239Envisat-1 payload data segment TechnicalRequirements.(Appen
dix 1-Annex D-ITT-A0/2-1383/95/NL/CN)

[A- 3] PO-RS-MDA-GS-2009Issue 3 Envisat Product Specifications

[A - 4] PO-RS-ESA-GS-0242Issue 5Nov1996Envisat Product Format Guidelines

1.5.2 Reference documents
[R-1) PO-RS-OOR-SY-0029Mission prime assumptions on ENVISAT-1ground

segment

[R- 2] PO-PL-MMS-SR-ooo4 Envisat-1ASARcalibration and characterisation plan (issue H
May1996)

[R • 3] PO-ID-DOR~SY-0032 issue 3 January 97Bnvisat1 payload to ground segment interface
control document Volume 5

[R- 4] P0-1N-MMS-SR-D248 Issue BDec 96 Envisat ASARInterpretation of Source Packet
Data

[R- S] PO-ID-OOR-SY-0037(issue 1 June 96) Definition of instrument characterisation data
base

[R- 6] PO-DW-MMS-SR-0018/19 /20/21/22/23/24 issue H nov95 ASARModes Timelines

[R - 7) PO-IS-GMV-G5-Q558 Envisat Orbit Propagator PPP_orbit version 4.2

[R- 8] DMA-lR-8350.2 World Geodetic System 1984Its definition and relationships with local
geodetic systems

[R- 9] i:BAQ Extended Study TechnicalReport Volume 1 of 3 Image mode study Ref. MDA
DC-!N-50-6904

ENVJSAT·1- Project
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2 DEFINITIONS

For the sake ofclarity and preciseness in the requirements to followa number of deimuaons
are listed below.

Imago Mode. · I~·
In image mode the flexibleswath position allows the choicebetween seven swa1 c er
ing a range of incidence angles from 17 to 45 degrees. The choice between HH o po·
larisation is possible.

i
Altemating PolarisationMode 1

In alternating polarisation mode a sc:ansa.rtechnique described in Reference D~ai·t 6
allows half the looks of an image to be acquired in horizontal polarisation lfii an h the
looks to be acquired in vertical polarisation VVso that in a single pass an image in• po
larisation and an image inVVpolarisation will be acquired from the same scene.Tt-:J ode
is referred as co-polar mode.
Additionally two aoss-polarisation sub-modes have been introduced:
• cross-H Mode where all Tx pulses are in H polarisation.The receiver

between H and V polarisations in blocks as in current Alternating Po
Mode.

• cross-V Mode where all Tx pulses are in V polarisation.The receiver
between H and V polarisations in bloc.ks as in current Alternating Pol
Mode.

In Alternating polarisation mode the flexibleswath position allows the choice
en swaths covering a range of incidence angles from 17to 45 degrees.

2.1.3 Wide. swath mOde

In Wide Swath mode using the SCANSARtechnique ASARcan switch very q*~·.ber
tween Subswaths. so that an overall swath ofmore than 400 km width can be im
The choicebetween HH or VVpolarisation is possible.

2.1.4 Global Monitoring Mode
This mode is a sc:ansarmode operated in the same geometry as the wide swath tdt but
with a reduced spatial resolution (lOOOmapproximately) to allow on board stora °f the
measurement data and possibly up to lOO°Ai orbit operation. 1The choicebetween lffi or VVpolarisation is possible.

2.1.5 WaveMode .
The wave mode is a singlemode operated up to 100% of the orbit with the follo4g ~-

ENVISAT·l • Project
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2.1 ASARmodes of operation
A schematic illustrating ASARdifferent modes is given document figure 1.

2.1.1

2.1.2
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acteristlcs: 100Ian separation between vignettes, viptt:e positioned anywhere within an
Image mode swa~ twovignette positions may be defined for eachmode (in one swath or
in different swaths)
The choicebetween HH or VVpolarisation is possible.

2.1.6 Externalcharacterisation mode
The external characterisation mOdeprovides absolute cah"brationmeasurements by trans
mitting on each of the 32 elevation rows of the antenna according to a predefined
sequence
Additionally some internal calibration measurements are made simultaneously in order
to provide comparative values.

2.1.7 Module stepping Mode (auxiOarymode)
Module stepping mode provides an intemal health checking facility on an individual
Transmit Receivemodule basis. The purpose of the mode is primarily to identify any
malfunctioning modules to allow them to be switched-off if ~essary, and to identify
modules for which calibration offsets are to be applied.

ENVISAT·l·Project
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2.2 ASAR Generic Processor
The system which is responsible for the following;
From Level 0 data
• processmg narrow swath mode signal data to image products
• processing altemating polarisation mode signal data to image products
• proc:essing systematically all.ac~ data(JM,AP,WS,GM)to low resolution com

pressed image product for browse purpose only
• proces.sing systematically all acquired data at PDHS from narrow swath mode,

alternating polarisation mode and wide swath mode to medium resolution image
product far NRT applications

• processing low Rate Signal data coming fromWavemode, Globalmonitoring mode

2.3 INPUTPROCESSINCPPARAMETERS
The input processing parameters are a base set of pl'O(eSSing parameters from which all
other control parameters necessary for proper ASARGP operation can be derived.
~ are further distinguished as:
• fixed parameters (ASARsensor parameter&described in ReferenceDocument 5);
• downlinlc parameters (extracted from the downlink data and available in LevelO

product);
• product generation parameters (updated for each product generated).
• external characterisation data (generated by FSA from the data :received on a

ground receiver built-in ASAR transponders when the instrument is in external
characterisa.tionmode)

• external calibration data (external calibration scaling factors mode and swath
dependant provided by ESA)

• other parameters: orbit data, Earth model, YawSteering Law Identifier

A functional breakdown of the overall processing data flow is given document figure 2

ENVISAT·l • Project
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2.3.1 FIXEDPROCESSINGPARAMETERS
The b\strument data are meuured on ground befoie launch and are provided via the char
acterisation data base Reference Doc:wnent 5.

2.3.1.1 Pararnatan fixed for the lifetime of th• instrument

PARAMETERS VALUES ACCURACY UNflS I NOTE

Radar Fiequency 5.331 •/-lOOHz GHz I 1
Radar Sampling Rate 19.208 2ppm MHz I 2
Offset .frequencyfor wave document [R- SJ 13
mode cahbration pulses

Nominal values ol amplitude I document [R.• 5] I I 14
and phase of calibralion pulRs
1,1.A,2.and .3

'IWoway Antenna Azimuth docummt [R.·SJ I I Is
Pattern

Range gate bias document [R- S] I I 16

AOC characterisation L'UT document [R- 4) I I 17

Antenna embedded row pat· document (R• 4) I I 18
tern document [R- 5)

table 1 : Fixed Processin~Parameter
Notes:

1. The ASAR centre frequency is different from ERS1/ERS2. centre frequency

2. Thi$ i$ the c:omplex sampling rate; each sample has a real part and an imaginary part.

3. Because of Data Rate limitatiol\ ASAR use a CW signal for calibration pulses in wave
mode

4. To be used for ground processor internal calibration and performance monitoring ap
pendix B

S. The antenna pattern is supplied (prior to launch) to ASAR GP in a form of a file or pol
ynomial coefficient

6.Time delay of a pulse through the instrument.

7.ADC characterisation LUT consisting of measured voltage threshold values for both I
and Qchannels on the real non-ideal ADC. The UIT is used to estimate the output voltage
level as per Reference Document 4.

8.This is the gain and phase of each antenna row when embedded .inthe array as a function
of elevation angle .They are used in the internal calibration function described appendix B

2.3.1.2 Parametersftxed for the Instrument baseline
Tables assumed to be fixed. for the lifetime of the instrumenl Nevertheless it is possible to

ENVISAT.J • Project
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2.3.1.3

modify the inatrument settings by macro-command. so that these tables are no lo~ val
id. In this case the tables have to be updated accordingly.

document [R - SJ
document CR - 6J I I I

1.Default BAQ:Reconstructionlevel associatedwith the default BAQLUTstoredt
the data Subsystem
2. Quantisation type for Echo,Calibration, Noise data and resampling subswath
wath when applicable
3.The swaths, subswaths corresponding to Antenna beam Setparameters are pro .I
ble by macrocommand from the ground !
4. During the initial calibration sequence the row number parameter is not upda . d ·
source packet data field header. This iswhy a knowledge of the order in which th.
tion rows are stepped is important. :

LI I i
Parametersdefined for the reference orbit and the instrumentbaseline ! '..1

The parameter values have to be modified when the satellite is in an orbit diffe t ~om!
the reference orbit. They depend on the swath, subswath and mode.

' 11'

UNITS I Norel I I I_...
I

1

2 r
~

degree I 3
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Date : 1 July 19911
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PARAMETERS I VAWES I ACCURACY I UNITS I NOTE

Default FBAQreconstruction- documant (R • 4) I I I 1
LUT

Instrument mode data proceu- document (R - 4) 2
ing configurationTable

default swath identification document [R- 4] I I 13
table

calibration row sequence table document (R- 4) I I 14

PARAMETERS

document [R • 1}

VALUES ACCURACY

Pulse wind.ownumber I 9 to 14
Referenceelevation angles parameter C26of I exact

document [R - SJ

Center of swath elrvation
angles

151"'16.6
152"'20.ll
153/552--25.22
IS4/SS3c29.46
ISS/SS4=32.8
IS6/SS5=35.58
157=38.0
SS1=19.14

Retum time for the sc:ansar
modes
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1. This value is the number of pulse repetition intervals between transmission of pulse and
receipt of the return from that pulse

2. Reference value used for internal calibration in the ground processor
3. Used for swath definitoris, these values are taken from ASAR Instrument Requirement
Specifications

2.3.1.4 ASARantenna elevation pattern
The ASAR two way antenna patterns for SS1,IS1,IS2)53,JSUS5)56,I57 will be c:hara.cter
ised on ground before launch and will be provided as part of the instrument c:ha.racterisa
tion data base Reference Doc:wnent 5. They will be updated as part of the External
calibration activities described Section 2.3.5

2.3.1.5 Other parameters of the Instrumentcharactwrltaflon data base

For the seek of completeness the other parameters of the instrument characterisation data
base are listed here under.

• Update ~eriod for Complete Row Cycle Calibration
• Update Period for Noise Measurement
• Number of Samples per Pulse
• Duty Cycle in OGRC Modes
• Otirp Bandwidth (OGR.C)
• Pulse Rise and Fall Tme
• Reference Elevation Angle
• Calibration Loop Paths Cl\aracterisation Factor
• Peak Power - Two Way Gain Product of Instrument in Image Mode
• Peak Power - Two Way Gain Product of Instrument
• Auxiliary Transmit Power Monitor Nominal Level
• I & QOumne1 DC Offset
• l/QRati.o
• Non-orthogonality between I &Q
• Receiver Step Attenuator Characteristic
• Antenna pointing :nominal wrt Nadir
• Second LocalOscillator frequency

ENVJSAT-1 • Pi'ojut
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2.3.2 DOWNLINK PROCESSINGPARAMmRS i

Parameters detailed definition and default values are given in Refexence Document~

PARAME'JSS VALUES ACCURACY UNITS NOTE

mode ID 0

antenna beam set number 0 to 6.1 1

Pulse '.RepeHtion lnt8Val(PRI) PRP•l/PRI Hz 2
• 1580-2.150

On Board Tune (epoch of 200 micros. 3
received range pulse)

Sampling Window Start Tllne Reference sample 4
Oocument4

Tx pulse length 11.6-41.3 fLS 5

TxPulse Bandwidth 0.4 to16 MHz 6

Echo window length: parameters 2ppm 7
echo data definition and sample
cal data

range given
samplein RefetC\ce

noise data Document4 sample
Upconvertet level 8

Downconverter Level 9
(Receiver Attenuation)

Auxiliary transmit monitor
Ilevel
I

Beam Adjustment Delta 10 I

!Calibration row number 11

source paclcet number 12 ·~
Echo, noise, CYt calibration data 13
flag

Tx Polarisation (V /H flag) 14
Rx Polarisation (V/H flag)

Mode packet count lS

Cycle packet count 16 i
ICompression Ratio 17 'I

CahbratiOl\ JYpe 18 I
Global Monitoring Mode Resa- 19 I
mpling Factor

I
I

I I

'

ENVISAT·l • Project
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table 2 ;DownlinkPromsin1 Parameters
~
O.Defined Reference Document 4

1.This parameter is indicating the beam set to which the packet data applies. This param~
ter will be updated during an operatir1g mode

2 PRP defined .by the pulse repetition intenal, in sunple clock interval

2. S. and 6. For PRF, Tx pulse Jenith and Tx durp, respectively will be updated simultane
ously. An approach called Hfi.xedPRF modes" is used:
- when any mode is entered the PRf for each individual swath or subswath will not be
changed for the duration of the commanded mode (Requirement of PRF change for round
orbit operation will be managed by the ground segment operations in the form of limited
znode operation on certain part of the orbit)
- the transmit pulse length for each individual swath or subswath will always remain con
stant (the operational procedures to ensure that the pulse lengths are compatible with in
strument operations will be implemented in the groun~~ent)
- there will be a smgle ampNo parameter for each swath subswath

3. Absolute error in the epoch time will cause the processor to use the wrong orbit
ephemeris data.

4. This value will be updated at nominally fifteen second intervals during an operation
mode for each beam set . Samples at sample dock frequency given document table 1.

6.The chUp band.width will be in the rmge 0.4Mhzto16 Mhz,the precise value is given by
the chirp pulse bandwidth codeword in the source packet Data Field Header described in
Reference Document 4
7. Different echo window length for Echo Noise or Calibration data. Samples at sample
cloclc frequency given document table 1.

8. and 9. values supplied and not updated during amode

10. Parameter describing the delta phase shift applied for beam adjustment Will be updat
ed durlng an operation mode

11.0efined Referenc:e Dorument 4

12. I:nfonnation used to check missing data

13. Indicates if the packet conbrlns echo calibration or noise data respectively

14. transmit respectively receive polarisation of the source packet

13.Defined Reference Doc:ument 4

15. Mode packet count = counter reset to zero only on entry into an operation mode and
wraps around when full

16. Cycle paclcet count= parameter updated during an operating mode

17. Compression ratio,.. compression ratio used in quanrtisation averaging mode (8/ 4,8/
3,8/2)

18. Cah"brati.onType = indicates Initial ailibration or Periodic C~ation

ENVISAT·l• l'nject
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!
2.3.3 PRODUCT GENERATION PARAMETERS

PARAMETERS lYPICAL values UNITS NOE

Processing Mode procasing for narrow swath image mode
i(PRl,SLC,GEC)

proceMfng alternating polarisation. mode
(PIU.SLC,GEC)
Stripline processing to Mediwn resolution
for wide swath mode, image mode, alter·
rutting polarisation mode
Striplin• proces.m.g to Bl'Owsefor wide
swath mode, image mode, altemating
polatisalian mode ,Global Monitoring

stdpline processing for global monitoring
mode

pmcessing for wave mode

Product type see document [A· 3] i I

Raw DataAnalysis flag Yes or No descn"bed appendix A I

Antama elevation correction Yesor No
I

Flag

Slant range to ground range Yes or No
I

I

projection flag I

Azimuth weighting factor To Be Optimised to achieve required pl'Od· I

uct Quality defined section 4
I

To Be Optimised to achieve required prod-
I iRange weighting factor I

uct Quality defined section 4 I
Range Look bandwidth To Be Optill'liHd to achieve required prod-

I I
uct Quality defined section 4.Nominal val· i
ues are given section 4

!
I

Replica pulse ClOX'IStruction from intemal calibration appendix B 21
nominal output pixel spacing sec:tion4
- slant range I- ground range I

I
·azimuth

Number of range looks To Be OpHmised to achieve required prod- 3
uc:tQuality defined section 4

I

Number of azimuth looks To Be Optimised to achie\>e required prod- 31 I
uet Quality defined section 4

I I
Azimuth Look Bandwidth To Be Optimised to achieve required prod- I

Iuct Quality defined eection 4. Nominal val-
ues are given section 4

I
I

I
I i

ENVISAT·l • PnUeci I
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PARAMETERS ,~~ I lK'JfTS I :OTE
Default raw data correction
parameters:
•I bias no
.Qbias 0.0
. IQ gain imbalance 1.0
•IQ quadrature departwe 0.0

table 3 Produd Generation Parameters

Notes:

1.see product definitions and specifications

2. it!e document [R - 2]

3. Not applicable toMedium resolution and Browse products

4. Raw data correction are described appendix A

2.3.4 EXTERNALCHARACTERISATIONDATA
External Characterisation Data are determined at the beginning of ASAR operation and
thereafter updated at regular intervals (typically 6 months).

Extemal characterisationpa.rameters shall be used by the Ground Processor as part of the
internal cah"bration processing correction described appendix B.

External characterisation is a dedicated mode within ASAR performed overflying a receiv
er setup for H (or V) polarisation) located on the ground (built in the ASAR Transponder ).
During the mode ASAR transmits a sequence of pulses from each antenna row in turn.
These pulses are received and digitized on the ground and the data recorded for off line
analysis in the Engineering Calibration Computer. Simultaneously during the mode the
cah"bratio:nloop in the instrument is used to couple transmit pulses which are then sampled
within a calibration window in order to provide comparative values.

ENVISAT·l • Project
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EXTERNAL CALIBRATION DATA I

External cah"brati.on ls perfonned byESA.against three calibrated Transponders ~.1t~ be-1I
ginning of ASAR operation and thereafter at regular intervals specified as ~ l st 6.
months. The Exlemal ~ration Scaling Factorwill be provided. to the proceT the!.
End of the ASAR Commissioning Phase and shall be annotated in the product. .

1
!

i

In flight elevation antenna pattern estimate will be performed byESA using natur+.i t.Lgets[
with lcnown properties like the rain forest. ' 1 1

The In Flight elevation Antenna pattern estimate will be provided to the proces~or ~ the!.
form of a file or polynomial coefficients and will be used to perform antenna ~ti<f' ra-l
diometric corrections. , '

The antenna pattern used for antenna pattern radiometric correction shall be annbta+d in!
the product.
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DEFAULT- ,~ ,~ I co<nS I~Complex loop paths Character- I• ~ •1
tsation Factors relative to free

11

space B,.,
n is the index of the row n==32
p is the index of the polarisa-
tion(HorV)

Antenna pointing error 6.P1 Io I I 12

table 4 External characterisation data
Notes:

1. g,.11 is a measure of the departure from the ideal responses for the calibration ~~
the path &om the calibration coupler to the antenna faeetfor ~ different rows d\jent
~-~- I

2. AP1 elevation pointing error (instrument contribution)

2.3.5

I
!

"
I

'jl I
iI !N'VISAT·l• Projed I
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PARAMETERS VALUE ACCURACY UNllS NOTE

Extemal Calibration Scaling TBD none
factor (mode /swath/polarisa-
tion dependant)

In flight antenna patterns esti- TBD
mate

tabl1~ : Enema• fd!!libraUsmdata
Notes:

1. The in .flight antenna pattems are supplied to ASARGP as a file or polynomial coefficient

2.3.6 OTHERPARAMm~
• ORBIT OATA:Th.e five consideied orbit state vector sources axe listed hereafter in

order of time availability but also accuracy from the earliest predicted to the best
restituted:
the FOS predicted orbit state vectors (NRT processing)
the DORIS level 0 navigator product acquired at PDHS (NRT processing)
the FOS restituted orbit state vectors (off-line processing)
the DORIS preliminary orbit (off-line processing)
the DORIS level 2 Predse orbit (off-line processing)

The instnunent ground processing software uses the orbit propagator software module and
an orbit state vector as input to compute all along the orbit the satellite position with other
geometrical parameters (i.e range), for a given UTC time, within an earth fixed :reference
frame.

The Orbit state vector is a data structure containing 8 elements described in [A • 41 and
iecalled hereafter.

gble6 Qrbit stat! Iedor

Field Bytes 1Jpe Description

UTC 25 char UTC time of ascending node stab: vector

~UTl 6 char L\UTl • UTI - UTC. Format: ;: .•xnx
Example: ••9430

x 4 long X position in Earth-fixed reference frame. Unit in 10-2m
y 4 long Y position in Earth-fiiced reference frame. Unit in 10-2m

z 4 long Z position inEarth-fixed reference frame. Unit in 10-2m

ENVISAT-1 • Project
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ESAwill provide as CFIsoftwue: I
1

~~ ~ i- GENOPSsoftware & PPFORB(ReferenceDorument 7)ingestDORISN~ G TO
- PPPORB ingest FOS predicted State Vectors to produce State Vector t a use~
requested time i

I

For Off Llne: i
- INTERPOL software & PPPORB lngat DORIS preliminary or p~ it o~
:6SOCrestitutecl to produce Stab!Vectorat a user requested time I I

• EAXIH MODELWGS84assumed ellipsoid defined by Length of sellli jjo axisj
flattening factor ReferenceDocument 8. I I

Project"ENvtsAT-1

llble6 QrbH &t:IB !ectot

Ix~:14 Bym lw.7 I -~
X velocity U.Banl>-flwl-..... fume. Unit
in 10-s mis

Yvelocity 14 I Jong I Y velocity in Eanh·fixcd reference frame. Unit
in 1Cl"5mJs

Zveloeity 14 I Ione I Z velocity in Banh-ftxed reference frame. Unit
in 10"5m/s

table 7 Earth mocielpapmeters

Parameter value

Semi major Axis 6378137m

Flattening Factor 11298.257223563

• Steering law identifier. if any change during lifetime of the instrument

ENVISAT·l• Prvjeci
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3.1.2 striplne processing
Whenever systematic processing of a data segment is performed, the resulting product
segment shall be processed and fonnatted sucll that it provides no discontinuity in geom
etry and radiometry along and aaoss the processed data segment

' ) I Geolocation information and awdliuy data shall be such that users can request extraction
of any part of the product segment by znultiple of the predefined. scene size without any
framing constraint on the along track position of the scenewithin the segment.

~)
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3 ASAR PROCESSING REQUIREMENTS

3.1 DEFINmONSof ASARProcessing Parameters
3.1.1 Lovel0 product

As defined in applicable document [A- 2].

3.1.3 Doppler centroid estimate
This is an estimate of that frequency in the Doppler frequency spectrwn whirl\ has maxi
mum signal power. Due to the geometry and earth rotation this value varies with slant
range. It can be estimated towithin a PRFambiguity by an exam.inationofDoppler spectra
data attitude information or a Doppler ambiguity estimator is nonnally used to solve the
ambiguity issue.

3.1.4 Doppler ambiguity estimator
When the attitude information is not precise enough or not available to settle the ambiguity
issue, aDoppler ambiguity estimator may be used. The estimator uses the offset of the cor
relation peak after correlating two looks in the range clirectl.on.This estimator's perfonn
ance is tenain dependent and is known to be ineffective over water areas or areas of low
contrast

Pointtarget misregistrafion

Absolute Point Target GeomelricMisregistration
This is themisregistration ofa point target's energy from its assumed zero doppler location
caused by approximations in the SARprocessor. The zero doppler location of the point tar
get is specified.in term of its zero doppler range time and zero doppler azimuth time.

The absolute misregistration is the zero doppler range and azimuth time differences be
tween the measured and expected location of the point target. Mistegistration due to orbit
data and terrain height error is not included..

3.1.5.2 RelativePoint Target Geometric misregislration
'Thisis the i:elativemisregistration between two point targets. It is calculated by substrac:t
ing the absolute misregistration of the two point targets.

3.1.5

3.1.5.1

ENVISAT·l·Project
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The point target linearity is measured by the coefficientof correlation of the regnilsiqn of
output point target peak power over input point target power. It is measured.-wtruil the
point target linear output dynamic range.

Pointtarget lnear output dynamic range ! t
The point target linear output dynamic range is the range of the output powers ov r lch
processed point target peak power is linearly proportional to input point target ~w .

'
SARproceuor gain 1 t I

SARprocessor giUn is defined as the :interceptof a linear regression of point tarJt p wer[
(measmed in dB)output over point target power (dB)input to the processor. i I

I
RangeCell Migration Correction Artifact I ~ i

I ITheRCMCartifact is the spurious compressed energy that appears on either side ,fa om
pressed target. It occurs as a result of amplitude modulation in the corrected ~~~..E.~~l
tory introduced byRCMCoperation. l f

Missing Range Lines , ~' ,
Amissing range line is detected when the line number increments by two or moJ A · ,i

ing range line may also be detected when an incorrect number of fraxnes comp · ,, g ,
range line has been received. I , !

3.1.11.1 Definition Of phase preserving processing; I l I
The processing shall be phase preserving, which means that the following req\1ir+ent4
shall be observed: I* i

I !
1) The azimuth reference function (when represented in the time domain) m ' t ve i$.
phase equal to zero at its zero Doppler point {timeorigin) and must not be n~ · tq
the phue at Doppler centroid. 1

1
i

2) The signal spectrum must not be shifted (i.e,no baseband conversion applie~). F tht
uimuth spectrum. this means that it must be left at the Doppler centroid frequ~cy I

3) 'Ihe processing parameters varying along the scene must be sufficiently upda d t~
avoid the introduction of focusing errors .All corrections and compensations mtjst pert
formed with the necessary accuracy to avoid focusing e..rrors (for the Range-DoPple alg~.
rithm, this implies a proper FMrate update and a perfect J'8118f!migration compFs tion)r
All data manipulations which lead to phase corruption have to be avoided. (e.~.da reJ
caling,data aliasing) ! I
4) The OffsetProcessing Testmust be performed with the following results:

Doc. No:Po-RS-ES
Issue ;3.3
Date : , July 199:
Shut :26

I
I
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3.1.6 Point target radiometric lnaarity

I

3.1.7

3.1.8

3.1.9

3.1.10

3.1.11 Phasepraservatton Processingand testing

!ENVISAT·l • Project
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- Mean of the interferometric phase S0.1degrees
- Standard deviation of the interferometric phase ~ 5 degrees (the minimum achievable
phase noise depends on the inherent SNR of the ASAR system)
- No obvious phase noisy strips shall be observable in the interferognun (inparticular, this
implies that the structure of the processing bloc:lcsshall not be distinguished in the phase
noise pattem).
S)Thesimulated point target test must be performed with the following results:
-The phase error at the correlation peak shall not exceed a systematic phase error of0.1 de
grees.
-1hephase of the 20 Fourier transform contains no terms other than linear ones and a con
stant.

3.1.11.2 Offset processing test description:
Test Principle
Generate two complex products by processJngindependently twice the same raw data, but
starting at different azimuth and range positions (i.e.the products will be shifted by y lines
in azhnuth and x samples in range).
Using the same raw data prevents from interferometric phase abenations (phase bias and
standard deviation) due to inherent SAR system effects. The obtained interferometric:
phase should ideally have a constant phase of zero. Thus, detected phase aberrations will
reveal processor induced artifacts.

f!actica1 considerations:
a. Both products must be processed using the same Doppler centroid frequency.
b. The number of offset lines and samples between both products should not be an integer
multiple of the processing block dimension (nor in azimuth nor in range). Furthermore, if
an "overlap &: save" technique is used to process the data blocks, the offset value between
products should not be either an integer multiple of the number of valid lines (samples in
range) of each processed data block.
c. It is recommended that the scene shifts in both directions are chosen in such a way that
the relative azimuth and range offsetbetween the products are integer 1nultiplesof the az
imuth and range sampling intervals respectively.This avoids the coregistration step before
interferometry generation, which is critical for the test, since it tends to introduce addition
al phase noise.

d. The best available chixp should be used to perform the range compression
e.Data manipulations which lead to phase corruption (inparticular data rescaling and data
resampling by short interpolation kernels) should be avoided. In parti.cular the interfero
gram should be ~ted using non rescaled complex products (i.e. with their floating
point representation if available), in order to avoid the quantisation noise associated to the
rescaling. (Guideline)
f. The interferometric phase analysed must include areas generated from the smneprocess
ing block for each generated. product as well as areas corresponding to consecutive
processing bloclcs.The statistical values should be independently measured over both ar
eas.
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g. The test being carried out using~ SAR data, those regions with very low ba1
intensity (either due to the local ten.in pl:operties or to the shadow effect) should
ed (since the not.le level inside them ls already higher in each product of .the inter~·
pair). '

I

Test prindple; . I

Simulate a raw data scene with a number of point targets atvarying range. and;· u
siti.ons including processing bloc:lc boundaries. Process this simulated.·scene •
the peak phases u well as the 20 Fourier Transforms of the .focused point targe

I

3.1.11.3 Simulated point target test description:

po-1
,yse

I

3.1.12 Slant to Ground RangeConversion
1he image shall be projected on a WGS 84 earth ellipsoid .

3.1.13 Zaro Doppler Coordinatas I

The zerc-doppler image coordinate 51s~ is futther specified by the property
cused energy Of any point target appeaIS in the Una~ af'the pixel whese range
lute time are mctly those of the target when the dopp1er frequency is O.This cortesrion~
to the closest point of approach between target and sensor. I -I !

Note: Assuming perfect yaw steering each in:ulge ~lines thus represent atR~
the intersection of Earth Surface with that plane whiclt contams both the satelli i~
sub-satellite point and which is also orthogmuUto the earth sa11!11iletelalive vel. I ~
~ I

1
3.2 Operational Requirements 1

3.2.1 Modes of Operation
1. The ASAR Generic: Processor(GP) shall have the following modes of operatiorls:

I 1 :
• high resolution processing of ASAR imagemode, alternating polarisati.o~ m¥..ee·. i•
• stripline processing of ASAR image mode, wide swath mode, alternating potanJ

tlon :mode to medium msolution and browse i ! 1

• stripllne processing of ASAR GM mode
• wave mode processing of ASAR Wave mode

to produce from the level 0 data the different products as defined in document ~ - ~].

3.3 InputRequirements

3.3.1 Processingparametlrs
1. The ASAR GP shall receive product generation param.eters and the level 0 daf;a~us-.,'
ers parameters (defined in document table 3) are specified by the user before ~e qt
each processing. The processmg parameters (c:lefined in document table 2) ar1 . ~
and deeoded from the Level 0 data. I •..

• I
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2. PRP, sampling window start time, Tx pulse puamel'ers shall be extracted from the data
contained in the Source Packet Header.

3.3.2 InputDataType
1. The input Level 0 data to the ASAR GP shall include the following Instrument modes;

• Image mode data
• Wide 1wath mode data
• Altemating polarisation mode data
• Global Monitoring Mode data
• Wave Mode data

3.4 ProcessingRequirements

3.4.1 DataDecompression
1.lhe ASAR GP shall u:nc:ompres5 the (I,Q) data compressed en-board the instrument us
ing a Bloc Adaptive Quantisation Scheme described in Reference Document 4

2. the ASAR GP shall perform an ADC nonlinearity correction based on the ADC charac
terisation LtIT given as part of the instrument characterisation data base and described
Reference Document 4.

3. The ASARP'BAQ decoding algorithm shall have the option of input /output gain equal
isation described :i:nappendix A

The following table summarizes the different compressions used on ASAR:

tabl1I Datams:mliDI ID ASAR

) ) I IOPERATIONAL MODE I ECHO I CAL I NOISE
IMAGE 3 5 4

WID'ESWATH 3 5 4

ALTERNATING POLARJSATION 3 s 4

WAVE 6 2+5 J 4

'I I GLOBAL MONITORING 1+2+3 1+2+5 I 1+2+4

External Characterisation I I 5

Module Stepping s

1=Analog Filtering, 2 • resampling, 3•quantisation averaging (BAQ 8/ 4), 4a qulllltisation
sign+ magnitude mode, S•full 8 bit quantisation, 6- quantisation averaging (BAQ 8/2)

3.4.2 ProcessingAlgorithm

ENVISAT-1- Project
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3.4.3

3.4.4

3.4.5

3.4.6

Phme Preserving I ·

The ASARJMS and ASAR..APS processing shall be phase preserving and the pfo<:+suJ
of ASAR wave mode imagette shall be phase preaerving:

1. The CEOS offset processing test shall be passed with the following results:

• the mean of interferogram phase shall be SO.ldegrees
• the standard deviation of interferogram phase shall be sS.degrees l
• there shall be no phase disc:ontinuity (at the boundaries of processing rlo

within a processing block) ·

2. The simulated point target phase test shall be passed with the following resul~

• The phase error at the correlation peak shall not exceed a systematic phl.
0.1 degrees.

• The phase of the 20 Fourier transform shall contain no terms other than · 1

and a constant.

lnterpixel spacing of products I i (
The following wquirements BM applicab~ to all products except ASAR...,IlvlS,AS~
and ASAR wave mode imagette ! j

1. Nominal intetpixel spacing (defined in image quality requirements tables 4ti 4.3}
shall be specified at mid -swath (defined section 2.3.1.3)
2.The across track (slant range) interpixel sparing shall be projected on the wc$84 ~
soid to the nominal pixel spacing .The error due to SJant Range to Ground Ran~ e nverf
sion approximation shall be maintained to better than five meters. · !

3. Along Track interpixel spacing at Near and Far swath is governed by earth cuJa imt
pact relative to mid-swath. - -I '
4. Fot stripline processing the interpixel spacing along track(zero doppler time sp
fined at mid-swath shall be a fixed time interval whatever the latitude of the la.C<jrire'
scene. The selected time interval shall be a fixed value calculated suc:h that the ·
spacing at mid-swath is fulfilled at a given latitude.

. I 1

Stripline Processing I I I'1~1.The ASAR GP shall be able to operate in stripline precessing mode over a · - ute
(10') acquisition segment for the products generated systematically (except !:1•..~e o ·..
products). ..,T !

I i

2.The ASAR GP stripline processing shall be compliant with the processor radioxne ' - 1

The ASAR GP algorithm(s) shall be selected to gmerate the products within
product quality parameters descn'bed section 4.

SARimagery Geometrle representation ·.
The geometric representation of the SAR imagery shall be the zero Doppler coorfmate
system.

ENVISAT·l • Project

gz :ET !JS, ':'ln"l Rlil

I

ifiecl

I

o~
i



3.4.11 Orbitpropagator
1. The ASAR GP shall use the ESA CFI orbit propagator programs to compute the satellite

1 ) j state vectors (3 axis position and velocity) for each product

2. The ASARGP shall be able to receive from the different sources identified Section 2.3.6
and use state vectors to initialize the propagator.

)
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error as deiined Section 4.2.8
3. The ASAR GP strlpline processing shall be compliant With the interpixel spacing of
products requirements as defined section 3.4.5

3.4.7 Mlltlng RangeUnes
The ASARGP shall insert a line of uroes when it detects missing lines.

3.4.8 LevelODataAnalysis
The ASARGP shall perform LevelO data analysis (l/Q statistics) as described in appendix
A after data decompression:

The I and Q data samples shall be analysed to determine the bias, imbalance and phase or·
thogonality.

3.A.9 Level 0 Data Corrections
The ASAR GP shall perform level 0 data corrections (I/Q corrections) as described in
appendix A after data decompression:

Any I and Q echo data bias, imbalance, phase orthogonality shall be corrected using the
calculated panmete:rs.

3.A.10 Range spreading losscompensaHon
1.The ASAR GP shall be able to compensate the range compressed data for range spread·
ing loss

3.A.12 RangeAntenna PatternsCorrection
1. The ASAR GP shall be able to perform range antenna pattems correction.

2. The antemta patterns wUl be provided by 'ESAin a form of a file.

3. This file will have sufficient vectors such that accurate anh:nna patterns can be derived
by linear interpolation between two vectors (error less than O.OSdB).

4.The ASAR GP shall be able to tum this function on/ off on user request.

5. The antenna pattern file shall be annotated in the product.

ENVISAT-1 ·Project
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3.4.13 SampHngWindowStartTimeChange ~ 1

The ASAR GP shall be able to detect the sampling window start time change itro
SOUia!packetheader and shHt the '""8" line .-g to the start lime change. ' ,

i

3.4.14 Doppler Frequency Modulation RateEstimator
1. The ASAR GP shall estimate the Doppler (azimuth) FM rate using the satelli
and velocity vectors computed by the Orbit Propagator.
2.The estimate shall be updated in range often enough to give an accuracy of 1
ter (SLC products) .The estimate shall be updated in range often enough to
quality requirements (other products).

3.4.15 Doppler Centroid Estimator
1. The ASAR GP shall employ a Doppler centroid estimator that estimates th~ c
based on the azimuth Doppler spectra.

2. The estimator shall use all the data ttom near range to far range.

3. The estimate shall be updated in azimuth often enough to give an accuracy lof
(Wide swath mode, Alternating Polarisation mode, Global Monitoring Mode mcl 50
other modes (Image mode Wave mede)

4. A c:onfidence measure for this Doppler Centroid estimation shall be generated ..,d
able for a product confidence report

3.4.16
I

Doppler Ambiguity Estimator I I i

1. The ASAR GP shall employ a Doppler ambiguity estimator to assess and cr4t th~
presence of PRP ambiguities on the Doppler centioid estimate. . ! ·
2 A confidence measure for this Doppler Ambiguity estimation shall be genJatej an4
available for a product confidence report T ·

3.4.17 RangecanMigration Correction
The ASAR GP shall apply both integer and fractional RCMC to the image data.

3.4.18 LookDetection and Summation
1. the ASAR GP shall detect and surn looks in power.

2. the ASAR GP shall compute the magnitude (by taking the Squatll! root) of thel loo~
summed data.

3.4.19 i ( i
I !

Azimuth Interpolation ,
1. The ASAR GP shall be able to perlomt azimuth interpolatioa.(not app I ah e tol
ASAR_IMS and ASAR,,.APS and ASAR_WVl (imagette) products) t I i

' I
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3.A.20 Ground RangeConvvrslon and Interpolation
1. The ASAR GP shall be able to pertorm·ground range conversion to the required pixel
spacing.

2. the ASAR GP shall be able to perform interpolation in slant range if ground range con
version is not required. The pixel spacing in &!antnnse. shall be such that the resulting im
age line ha$ a nwnber of pixel.equmlent to the gfour\',i range bnage.

3. The slant-range to ~und·range conversion table' shall be calculated. from near range to
far range.

4. Interpolation shall be done on adequately sampled data.

5. The ASAR GP shall not perform ground range conversion nor range intexpolati.on when
generating ASAJUMS and ASAR...APSand ASAR...WVl (imagette) products.

3A.21 ProcessingGain
1. The ASAR GP shall not adjust the gains Within a product generation

.r

3.4.22 AnalogU•-to Digital Converter Non linearity Conclion
1. the ASAR GP shall perform an ADC nonlinearity correction based on a non linearity cor
rection table provided u part of the instrument characterisation data base Reference
Docmnent Sand described Reference Document 4.

3.4.23 Internal Colbration processing
The ASAR GP shall perform instrument dependant correction appendix 8:

• c:allbration pulse processing
• elevation gain function calculation
• noj.se estimation

The ASAR GP shall perform replica construction in view of range processing

3.4.24 AltemaHng Polarisation Image Co-naglltrallon
The ASAR GP shall insure a co-registration of the two images (lffi/VV or ffii/HV or VVI
VH) better than 0.25 pixels

3.4.25 ~eocodlngprocessing (IM/APmodes)
l.lhe ASAR GP shall handle different map projections (U'IM,UPS,National Map projec-
tions) .
2.The absolute calibration of GEC products shall be the same u the corresponding PRI
products (ASARJMP, ASAR....APP).

3A.26 PointTargetUnearOutput Dynamic Range
The point target llnear output dynamic range shall be equal to or gttater than 48 dB.
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L2:E1 L6, ~nl 80



~

TDoc..- .•-
Issue :3.3
Date : , July , f97
Sheet :34 Ii

eesa. ASAR
Project:ENVISAT-1

3A.27 Pointtarget relallve geometric milreglltratlon • Ii . . 1

The point target relative geometricmisregistration shall be equal to or less than 1f1 pix~l
length in range or azimuth • 1

Range Matched FilterGeneration
1.The range matched filter shall be generated from the clmp ?eplicareconstruc~
downlinked data as descn"bedin appendix Bor from the nominal chirp coeffici ts
tied as a command parameter. ,
2..When the range matched filter is to be obtained from the chirp replica rec
from the downlinlced data, the range matched filter shallbe updated as soon a
tion cycle through the antenna 32 rows is completed. . :
3.When the range matched filter is to be obtail'\ed.from the nominal chirp coeffi¢i.en spetj-
ified as a command parameter the ring@reference function shall be calculated thetjt
and used for the entire image. , I

I \

4. A window weighting fundion shall be applied to the matched filter .TheweiJh · g cq..
efficient shall be selectable. !

5.The measurements derived from the aoss-correlation of the constructed ch~ lic4
with the default chirp replicas shall be annotated in the product.

3.4.28

3.S Output product confidence measures
The following measures shall be included in the PCD attached to each product

3.5.1 Downlink ParameterConfidence
1.The number of changes in the following:

• sampling window start time code
• PRPcode
• (TBD) codes

shall be reported for each product.

The code .fromthe first and last processed line shall be reported also.
2. the number ofmissing lines shall be reported.

3.5.2 Chirp Replica quality i .

1.3dB pulse width of the cross correlation result between the reconstructed chitp+~
nominal chirp. . I 1

2. First Sidelobe of the cross correlation result between the reconstructed crutj, a+d ~
-!--I .-hiPn jnUUUIUU~-r· •

3.Intergrated.SidelobeRatio of the cross correlation result between the :recons~~ c:hitj:>
and the nominal chirp. ~l
4. Peak location of the cross correlation result between the reconstructed chirp 1d th¢
nominal chirp.
5. Replica Pulse Power of the reconstructed chirp .

',~
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3.5.6 Output Data Statistic

l ) I 1.~ mean and standard deviation of output data shallbe c:omputedand reported..

,•

) )
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3.5.3 Input data lfatllllc
1. The mean and standard deviation of the I and Q input data shall be computed and re
ported

3.5.4 Dopplercentroidestimator
1. 1he goodness of fit of the expected. and actual beam. profile shall be computed and ~
ported

3.5.5 DopplerAmbiguity EstimatorMeasures
1.The confidence measure of the doppler ambiguity estimation shall be reported.
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4 IMAGE QUALITY REQUIREMENTS

4.1 ImageQualityDefinitions

4.1.1 Weighted theoretical range resolution
The weighted theoretic:al range resolution i5 the theoretical distance between th~·rrurus ~
dB points of the range IRF from a point target !

The maximum allowed range resolution for slant range image or ground range imtge ~.·.
defined as, i

I
I
I
I

P, •••0.886(1+ W/100)(1 +~,.1100)(F5/BW,)~ I I

Where

• P, = maximwn range resolutiom (meters)
W = o/o broadening induced by the weighting used in range compression•

• x, •••allowed processor induced percent broadening
F_, = range sampling rate (H2:) ,
BW, •range look bandwith (Hz) I ~ i
a • pixel spacing which is the slant range or ground range distancebetwL pu~
data sample T-· !

•
•
•

I i
The formula for slant range pixel spacing is , i

S,,, "" c/(2Fs)

where,

• 5.tr""' pinl spacing in slant range i
• c • speed of the light I

F,,= range sampling freq_uency I '1"""111•

The formula for ground range pixel spacing is
Ia,, ••S,,l(sin9) ~
I
Iwhere

• s,, •..pixel spacing in ground range (m)
• s.•, • pixel spacing in slant range (m)
• e = incidence angle in degrees

4.1.2 Weighted theoretical azimuth resolution
1

The weighted theoretical azimuth re.solution is the theoretical distance between tefnusl
3dB points of the qjmuth response hoJn a point target. · i
The maximum allowed azimuth raolutlon (for slaat range ill1ageor ground ran J•ge}
is defined as, l' ,

1

i
1
I

ENVISAT·l • Project

I i



) )

) )

Doc.No:Po.flS.ISA-GS-00245

'-- ~.JDale : , July 1997
Sheet ':s7

•esa ASAR
Project:BNVISAT-1

Where

• p"' •maximum azimuth :resolutiom(meters)
• W =%broadening induced by the weighting used
• .r"'•allowed processor induced az:imuth~t broademng
• p1t • pulle repetition frequency (Hz)
• BW A • azbnuth look bandwith (Hz)
• SA • Qimuth pixel spacing

The formula for azimuth pixel spacing is ,

6A • V/FR
where,

• SA a: pixel spacing in azimuth
• V

1
••effective transport speed of anl'emul beam footprint over the Earth surface

• F tt"" pulse repetition &equency

.4.1.3 PointTargetPeak Power
Pomt target peak power is the maximum power in the interpolated impulse response from
a point target.

4.lA Maximum side lobe levels
The maximum sidelobe levels are the relative powers in decibels of the maxiD\a in the in
terpolated impul&eresponse on either side of the main peak, compared to the main peak
power. Themaximum sidelobe is searched within 15pixels from the main peak.

.4.1.5 Two--DimensionalIntegrated Sldelobe Ratio
The two-dimensional Integrated Side Lobe Ratio (ISLR) is the ratio expressed in decibels
between the sidelobe power and the main lobe power of the interpolated. response froxna
point target.
The main lobe power is the total power in.sidean area centred about the main peak and ex
tending two resolution lengths in the range and azimuth directions. The sidelobe power is
the total power outside themain lobebut within an area bounded by ten resolution lengths
in the range and azimuth directions.

L1.6 Radiometric Error
The radiometric error is expressed 11.$ the maximum.pennitted deviation in the measured
mtegrated energy between two areas of an image consisting ol dusters of closely space
point targets. These dusters are to consist of 100 point targets of unifonn reflectivity,

ENVISAT·l • Projecc
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spaced at nominally 2 re.olution celli. apart in both range mcl aziznuth c:Urecti~ d ~,
ranged in a grid form. The integrated eaergy for each cluster shall be measured ;v a
gion of fixed site chosen to fully and exclumvelyencompus the target of each s . A
aminimum, the area c:hosenshall extend at leaat three resolution cells beyond th e ter o
the lat target of the dusterin that direction and no closer than three :resolution an
other point target not in the cluster. ·1 I

The radiometric error tS calculated as follows: . I
i

p = radiometric error (dB)

µA '""integrated energy of area A
µ.8 • integrated energy of area B

4.1.7 Absolute location accuracy

The absolute location enor is specified as the distance along the gromtd betw~
ured and predicted position of point targets within a processed image ind~d1

orbit data.
The requirement is stated as a proeedure for calculating the absolute location ~'
point target and the maximum error permi~.
The predicted latitude and longitude of the point targets must be known. .

The measured latitude and longitude is obtained from the processed image by*. -M'.
the range and azimuth pixel position . . .

i !

I

4.1.8 Product ENL(Radiometric Resolution)
I

The radiometric resolution of the .finalprocessed nnage is' a measure of the a~' Wot
tinguish between uniform distributed targets with diffenmt backscattering c ·en~ I _J
(sigma nought). 1 i r"'"!

l i

· Its standard. definition is the measwe of the width of the probability distributiorj.~.
of the signal power reeeived from an uniform distributed target I 1

. !
r ••tOlog(l +q,.) .J I

I I
where the parameter 'Ir is the normalised standard. deviation (or coefficient oft · tion]
of the value of the signal power of a uniform distributed target. ' '

aq,.. µ:
J.L and a are the sample mean and standard deviation of the signal power in the imtge of
an homogeneous distnlruted target I r i

The distributed target shall be uniform (without spatial variability of the ~ ncLght~.
and large enough to ensure statistical accuracy. I 1
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The nonnalised standud deviation q,. is related to the Equivalent Number of Looks ENL
by the following equation:

1ENL• :i
q,

4.1.9 Radiometric Accuracy

The radiometru: accuracy is defined as the end. t() .t!J'l~~i:. in the final iznage products. It
includes the ASAR processor radiometric error ,all the ASAR instrument errors, propaga-
tim C:rroi:S ~ffil~tioris. .··•···· ' · ' • ,

Pot an extended target the radiometric: accuracy is defined as the worst case 3a (three
standard deviation) \U\Certainty resulting from measurements of sigma nought of a uni
form invariant extended target situated anywh~.within the operating dynamic range of
the syst~ anywhere in the swath and anywhere in the orbit.

For a point target the radiometric acc:uracy is defined as the worst ease 3a (three standard
deviation)ijricertainty resulting from measmements of. radar cross section of invariant
point target situated anywhere within the operating dyrtamic range of the system, any
when in the ~·th and anywhere in the orbit.

The radiometric accuraCY value is 1.75 dB .

4.2 ImageQualityRequirements
4.2.1 Measurement

1. Image quality measures shall be done on simulated po:int targets.

2. Image quality parameters measurements is subject to uncertainty due to quantisation ef..
feet. The uncertainty shall be kept to:

• Impulse response ±4%
• Maximwn sidelobe level :tl dB
• Integrated sidelobe ratio :tl dB
• Peak power ±0.S dB

by ensuring the specified processing parame~ do not cause aliasing.

4.2.2 Range Impulse resolution
The range Impulse resolution shall be less than or equal to 1.1 times the weighted theoret
ical range resolution (Image mode and Wave Mbde)

The range impulse resolution shall be less than or equal to 1.1 times the weighted theoret
ical range resolution (Wide Swath mode,Altemating Polarisation Mode and Global Moni-
toring Mode) ,·.'

4.2.3 Azimuth Impulse resolution
The azimuth impulse response resolution shall be less than or equal to 1.1 times the weight-
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ed theoretical azimuth resolution (Image mode and Wave Mode)

The azimuth unpulse response resolution shall be less than or equal to 1.1 times
ed theoretical a%imuth resolution (Wide Swath mode,Altemating Polarisation
Global Monitoring Mode)

Range/ AzimuthMaximum sidelobe hMtls
The range or azimuth maximum si.delobe levels shall not be higher than 2dB pli
oretkal side lobe level.

4.2.5 Twodimensional Integrated SiclelobeRatio
The two dimensional ISLR.shall be less than or equal to 2dB plus the theoretical
sional ISLR.

4.2.6

4.2.7

4.2.8

4.3

en+
'
I

Pointtarget Unearlly t~' !
The coefficient of correlation of the regression of output point target power o er . pu~.
point target power over the linear dynamic range shall be greater than 0.97 i

1
1 i

Absolute location accuracy (independent of orbit data) I I
~e absolutelocation accuracy of a point target shall be equal to or less than tw norm.. ~.
pixel lengths. , ;

I :
I ' I

Ground ProcessorRadiometric Error Ir l

The ground processor radiometric error shall be equal to or less than 0.1dB in IM ~av~
mode and shall be equal to or less than 0.2dB in WS,GM, and AP modes. I i

! .

Image Quality RequirementsTables
The following tables are a summary of processing parameters, image quality req· ''
and nominal attributes for each of the required output products.

en~
I

Image quality shall meet the requirements in these tables. I I !

The processing parameters shall be configurable in the ASAR pro~essor and ~Je v~uesj
quoted there are just Initial values. ur , ,
The processing parameters shall be optimised during the ASAR processing devt+. t. !.

~ I

I i
1 !
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•.3.1 ASAR_IMS Image Quality requirements

ASAR_IMS Image Quality requirements

PROCESSING PARAMETERS

pulse bandwith(ISl to IS7(Mhz)) 16/16112.67110.79/9.5418.85/8.22

Number of range looks l

Range weighting ToBe Optimised

Number of azimuth looks 1

Azimuth look Bandwith 1332Hz (ToBe Optimised)

Azimuth sampling frequency(IS 1to IS7 1677/164512096-2070/1680-1667/
{Hz)) 2082-2047/1698-168412070-2035

Azimuth weighting ToBe Optimised

Nominal Incidence angle section 2.3.1.3

IMAGE QUALITY REQUIREMENTS

Range IRF broadening 10%

Azimuth IRF broadening 10%

PSLR degradation 2dB

ISLR degradation 2d.B

Radiometric error O.ldB

Radiometric linearity 0.97

Absolute location Accuracy IOm
Point target phase error test < 0.1 degrees

Off sec processing test: mean & standard mean-c 0.1 degrees
deviation interferogram phase standard deviation < S degrees

PRODUCT QUALITY REQUIREMENTS

Range resolution Section 4.1. l

Azimuth resolution Section 4. 1.2
Pixel Spacing Natural sampling

Pixel Encoding 2 bytes I , 2 bytes Q

ENVISAT-1 ·Project
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4.3.2 ASAR_APS J:maaeQuality requirements· j

ASAR,J\PSiloage•Quality/nqUil'ements

PROCESSING.·PAR.AMBTERS
I

Pulse bandwlth(ISl toIS7(Mhz)). 16/16/12;61110.1919.S4/8.8s/8.22. I
Number of range looks ' 1·,·r

Range weighting ToiBc Optiniiscd I

Number of azimuth looks 2 scan looks per polarisation

Azimuth look Bandwith 2S4 Hz (approximate)

Azimuth sam~Jihg frequency 16111164s/2096-201011680-16611 I
(1St·m.IS7(Hz)) 2082-204711698~168412070-2035 !

Azimutijj\jelghting TO Be Optimised
I/\ ·',<):·.·:-

NorD.inalIiicittence angle section 2.3.1.3 I

IMAGE QUALITY REQUIREMENTS
I

Range IRF broadening 10%
!

Azimuth IRF broadening 10%
I

PSLR degradation 2dB

ISLR degradation 2dB I II
I I

Radiomettjc error 0.2dB I
I

i

I
Radiometric linearity 0.97

I II"""
Absolute location Accuracy lOm

'Point target phase error test <0.1 degrees I

Offset processing test: mean & standard mean <0.1 degrees
I

deviation interferogram phase standard deviation <S degrees

PRODUCT QUAUrY REQUIREMENTS

Range resolution Section 4.1. l I

Azimuth resolution Section 4.1.2,,
'

Pixel Spacing multiple of natural sampling I

Pixel Encoding 2 bytes I , 2 bytes Q
I

I
«.

'
I i
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4.3.3 ASAR_WVl lmagette Image Quality requirements

ASAR_WVl Jmaaette Image Quallty requirements

PROCESSING PARAMETERS

pulse bandwitb(ISl to IS7(Mhz)) 16/16/12.67/10.79/9.5418.85/8.22

Number of range looks 1

Range weighting ToBe Optimised.

Number of azimuth looks 1

Azimuth look Bandwith 1332Hz

Azimuth sampling frequency(IS1to IS7 1677/1645/2096-2070/1680-1667/
(Hz)) 2082-2047/1698-168412070-2035

Azimuth weighting ToBe Optimised

Nominal Incidence angle section 2.3.1.3

IMAGE QUALITYREQUIREMENTS

Range IRF broadening 10%

Azimuth IRF broadening 10%

PSLR degradation 2dB

ISLR degradation 2dB

Radiometric error O.ldB
Radiometric linearity 0.97

Absolute location Accuracy lOm

Point target phase error test < 0.1 degrees

Offset processing test: mean & standard mean< 0.1 degrees
deviation interferogram phase standard deviation < S degrees

PRODUCT QUALITYREQUIREMENTS

Range resolution Section 4.1.1

Azimuth resolution Section 4.1.2
Pixel Spacing Natural sampling

Pixel Encoding 2 bytes I. 2 bytes Q

.ENVISAT-1·Project

I )



! !I

11
1:

(9esa Doc.No:. ·s
,••• :3.3 T

ASAR Dale : 1July199.
Sheer :44

Project.
:ENVISAT-1

!

4.3.4 ASAR_IMP Ima1e Quality requirements

ASAR_IMP Image Quality requirements !

PROCESSING PARAMETERS
I

Pulse bandwith(IS 1 to IS7(Mhz)) 16/16/12.67/10.79/9.5418.85/8.22

Number of Range looks 1
I

Range weighting To Be Optimised

Azimuth look Bandwith Hz 320 null to null

Number of Azimuth looks 3 non overlapping looks
I

Azimuth sampling frequency 1677/1645/2096-2070/1680-1667/ I

(IS1 to IS7 (Hz)) 2os2-20411169s-16s412010-203s I

Azimuth weighting ToBe Optimised
I

Nominal Incidence angle section 2.3.1.3

IMAGE QUALITY REQUJREMENTS
i I

Range IRF broadening 10% I

Azimuth IRF broadening 10%
PSLR degradation 2dB

i

ISLR degradation 2dB I

Radiometric error O.ldB
I

Radiometric linearity 0.97
' I~

Absolute location Accuracy 2Sm I

PRODUCT QUALITY REQUIREMENTS
I

Range resolution <30m
I

Azimuth resolution <30m I
I

Pixel Spacing 12.Sm* 12.Sm
i

PRODUCTENL >3 I

Pixel encoding 2 bytes
I

I
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4.3.S ASAR_APP Image Quality requirements

ASAILAPP Image Quality requirements

PROCESSING PARAMETERS

Pulse bandwith(IS 1 to IS7(Mhz)) 16116/12.67/10.79/9.5418.8518.22

Number of Range looks 1

Range weighting To Be Optimised

Azimuth look Bandwith (Hz) 254 Hz (To Be Optimised)

Number of Azimuth scan looks 2

Azimuth sampling frequency 1677/1645/2096-2070/1680-1667/
(ISi to IS7 (Hz)) 2082-2047/1698-168412070-2035

Azimuth weighting To Be Optimised

Nominal Incidence angle section 2.3.1.3

IMAGE QUALITY REQUIREMENTS

Range IRF broadening 10%
··-

Azimuth IRF broadening 10%

PSLR degradation 2dB

ISLR degradation 2dB

Radiometric error 0.2dB
Radiometric linearity 0.97

.A.bsolutelocati.onJ\ccuracy 25m

PRODUCT QUALITY REQUIREMTS

Range resolution <30m

Azimuth resolution <30m

Pixel Spacing 12.Sm*12.Sm

. PRODUCTENL >1.8

Pixelenc~g 2 bytes

4.3.6 ASAR.JMG Image Quality requirements (Requirements identical to ASARJMP)

4.3.7 ASAR_APG Image Quality requirements (Requirements idenflcol to ASAR_APP)

ENVISAT·l• Projtd
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4.3.8 ASAR_WSM Image Quality requirements i

ASAR_WSM Imaee Quality requirements
i

PROCESSING PARAMETBRS
i

Pulse bandwith I7.1/S.28/4.36/2.97n..8 (TBC*)
(SS1 to SS5(Mbz)) ToBe Optimised

i

Number of Range looks To Be Optimised

Range weighting To Be Optimised I

I

Azimuth look Bandwith (Hz) so
Number of Azimuth Scan looks 3 !

Azimuth sampling frequency 1662-16591.2096-2070/1680-1667/I
(SSl to SSS (Hz)) 2082-2047/1698-1684

Azimuth weighting To Be Optimised I

Nominal Incidence angle section 2.3.1.3
I

IMAGE QUALITY REQUIREMENTS I

Range IRF broadening 10%
I

Azimuth 1RFbroadening 10%

PSLR degradation 2dB

ISLR degradation 2dB
Radiometric error 0.2dB

Radiometric linearity 0.97
Absolute location Accuracy lSOm

I

PRODUCT QUALITY REQUIREMTS

Range resolution < lSOm

Azimuth resolution <150m
i

Pixel Spacing 75m*75m !

PRODUCTENL >15 (TBC*)
I

Pixel Encoding 2 bytes

Note •: Pulse Bandwidth and Product ENLare linked together

i 'ENVISAT-1- Project - :
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4.3.9 ASAR_GMI Image Quality requirements

ASAR_GMI Jmace Quality requirements

PROCESSING PARAMETERS

Pulse bandwith 0.941/0.627/0.565/0.502/0.439 (TBC*)
(SSl to SSS(Mhz)) ToBe Optimised

Number of Range looks ToBe Optimised

Range weighting To Be Optimised

Azimuth look Bandwith (Hz) 9Hz

Number of Azimuth Scan looks 4

Azimuth sampling frequency 1662-165912096-2070/1680-1667/
(SS1 to SSS {Hz)) 2082-2047/1698-1684

Azimuth weighting To Be Optimised

Nominal Incidence angle section 2.3. I .3

IMAGE QUALITY REQUIREMENTS

Range IRF broadening 10%

Azimuth IRF broadening 10%

PSLR degradation 2dB

ISLR degradation 2dB
Radiometric error 0.2dB

Radiometric linearity 0.97

Absolute location Accuracy lOOOm

PRODUCT QUALITY REQUIREMTS

Range resolution < lOOOm

Azimuth resolution <1000m
Pixel Spacing 500m*500m

PRODUCTENL >15 (TBC*)
Pixel encoding 2 bytes

Note •: Pulse Bandwidth and Product ENLare llnlced together

DIVISAT·l ·Project
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4.3.10 ASAR_IMM Imaae Quality requinments

ASARJMM lamp QaalltJ·reqairements I
1

PROCESSING PARAMETERS 1

pulse bandwith(ISl to IS7(Mbz)) 16/16/12.67110.7919.54/8.85/8.22

NUmber of Range looks To Be Optimised
Rmlge \Veighting ' t6:Be ~ 1 '

Atimuth look Bandwith Hz To Be Optimised

Number of Azimuth looks To Be Optimised

Azimuth sampling frequency 167711645/2096-2070/1680-1667/
(ISi to IS7 (Hz)) 2082-2047/1698·1684/2070-2035

1

Azimuth weighting TQ~c Optimised
I

Nominal Iilcidence angle lection 2.3.1.3

IMAGE QUALITY REQUIREMENTS

Range IRF broadening 10%
I

Azimuth IRF broadening 10%

PSLR degradation 2dB

ISLR degradation 2dB

Radiometric error O.ldB
I

Radiometric linearity 0.97 1

IA
Absolute location Accuracy 150m

PRODUCTQUALITY REQUIREMTS

Range resolution < 150m

A:i:imuth resolution <150m 1

Pixel Spacing 75m"'75m

PRODUCT ENL >30

Pixel cncocfing 2 bytes

I

..
'
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4.3.11 ASAR_APM Image Quality requirements

ASAR_APM Imqe Quality requirements

PROCESSING PARAMETERS

pulse bandwith(IS 1 to IS7(Mbz)) 16116112.67110.7919.54/8.85/8.22

Number of Range looks ToBe Optimised

Range weighting ToBe Optimised

Azimuth look Bandwith Hz ToBe Optimised

Number of Azimuth looks To Be Optimised

Azimuth sampling frequency 16771164.512096-2070/1680-1667 /
(ISl to IS7 (Hz)) 2082-2047/1698-168412070-2035

Azimuth weighting ToBe Optimised

Nominal Incidence angle section 2.3. l.3

IMAGE QUALITY REQUIREMENTS

Range IRF broadening 10%

Azimuth IRF broadening 10%

PSLR degradation 2dB

ISLR degradation 2dB

Radiometric error O.ldB

Radiometric linearity 0.97

Absolute location Accuracy 1.50m

PRODUCT QUALITY REQUIREMTS

Range resolution < lSOm.

Azimuth resolution <lSOm

Pixel Spacing 75m*75m

PRODUCTENL >30

Pixel encoding 2 bytes

ENVISAT·l·Project
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4.3.12 ASARBrowsequality requirements

Note ,.Multiple of Medium. Resolution Products pixel spacing

ENVISAT·l • Projeci

Table 9: Browse products quality requirements

ASAR mode Global I I Image I AlternatingI M It . . Wide Swadiomonng Mode Polarisation

1I I

IPixel Spacing (m) 1000 900* 225• 225*
I i
I I !

ProductENL > lS(TBC) > 15 >15 >15

2E :et 2.6, em 80
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appendix AData Handling and Data
Reformatting
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iThe ASARGP is required to perform raw data analysis and use the result to perfontt ra~
data correction. The raw data correction is done as follows: · I

e·esa Doc.No:PQ.R~A·,••• :a.a
Date : 1July1 7
Sheet :52ASAR

A.1 RawData Correction

• Conect for bias:

I'= Iin-Bi

where:

~ , Oin= complex input data after nominal bias is subtracted
Bi• I-channel bias
Bq = Q-channel bias

• Correct Q-channel for gain imbalance:

I" ==I'
Q"==Q' G

where G is the IQ gain imbalance.

• CorrectQ-channel. for nonorthogonality:

lout= r·
Qout =Q"/cos(A) - f'tan(A)

where A is the IQ quadrature departure.

ENVISAI'·l• Projm
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The input parameters and flag for raw data analysis and correction are:

Parameters and Flag SJlllbols

Raw data analysis ftag

I-channel bias preset value bi

Q-channel bias preset value_ bq

IQ gain imbalance pmet value g

IQ quadrature departure preset value a

No of range lines to be used in ra~ data analysis N

No of complex samples per line M

The output parameters and flags from raw data aiftalysisare:

Parameters and Flac Symbols

I-channel bias µi

Q-channel bias µq

I-channel standard deviation <Ji

Q-channel standard deviation aq

IQ gain imbalance "t

IQ gain lower bound 'tl

IQ gain upper bound 't2

IQ quadrature departure e
IQ quadrature departure lower bound 91

IQ quadrature departure upper bound 02

I bias significant flag I_BIAS_FLAG

Q bias significant ftag Q_BIAS_FLAG
IQ gain significan,tflag IQ_GAIN_SIG_..fLAG,.,.,

IQ quadrature departure significant flag IQ_QUAD_SIG_FLAG

••

ENVISAT·l•Prqiect



"

u.JDoc.No:~
Issue :3.3
Date : 1 July 199'
Sheet :~

eesa ASAR
Project:ENVISAT·l

The specifications for calculating the output parameters and flags are givfn 'He-
low. ·

I-channel bias:

. . [ l N M ]
µz = NM I,L 11 -bnom

k:zlJ•l

where:
N =number of lines used
M ::::number of pixels used per line
b0om •nominal bias

Q-channel bias:

I-channel standard deviation:

Q-channel standard deviation:

ENVISAT·l- Projeu
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IQ gain imbalance:

t _ ai--aq

IQ gain lower bound:

3
tl = l- JFiM

IQ gain upper bound:

3
t2 = 1+ JNM

IQ quadrature departure, upper and lower bounds 6, 01. 92:
For each range line k, calculate the correlation coefficient between I and Q chan
nels:

Siq
ck =- JSii . Sqq

where:

EE:El L6, ~nl80
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M (IM M )
Sqq= i~l(Q;·Q1)- Mi~lQJi~lQi

i

From the correlation coefficient ck, calculate Zk as follows:

Zk = 0.SIn(~~~!)
I
I

From the N values ofZk (derived from N range lines) calculate

- the mean value of Z:

N I1µ.z=NLzk I
"• 1 'I

- the standard deviation of Z:

r1 ,., 2 2
al = - L Zk - µ.z

~Nk•l
I
I

c= tanh µz -41
a+ = tanh (JU + erz) - C
a- =C - tanh (µz - en)
9 = arcsin (C)

91 = arcsin (C- e-)
!

92 = arcsin (C + a+)

I Bias Significant Flag:
I
!

IF -3ai s µis 3ai THEN
IJNM JFiM

EN'1SAT·1• Project
I
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set flag• .FALSE. ELSE set flag= .TRUE.

QBias Significant Flag:

THENIF

set flag = .FALSE. ELSE set flag = .TRUE.

IQ Gain Significant Flag:

IF THEN

set flag = .FALSE. ELSE set flag = .TRUE.

IQ Quadrature Departure Significant Flag:

30'- ~CS30'+IF THEN

set flag• .FALSE. ELSE set flag==.TRUE.

The parameters for raw data correction are set according to the raw data analysis
flag as follows:

Raw Data Analysis Flag is I Raw Data Analysis Flag is
FALSE TRUE

ID=hl I ffi=~

Bq =bq I Bq = uq

G=g I G='t

A=a I Ase

ENVISAT·l • Project
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The output parameters and flags from raw data analysis arc inserted in thf ptdu9t
annotation. If the raw data analysis flag is FALSE, these parameters an~'fla s irf..
set as follows: 1 1

I
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Parameters and Fla.1 Raw Data .AnalysisFlag
is FALSE

I-channel bias bi

Q-channel bias bq

I-channel standard deviation 0.0

Q-channel standard.deviation 0.0

IQ gain imbalance g

IQ gain lower bound 0.0

IQ gain upper bound 0.0

IQ quadrature departure a

IQ quadrature departure lower bound 0.0

IQ quadrature departure upper bound 0.0

I bias significant flag .FALSE.
Q bias significant flag .FALSE.

IQ gain significant flag .FALSE.
IQ quadrature departure significant flag .FALSE.

ENVJSAT-1 - Project
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A.2 FBAQ DECODING' . ;f-
;,'.'> '

A.2.1 StandardDec~l'1G
,•' . :• l.'i,. ·'·,

Dac:ribed in document [R- 4]

A.2.2 EnergyconservationDecoding
Described document [R'·9]
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appendix B: Internal Calibration and
Chirp Replica Processing ,

1 Oqjective

The objective of the internal calibration function is to process the calibration pulses.and ~
provide instrument dependent correction factors (i.e, elevation gain factor, noise cstinlatifD),
which arc used elsewhere in the ground processing to produce a calibrated image.

The elevation gain function calculation results in the detennination of the elevation gaif
factor. ,

The phase and amplitude of the compressed calibration pulses from each row of modqles lis
used to calculate the antenna gain as a function of elevation. This is then converted to ._
tion of look angle by use of the elevation bias characterisation data. The orbit geometrt arid
earth model shall be used to convert it to a function dependent on slant range. !

The internal calibration scheme involves characterising the active part of the antenna ~ a i-nw
by row basis for both transmit and receive, using calibration pulses. As the replica must f"
represent the response from the complete antenna, this part of the ground processing is
assumed to generate the replica from the calibration pulses by coherent summations.

i

The YQ corrected noise data is used to estimate the instrument noise powerwithin themJge.
The noise data is scaled by a factor representing any nonnalisation that may have been ~sed
in the data processing.

ENVUAT-1-Prqiect
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2 DetailStructure
The detailed structure of the internal calibration function is shown in Figure I. The rationale
for the intemal calibration function is given in Reference 2

I I
• Replica Rep(t)

Replica l
Construction I I Ia2,n.m --j 1-i:o:;.:•r

• 1 Noise f•ctar
Calibratio1t ~ J Notse Pulses I Estimation
Pulw -_, , Aux -.. I j

Calibration ' tIPulse
Processing Normalisation

Factor kn------
atx,n,m; j I Nunt»er of

Elevation Noise windows K
Gain

Function
calculation

Aux •..,

~-n.m
Btx,n,m;
•nr.n.m

Calibrated Antennai-------i-- Elevation Gain
TNominal I i•••

Value for Pulse 1
Nominal Antenna Gain

Nominal Pointing
Centre of Swath Elevation Angle

Reference Elevation Angle
Antenna Embedded Row Panem

Cali>ration Loop Path
Characterisation Factor

Antenna 8evatio11
Gain Panem

Pointing Irias

Figure 1 Internal Calibration
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3 Definition of YariableCsl
I

The variables are defined in Table 1 '
;·

I

VARIABU!S DESCRIP11VBNAME JNPUl"IOlTIPUI' Vll.!..~------- CE

Z1,n.mCt) Calibration pulse 1 complex sample Iapw Prom 0am baadliDI anc11re· -· g
i

! 'Z1A.n,m(t) calibration pulse lA complex sample Input Pmm Dam bandliq andlre· -,B
• i

Zz.n.mCt) Cab"brationpulse 2 complex sample Input Pmm Dala bandlinl and1re· _!

''

Z3,n,m<1> Calibration pulse l complex sample Input Prom Dala handling and Rftl tmatnpg
1

Z.,,1,mCt) Chirped calibracion pulse I complex Input From Da1ahmdUac and Ire:-~""_;pg
sample (only wave tnodo) , . i

., .
Zwi..m~ Chirped calibration pu* 2 complex Input From .Datahandlin&and Ire" --- ~ I

sample (only wave mode)
.·

7-wl.m<t> Chhpcd callbruion pulse J complex Inpur Pmm Dm handlin&and tcfo rma-
sample (only MVO mode)

i i

~,t,mCt) Noise complex sample Input From Data handling and refo __ •...•._
I
...! ...

D Ani:ennarow number Input Prom Dara handling and re· -(Values 1-32) :
m Calibration cycle label Input i:rom Dam handliq and 1rcfc tma~

'SWL(cal) Sampling windi;>w lengd!. (of calibration Input 1 From Dara handling:.n::fc ~~
pulses) (liven in D1Ullber of les

SWL(nolse) Samplin&window length (of noise Input Prom Data bandlin£ am1l1-eft'111&~ ···~
pulses) (&:ivenin n11111berof saq>1c5

t Time variable wichin sampling window Input FtOm Dara handlioe andlretc,rma~c
(Values r.f().·-··tsWL-11) ! '

'
k Noise sample window label Input Prom Datil handling andl re+.~

Nominal value of •1 Input Prom iDstrumcnt daat
ia1(nom)

fo Offset frequency for wave mode Input From instrument dam
calibration dara

i I

I

GeO Elevation pin pattom Input Prom instrument datll
I

'~Co>nom Nominal value of ~Co> Input Prom insaUn1cm dara

«-
Table 1 Internal Calibration Variables

I
I

ENVISAT·l• l'roJea I

:vi: L6, ~n1 s0~ ~.6P'



vE:E1 l6, ~n1s0
I/It;. /C'C' " _J "11--I /""J-:Jt'\ /(T '"'1-:J! r-, ,......c--, ,.....,.. t r"

eesa Doc.No:PO-R&-ESA.QS.00245

ASAR Issue :3.3
Date : 1July 1997

Project Sheet :63

ENVISAT-1

VARIABLl!S DESCRlPIMi NAME INPUI'JOUll'UT VALtJE/UNlI'SIREFE

p Nominal elevation pointing of antenna Constant 26.2°
mccbaaical boresight

P1 Elevation pointing bias c:Slirnace From External Characterisation

Pa1(m) Awdliary cransmit power meesurmnent Input Prom clacabandlin&and reformatting

kn Normalisation facror ro image pixel for Input Processor dosign dependent
instrumcru noise measurement

K Number of noise willdows aw:ragcd Consranc 8

s Cemte of swarb elevation anitc Input From iosmlrnent dai:a

0 RefeNDCCelevation angle Input From insaumcnt data

fn,pO Complex factor characterising the palh Input From instrument data
duoulh the calibration loop and from
rhe calibradon coupler te rbc antenfta
fa'10 for row n. polarisation p

gn,p Calibration loop paths c:lwaeterisation Input Prom External Chanc:terisacion
factors relative ro free space

Pt Label for Tx polarisation Input Pc"'°:V from dara Handlill&
Prl:H and formatting

Pr Label for Rx polarisation Input pt"(>;V from data Budling
i>J=l:H and Fonnauing

Pulse length Input From data handling and Mformatring

•1,n,nom;31,n,nom; Nominal values for amplirudes and Input FtOm instrument dal8.

~ ·0 phases of calibration pulses l, 2 and 3
,n.,nom• \,n,nom;
0 ·02,n,nom• 3,n,nom
;

Rcp(t) Replica Owpur

~.mt<L> Calibrated an=ma elevation gain u a Output
function of die look elevation angle

N Noise power correction flet0r Ourput

Table 1 Internal Calibration Variables (Continued)
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The processor shall: ,
Calculate amplitude of each sample for each calibration pulse for the mth cycle of cali tiokt
data: I

Proj~T-1

4 F.quation(sl

Note the following equations apply separately for each swath, sub-swath and polarisatipn.

4.1 Calibration pµlse Processing

,
a\n.mCt) =[Z~1,n,m(t)+Zij,1,l'\m(t)f

I

·afA,n,m<t>= (zLA.n.mCt)+z~.1A,n,m<t>r
az,n.m (t)=[zi2.n,m (t)+ Z~.2.n.mCt)t

a3,o,m( t) = [z?,3,n,m(t)+z~.3,n,m(t)t
For wave mode:

Z1,3,o,m(t) == Z1.J),m(t), All n

ZQ,3,p,m(t) = ZQ,3,l,m(t),All n

In the above equations ZJ and 1-Q arc the I,Q components of Z.
For pulses 1, 2 and 3, find the largest amplitude, ie

al.n,m(max) •greatest of a1,n,mCt)

a2,n,m(max)= greatest of a2,n,m(t)

a3,o,m (max)= greatest of a3,o,m(t)

For pulses 1, 2 and 3, average those amplitude samples which me greater than a given proportion k ~ o.'*17
of the peak value (those which are within 3 dB of the peak). ie:

I

1 tll .•NH

81,o,m =NL81,n,m (t)
1 t=tu

IA"

£NVJSAT·1·Project
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Except in wave mode, the processor shall compress calibration pulses prior to phase
extraction:

Project:ENVISAT·l

a3,.•• (t1!_1)S k- a3,..,m(max)< al.a.m (t11) and

~,11,111(t1,..,N,)S k·a3.-(max) <a3.n.m (tr,+N,-i)-

For pulse lA, average amplitude samples over the sample window, ie:

1 tsWL(cal)-1
a - "t'a (t)IA,n,m - eonn , --n. k lA,n,m

t=to

where

+t/2

Z'1,n,m (t) = J Rep* (t')·Zi,ll,m (t + t') dt
-112

+t/2

Z'lA,D,ID (t) • IRep* (t').ZtA,11,m(t +t') dt
-t/2

+l/2

Z2,a,m (t)= JRep* (t') ·Z2,a,m (t+t') dt
-t/2

+t/l

Z'3.n.m (t)= JRep * (t') ·Z3•11,..,(t + t') dt
-112

Find the largest amplitude sample for each pulse, ie:

IZl,n,m (max) I= greatest of IZ'~n,m ( t>I

lZtA,n,m (max)j =greatest of IZIA.n.mCt)j

IZ2,n,sn(max)( =greatest of IZ2.n.m<t>I

IZ3.n.m(max)!= greatest of IZJ,n,mCt)I

ENVISAT·l - Project
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In wave mode, the processor shall correlate the pulses with a complex sinusoid a' the
offset frequency f0prior to phase extraction, Le.:

+112

Z l,a.m(max) ::: Jexp(-j2pf 0t}·Z..n,m (t) dt
-112

+t/2

Z'iA.a.m (max)= Iexp(-j2pf ot). zlA,n,m (t) dt
-112

+1/2

· · -Z'2.a,m (max) « Jexp(-j2pf 0t) ·Z2,n,m(t) dt
-l/2

+t/2

Z'3.n,m (max)= Jexp(-j2pf 0t) ·Z3,a,m (t) dt
-112

Bxtraci the phase for each pulse, ie;

01,a,m = ftan[~,Q.l,n,m (max)]
1,1.n.m(max)

01A,.,,m = ftan[~.Q.lA,a."' (max)]
LlA.11.m (max)

02,n,ai • ftan[~Q,2.n,m (max)]
1,.2,n,m(max)

03,n,m = ftan[~.0.3.a,m(max)]
1,l,n,111 (max)

l
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arctan[~J x > O

p+arctan[~] x< 0, y ~ O

11an[~Haman[~]-px<O. ySO

~ x=O, y>O

p·2 x=O, y<O

i) j .__ I0 X =0, y = 0
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Adjust pulse 1 measurements for pulse lA measurements, and nonnalise, ie:

Normalise pulse 2 measurements to pulse 3 measurements, ie:

a = a2 /a3rx,n,m ,n,m ,n,m

4.2 Elevation Gain Function Calculation

Apart from the Elevation Gain Function calculation, the processor shall calculate the mth
version of the reference gain function, ic:

~ 1

2

G,,m(80) = aa,n,mexp(j0n,a.m)·f~. (60).g,.,,,
1

Gzm(B0)=G~(80).Gr,m(60}

Scale two-way elevation gain pattern, ie:

Where G2Co>nom is calculated in an identical way to G2,m(o) except that nominal values of
calibration pulse amplitudes and phases are used; that is al n ms a1A nm• al n.m- a3nm''' '' ' ,,

SE:E1 L6, ~nl 80
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01,n,m' 01A,n,m1"2,n,m• 03,n,m are rep~cd by •1,n,nom, 0, ~.n,nom• a3,n,nom•
01,n,nom• 0, 02,n,nom and 03,n,nom

Convert scaled antenna pattern to a function of look angle, i.e.:

G2_111.T(L) =G;,.(8+P+~)

(The processor shall update the above function when a new SCI: of calibration pulses for n • 1,32is ~taiiied.
This takes typic:ally1~31 seconds). . · I

4.3 Replica Construction

In all modes except wave mode, the ASARCP shall be able to use the calibration pu+· fbr
the :rep\iC!construction. In wave mode, where CW pulses arc used for the internal
calibration, a separate chirped pulse mea$11181Delltis made for each.calibratiQnpulse l~2 rd .
3 exciting the whole antenna. therefore the processor shall be able to Usethe different '
algorithms as described below for the wave mode and the othq;,modes.

FOB ALLMQDM EXCEPT WAYE MODE
Calculate time varying phase through calibration pulses, ie

0 (t) = ftan[Zg.1.n.m (t)]
1,n,m 7 (t)

LIJ,l,n,m

01A,a.m (t) = ftan[Zo.1A,ua (t)]
Zi.IA.n,m(t)

02•••• (t) = ftan[Zo.2.a.• (t)]
Zi.2.n,m (t)

03,n.m (t) =ftan[ZQ.3.a.m(t)]
Zi.3.n.m(t)

whereZI and ZQ are the l,Q components of Z and f tan (y/x) is defined in Section 4.3.5.of. l. 1

Using within pulse amplitudes as determined in Section 4.3.5.4.1, calculate mth replica.

Rep(t)=Ft[ \1(R1,m(t)]·Ffr2,111(t)] ]
( F{al,11,111 (t)exp{j03.n,m (t))])

11

wh=e F[ ] inditates Fourie:rTransform
rl[] indicates Inverse Fourier Transfonn
< >n indicates an average overn

:ENVISAT-1 - Project I
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32
Ri m(t) = I a., n m(t)cxp(j0tx n m(t))fn p (Bs>ln p

' n = 1-.x, ' • ' ' t ' t

32
r2,m co = n: 1a2,n,m (t)exp(j02,n,m (t))f°u,pr (Bs>gn,pr

Rep (t) shall be updated when a new set of calibration pulses (for n = 1, 32) is oblained (This takes typically
14-31 seconds operating in the mode).

FOR WAVE MODE

In wave mode the processor shall be able to use the chilped calibrationpulses 1. 2 and 3 for
the consaucti.on of the replica,

where

32

fg = L fia,p(9,)-gn,p
11=1

F[ ] indicatesFourier Transform
P-1 [ ] indicates Inverse Fourier Transform

Rep (t) shall be updated when a new set of calibrationpulses is obtained, i.e. for each
vignette.

4.4 Noise Estimation

Average power over a noise window, ie:

1 tSWL(noisc)-1
p, (m)- ~ (Z2 (t)+Z2 (t))N,k - ~nn , . ) ~ l,N,k,m Q,N,lc,mnoise t-to

where ZJ and ZQ are the I. Q components of Z. Average over noise windows, ie

Jn the Image and Alternating PolarisationModes, only PN (1) is calculated as above. Thereafter

ENVISAT-1-ProJea
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PN(m) = PN(1)•RG(m) I RG(l)

where

32 2
RO(m) =( I,a2 n.m> IP11(m)

n-1 ,

PN(m) is then normalised to the image pixel to give the mth value of the noiser ~er~ti·
mate N specifically;

1

N=k,iPN(m)

~ <PN{~)~ updated typically after 3-31 seconds)
A noise estimate shall be done by scheme 4.

!
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