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FOREWORD

The suite of Sensor Independent Complex Data (SICD) standardization documents describe
the implementation of SICD products for complex image data gexeog Synthetic
Aperture Radar (SAR) systems and their gaitacessing elements.

A SAR complex image is an intermediate data product. The real utility is in the products and
measurements that may be derived from it. The quality of the pixel array (resolution, SNR,

etc.), along with the set of metadata provided,aitical in generating the derived products.

The Asensor independenceo of the SICD produc
array and metadata options to accurately describe the image products from many sensors and
data processing systemsnSer independence does NOT mean that all products have the

same format for the pixel array or the same set of metadata parameters.

The SICD documentation has been organizedthreevolumesand a set of XML
implementation artifacts. The three volumes are summarized below. The collection of SICD
XML artifacts includes the schema documents that define the correct implementation of the
XML metadata document included in a given product.

Volume 1 Design & Implementation Description Document

Containgthe description needed by producers of SAR complex impeggictsto design a
SICD product and the set of metadata that describe it.

Volume 2 File Format Description Document

Defines the placeméwnf SICD data products in the allowed image file forma#{so
providesthe description needed by users of SICD products to read and properly extract the
SICD data components from a SICD product file.

Volume 3 Image Projections Description Document

Describes the SICD sensor model and the correct projections from image location to ground
point and from ground point to image location for all SICD products

A companion suite of standardization documents, collectively known as Sensor Independent
Derived Data (SIDD), descritsestandardized products and measurements that may be
derived from SICD.

The SICDand SIDDdocumentation and associdféML artifacts are available on the
National System for Geospatikitelligence (NSG) Standards Registry
(https:/Insgreg.nga.mil).
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1 I ntroduction

Synthetic Aperture Rad@d8AR) systems are capabdé high fidelity ground imagingising
many types of platforms and a varietiyradar technologiesThe platforms carrying SAR
systems range from low flying aircraft to earth orbiting satellites. The radar systems
operate in a wide range obllection geometriesThe radar operating frequencies range from
several hundred megahertz to tens of gigah&€he.SAR image resolutiacanvary from

many meters ta fraction ofameter The imaged area can vary in size from a fractioam of
square kilometer to hundreds of agel kilometers.The majority of SAR systems use a
single radar platforno transmit and recei@nonostatic imagingalthougha relatively small
number of systems use a pairradar platforms operatirgp separate transmitter and passive
receiver (bistat imaging.

These systems all employ the fundamental SAR imaging princiRlesolution in range is
achievedoy controlling the bandwidth of the radar waveform. Resolution in cross range is
achieved by coherently processing observatimm a span ofiewing anglsto effectively
synthesizen array with fine angular resolutioithe range resolutiorbR) isinversely
proportionalto the bandwidth (BW) of theadarwaveform. The azimuth resolutioDX),
expressed asdistance in cross range, is a functarihe center frequency of the transmitted
waveform (Err) and the variation in viewing anglBd) to agiven point being imagedThe
basic expressions f@R andDA are given intheequationgelow.

DR =°C DA = ¢
29BW Zﬂfcm MTI

The majority of SAR imaging systems operate in one of two common SAR ground imaging
modes. The first is known as Spotlight mode. In the Spotlight mode, the scene being imaged
is illuminated throughout the colleoh period. The second is known as Stripmap mode. In
themost commorStripmap mode, the scene being imaged is a strip of ground that is oriented
parallel to the trajectory of the platform. The radar is controlled to illuminate the portion of
the strip abroadside. Individual ground points are imaged as they pass through the radar
beam. A more general form of the Stripmap mailitaws for the strip being imaged to be at

an arbitrary orientation k&tive to the ground trackThe radar control requiredrfthis mode

is more complex due to the dynamic nature of the radar imaging geormbisynore

general form of stripmap mode is referred to as Dynamic Stripmap.

A Synthetic Aperture Radar (SARhdits associatedata processingystens arecapable of
producingmany types oimage productsTheimage formation processing exploits the
coherent nature dhecollected SAR signals to form tlage The initial image formed is
usually atwo-dimensionatomplex pixel grid that represents thdaareflectivity of the
scane that wasmaged.The complex pixel values contain information about both the
amplitude and phase of the reflected radar signéie mapping of the thredimensional
scene reflectivity to the twdimensional image is a funoti of boththe SAR imaging
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geometry and thenage formation processind=or most complex images, the spatial
sampling of the image is closely related to the natural coordinates of the radar imaging
geometry (for example, range acrbss range

The SAR omplex image have great utility in that many other image produetaybe

derived fromthem The derived products incluéman viewablémages that are accurately
geclocaied. The complex image retains information regarding the amplitudehease of

the scene reflectivityithin the processed frequency band #melspan of viewing angke

Many wseful products that exploit the phase of the scene reflectivity may be derived from the
complex image For example, @air of complex images taken at different times may be used
to detect small scale changes in the stkatarenot noticeable in the viewable products.

The Sensorindependen€omplexData(SICD) producthas been developed to staured
transmitcomplex image products from a wide range of $®Rsors and data processing
systems A SICD product containghecomplex image pixellataanda set of metadata
describing both the radar collection and the image formation proceSgwegSICD product
accanmodates images withe following attributes.

(1) Accommodateimages from many sensors including battborne andpaceborne
SAR sensors Full support fomonostatiamages and limited support for bistatic
images

(2) Supportimagescollected with anyf thecommon imaging modes including
Spotlightmode side lookingStripmapmodeor Dynamic Sripmap

(3) Supportimages formed using armage formation algorithm Enable precise
exploitation with images formedith the primary image formation algorithms.

(4) Enable products from new sensors to be readily understood and exploited using
existing tools.

What Is Meant By fiSensor Independend Complex ImageProducts?

A SAR complex image is an intermediate data prodiitte realutility is in the productsand
measurementhiat may be derived from ifThe quality of the pixearray (resolution, SNR,
etc.)along with thesetof metadata mvidedarecritical in generatinghe derived products.
The fAsensor fithe 8IEDpodutteaiers o dabibty of the allowed pixel

array and metadata options to accurately describe the image productsgdnysensors and
data processing systengensor independence does NOT mean that all products have the
sameformat for the pixel array or the sarset of metadata parameters.

The SICD productpixel array allows for onla limited number of pixel formaendpixel
array orientations. The pixel format options allow for file size versus dynamic rabge to
balarced while limiting the number of possibiliti@s exploitatiorapplicationmustbe able
to interpret. The orientation of the pixel array is also limited so #raexploitation
applicationwill not need to be capable of handling all possible orientatidasiety inthe
inputarray orientation does not add utilttyany derived product
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All SICD products are supplied with metadata that may logiteigivided into two types:

(1) product identification parameteasd (2)SAR sciencgarametersThe poduct
identification parameters identify the SAR platform that collected the image, the time and
date of the collection, etc. The product identification parameters may also include
parameters related to the tasking requestititeéatedthe collection.The SAR science
parameters are those used to describe the collection and processincpofipleximage. In
general, lhe SAR science parametenr® those usealong withtheimagepixel arrayto
producethe deriveddataproducts.

The product identifiation parameters are grouped as a single block within the metadata
structuree.The product identification parameters it
b a s e d 0 Ogtional fielsmay also be included tlaaéneeded by the systesthat store

and disseminatthe image productsThe product identification parameters are NOT sensor
independent. Product identification paramefboth the number antheir definition) are

ALWAYS specific tothe SAR sensolandthe tasking, processing aptbductdissemination

systens. They are however, readily identified in all produdtglependent of th8AR

systemthat produced the product

The SAR science paramet@m®vided withan image arealsodependent on the SAR system
that produced the image (i.e. btthe SAR sensor a@the image formation procesyoi he
SAR science parameters incluggjuireddatablocksandmayalsoinclude a number of
optionaldatablocks. The requireldlocksare common to all images aate needed for
fundamentaéxploitation For advanced SARystemsmanyadditional parametersaybe
provided via theoptional data blocksThe optionaparameterswhen available, allow fahe
full exploitation ofawell-calibrated SAR senstimage formation processing system

TheSICDpr oducts are fisensor independento in thi
from an independenset of paramers Parameter definitions are independent of both the

sensor and the image formation processor. Sensor independence means that a pasameter ha

the same definition for all sensors and processing systems that choose toiinclude

SICD Design Documents

The SICD product design description documents are contained in this and several other
documents. The set of additional documents is listecbteTt1.

Table 1-1 Applicable Documents
Number Title Date
NGA STND0024-2_1.1 | Sensor Independent Complex Data, Volume 2, 30 September 2014
File Format Description Document, V1.1
SICD_schema V1.1.0 2014 09 30.xsd 30 September 2014
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1.1  Product Design& Definition

A SICD product contains a singBAR complex image andset of metadata that describes
how the data was collected, how the data was processdldeapdrameters needed for
exploitation The image data is a single twamensional grid of copiex valued pixels.The
image data has been processeaththat the fundamental@mensional impulse response
varies smoothly across the imadgguch an image will have a smoothly varying amplitude
and phase responaerossheimageprior to any spatidl variantimagebasedorocessing
that may be applie(e.g.image patckbased focus corrections

A SAR imaging collectio may be characterizextross multiple dimensions. The

dimensions include the time span of tledlexction, the collected RF bandwidand the
dimensions of the area that was imaged. Additionally, a particular platform may
simultaneously collect multiple radar channels (e.g. multiple polarizatidr&)CD product

will contain only a single image. Multiple images from the same calleate placed in
separate SICD products. The SICD metadata will describe the image data contained in the
productwith respecto which radar channethe portion of the collection timtéhatwas

processed anithe portion of the RF bandwidtthat wasprocessed Optionalmetadatanay

be included talso describe the entire collection (all channels collected, total area imaged,
etc.).

The SICD product definition for a particular SAR sensor and data processing system starts
with anassessment of the &adtion types, collection modes and image formation processing
algorithms usedb produce the complex image producfdso to be considered are the

derived image products to be produced and the types of exploitation to be supported. From
these consideriains,a set of metadata parameters are selected from the available SICD
metadata parameterghis set of metadata parameters is referregstometadata profile

The metadata profile includes both the product identification parameters and the SAR scienc
parametersThe metadata profile wilhclude all required parameterxynditional

parametergas appropriatedndthe optional parameterthat may apply.
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1.2  SICD Data Components

A SICD product consists of a pair of data components. The first comperaehtock of
complex image pixel datalhe image pixel block is described in Sections 1.2.1 and 1.2.2
below. The second component is a block of metadata expressagthe eXtensible

Markup Language (XML)Version 1.0 The metadata contaitise seleadset of parameters
that describe the imaging collection and the datagwsing that formed the imaga.
description of theXML implementation and a complete list wletadata parameteiss
contained in Secti@?®, 3 and 4below. The precise XML implementation is defined in the
SICD XML Schema.

1.2.1 Image Pixel Array

The SICD image pixel data block is a single #imensional array of complex nhumbers.

The image pixel array contains NumRows rows by NumCols columns. The SICD image
array size limits have not been established. The following are estimated values that are not
expected to be exceeded in any current or foreseeable products.

NumRows: 1to 1,000,000
NumcCaols: 1 to 1,000,000
Number of Pixels: 1 to 100,000,000,000 ¢£.100,000 x 1,000,000)

The SICD image pixel data may be stored in orthiafeallowed formats. The selected
pixel format is specified by parameter PixelType. The allowed pixel types are as follows.

PixelType = RE32F_IM32F

Each pixel is stored as a paf numbers that represent the real and imaginary
components. Each component is stared32-bit IEEE binary32floating point
format (4 bytes pecomponent, 8 bytes per pixel).

PixelType =RE161_IM16I

Each pixel is stored as a pair of numbers thatsat the real and imaginary
components. Each component is stared 16-bit signed integer i2 6 s
complemenformat @ bytes per componemt,bytes per pixel).

PixelType =AMP8I_PHSS8I

Each pixel is stored as a pair of numbers that represeafrtpktude and phase
components. Each component is staredn8-bit unsigned integefl byteper
component? bytes per pixel).

The real and imaginary or amplitude and phase components of a given pixel are interleaved

such that they are stored in adjacent bytes.real and imaginargomponentsthe real

component is stored firskoramplitude and phassmponentsthe amplitu& component is

stored first. For a given image, all pixels are stored in the same forelat The binary

numbers are stored with the Most Significant
The Big Endian byte order is required for placemerg NITF 2.1 container file.
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The size of the image pixel array is determined as follows. The number of bytes per pixel is
denoted by parameter BytesPerPixel (where BytesPerPixel = 2, 4 or 8). The adjacent pixels
within a row are stored in adjacent byweghin the file. The NumCaols pixels of the first row

in the image array are stored in the first bytes in the file. The total size of the image array is
as follows.

Pixel Array Size (bytes} Bytes Per_PixalmCols NumRow:

1.2.2 Image Arrays: Full Image & Sdlmage

The image pixel array contained in a SICD product may be the initial image array as

produced by the image formation processing system or-aregde extracted from the initial

i mage. The initial i mage i-image, sofm@nesrredededt o a s
to as an @i mag e-diménsignal portion ®f the fulsimagey Mhe full iwage

pixel array is NumRowsFI rows by NumColsFI columns. An example full image array is

shown in Figurel.2-1. The rows of the full image pixel arraye indexed as follows.

Full image row index: row= 0,1, 2,..., NumRowsFIl.
Full image column index: col = 0,1, 2,..., NumColsFI1.
——— Global Column Index (col) —»
0 col, NumColsFI-1
| | |
o —_—
I §
s - g
o 3 5
— 2 c 2
3 : = :
= S Q 2
< ] ) ‘0
) E 3
2 s 5
e G £
S z_
X 9
T .
8 Pixel (row,,col:)
o
v o=
o
[%2]
=
[e)
@
E —
>
Z
Figure 1.2-1 Full Image Pixel Array
Global imageindices (row, col)address the elements of the pixel array
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| mage pixel indices (row, col) are referred
the full image is indexed row = 0. The first column of the full image is indexed col = 0.
Parameters NumRowsFI ahMilimColsFI are contained in the XML metadata for all image
products.

Image size parameters NumRows and NumCols always denote the size of the image pixel
array contained in the product file. The correct exploitation of arsage is dependent

upon the rlative position of the submage within the full image array. An example sub
image array and the full image array from which it wasaetéd are shown in Figure 122

The first row of the sulimage (indexed row= 0) is extracted from row = FirstRow thfe

full image. The first column of the suimage (indexed cgk 0) is extracted from col =

FirstCol of the full image. FirstRow and FirstCol are contained in the XML metadata for all
image productsFor a full image product, parameters FirstRow =@ BirstCol = 0.

Global Column Index (col)
0 FirstCol NumColsFI-1
o
Full Image

g % COls‘ =0 colg = Nu‘mCoIs-l
< £ rows=0 — —
3 B ) %
g T Sub-Image %
= 04
& 5
= p4
Qo
o 4
O

g rows = NumRows-1

(@]

4

g < NumColsFlI >

z

Figure 1.2-2 Full Image & Sub-Image Pixel Arrays
The subimage pixel array relative position in the full image array is given by
parameters FirstRow and FirstCol.
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1.3 Container File Formats

A single container file format has been selected for SICD product files. The format is the
National Imagery Transmission Format, Version 2.1 (referred to as NITF 2.1). The NITF 2.1
standard is described in MiEBTD-2500C, National Imagery Transmission FatnVersion

2.1, dated 01 May 2006A detailed descriptionf theSICD data componempiacement into
theNITF 2.1 file components provided in the Sensor Independent Complex Data File
Format Description DocumenSee Table-1 above.Thisdocument corins the

description needed by the producers of SICD products to properly place the SICD data
components into the product filét also containshe description needed by users of SICD
products to read and properly extract the SICD data componentshfeqmoduct file.

The mapping of SICD data components to NITF 2.1 file components is shown in Figure 1.3
1. The example shows a product file witke image pixel array stored in tirmage

Segments. The parameters contained in the XML data are used to populate fields in the File
Header, the Image Stibeaders and the DES Suteader.

SICD Data Components SICD NITF 2.1 Product

\ NITF HEADER \

Image Pixel Data

—
Data Components 2
Mapped To €
NITF 2.1 Product
> ‘ ‘
N
D
Parameters in the 3
XML Metadata XML Metadata are used E

to split image pixel array
and populate headers.

XML DES

Figure 1.3-1 SICD NITF 2.1 Product
SICD data components mapped to NITF 2.1 file components.
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1.4  Program Specific ImplementationDocumentation

For the SAR sensor and data processing system thajamirateSICD products, a Program
Specific Implementation Documesiiould be developed to document the selected metadata
profile. The implementationatument will serve as a guide for those developing the
producs as well agor usersof the products The metadata profile will specify the product
identification parameters as well as f#ected SAR science parameters.

The SICD implementation documesttould addresa number ofimplementation specific
items.This listbelowis providedas a guiddor developingmplementation documents

(1) Identify the SAR platforms for which the image products will be produced
and a brief description of thaattributes. The description may include
imaging modes, number of collected channels, etc.

(2) Identify the Image Formation Algorithms (IFAs) that are used to produce
the products.Proper exploitation is highly dependent upon the IFA used to
produce themage.

(3) Specify the product identification metadata parameters to be included and
the guidance for each parameter. Product identification pararaeters
selected from the Collection & Image Creation Informaf@mameters. See
Table 31.

(4) Specifyproduct file naming conventions. Product file names will usually
identify the SAR platform and the specific imaging collection. For
collections with multiple receive channels, the channel(s) used to form the
image may also be identified.

(5) Specify theamplementation specific values for the header andraduers
of the SICD container file. Tlseparameters arexplicitly identified in the
SICD File Format Description Document. See Tabledbove.

(6) Specify the set of SAR science parameters tleairatuced. Parameters
that will only be included in some products should be identified and the
criteria for including them (e.g. for a particular collection mode or IFA)

(7) For products that usereference frequency when specifying frequency
values, lhe values of the reference frequency indices and the reference
frequencies should be specifieBee Table F below.

(8) If the Matched Collection &ametes block is to be included, the types of
matched collections to bdentifiedare selected. The tegria for match
selection and the optional match parameters to be included (if any) are
specified. See Table 33 below.
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2 SICD XML Metadata

2.1 XML Metadata Structure

2.1.1 Field Name

The AField Nameo column | ists the whole path
The tree structure i s den@tagd nitx Xxa.gy Yoyf. Zizyzyo
is the parent tag of fAzzzo. A particular <ch
proper location within the parent tag. For every instance of a tag in the file, there will also be
an instance of itschildtagBel ow i s an XML example of AXxXxXx.
double value in the example below.
<XXX>

<yyy>

<zz7>3.14159</zzz>

<lyyy>
<[XXX>
2.1.2 Requiredvs. Optonal
The Required / Optional (Req / Opflumn outlines the usage rules of a particuladfiel
There are three options: AR0, AOO0, and nACo.
in the XML tree. The AO0 value means that t
field is conditional and is only included based upon the valuesef &elds. There is one
more caveat to the rules for this column usa
mar ked as fA00 or ACO, then the tag is only r
2.1.3 Types
The Tymd umn XMk Typerokparantetereontained aparticular fieldThe

parametetypes are listed in Table R

Table 21 XML Parameter Types

Type Meaning Example XML Parameter
TXT Value is a string of characters Field: SICD.Collectioninfo.CollectorName
Val ue:PIlma3SARTIr ml dent
ENU Value can be a string of characters or an inte¢ Field: SICD.CollectionIinfo.CollectType
There is a certain allowed set of character stri \/5|e: (must be 1 of the 2 below)
or integer values. . . .
A MONOSTATI Co or ABI
BOOL Value is a Boolean type. Field: SICD.PFA.Comp.Applied
The Boolean type is used to specify true orfal Va | ual: s éid
INT Value is an integer. It may be a positive or Field: SICD.ImageData.NumRows
negative value with an optional positive sign | \/aiue: 1000
(A+0) when positive. '

10
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DBL Value is arealvalued decimal (base 10) numby CollectDuration is: 0.44444 seconds
that when converted to binary format should b
converted to a 64 bitoating point type(e.g. _— o ,
IEEE binary64 floating point)It may be a Field: SICD.Timeline.CollectDuration
positive or negative value with an optional Value: 4.444400000000&201
positive sign (fA+0)
represented in the scientific notation (TH23E
notation) with 16 digits of precision.
XDT Value represents the dateTime XML type. Field: SICD.ImageCreation.DateTime
The dateTime form is: Value: 200808-06T20:27:5512345&
A Y Y ¥MM-DDThh:mm:sss+0
1 YYYY indicates the year
1 MM indicates the month
9 DD indicates the day
T ATO indicates ¢edhe
time section
1 hhindicates hour
1 mm indicates minute
1 ssindicates second
1 s+ indicates fractional seconds
* The secondshouldbe followed by a Z to
indicate the time is in UTC (Coordinated
Universal Time)
*All components are required.
RC Identifies aparent tag thatonsists of a required Field: SICD.ImageData.SCPPixel.Row
row and columrcomponentThe valuef each | \/51,e: 500
component arentegers A1 NT O . ) )
. . Field: SICD.ImageData.SCPPixel.Col
T ARowoO represents
Value: 500
T iAiCol 06 represents
CMPLX Identifies aparent tag thatonsists of a required Field:
real and imaginargomponentThe valueof SICD.ImageFormation.PolarizationCalibra
each component ar e f | on.Distortion.F1.Real
1 0R e aréptesentshe realpart. Value:1.050000000000000E00
T Al magod represents
Field:
SICD.ImageFormation.PolarizatiCalibrati
on.Distortion.F1.lmag
Value:8.0100000000000006E1
XYZ Identifies aparent taghat consists of a x, y and Field: SICD.Grid.Row.UVectECF.X

z component. Thealuesof each componeratre
fl oating DBl®Wi.nt type,

T AXO0O represents th
T AYO represents th
T AZO represents th

Value: 4.444400000000000&

Field: SICD.Grid.Row.UVectECF.Y
Value: 4.444400000000000E01
Field: SICD.Grid.Row.UVectECF.Z
Value: 4.444400000000000E01

11
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LLH Identifies aparent taghat consists of a geodeti( Field: SICD.GeoData.SCP.LLH.Lat
|atitude, |Ongitude and helght above elllpSOId Value: 4.444400000000000E01
component. Thevaluesof each componeratre
floating DBlwi.nt type,

f fiLato represents Field: SICD.GeoData.SCP.LLH.Lon
1 ALonod represents Value: 4.444400000000000E01
T AKAEO represents t
Field: SICD.GeoData.SCP.LLH.HAE
Value: 4.444400000000000E01

LL Identifies aparent taghat consists of a geodeti( Field:
latitude and longitudeomponent. Thealuesof | SICD.GeoData.ImageCorners.ICP.Lat
each componeratre floating pointtype DBLO .| Aot t r i bdiée: = fil: FRFCOH

T.ALato represents |vyaye: 4.444400000000000E01

f ALond represents
Field:
SICD.GeoData.lImageCorners.ICP.Lon
Attribut e:FRWFCOdex A
Value: 4.444400000000000E01

POLY Identifiesa parent taghatconsistof a set of M=2
coefficients for a onelimensonal polynomial | parent Tag: SICD. Timeline.IPP.Set.IPPP
function. Thevaluesof each componetrare ) L
floating DBlwi.nt type, |Attri bdek=e:20fo

T ACoef o0 represents
Field: SICD.Timeline.IPP.Set.FPoly.Coef
A one-dimensionapolynomial input vaable 1 At tr ixpenend= A®o
(Varl). Variable 1 of olerl=M, where M Value: 4.444400000000000E01
equals the maximum value of teeponentl
attribute. . N
Field: SICD.Timeline.IPP.Set.IPPPoly.Co
. At t r ietpanentl= A1 0
The parent tag POLY will have amderl _
attribute. Value: 4.444400000000000E01
Each componerﬁ Coef 0 Wi )dpdnentl( Field: SICD.Timeline.IPP.Set.IPPPoly.Co
attribute.The attribute represents thgponents | At t r ietpenéngl= A2 o
of that coefficient. Zero coefficients may be Value: 4.444400000000000E01
omitted. o
Total number of possible coefficients is:
(M+1)
M
Z(Varl)= g c «(Varlf
m=0
2D_POLY Identifies aparent tag that consists ofat of M=2andN=1

coefficients for a twadimensonal polynomial

12
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function. Thevaluesof each componerare
fl oating DBl®i.nt type,

T ACoef o represents

Two-dimensionapolynomial inputs variable 1
(Varl) and variable 2 (Var2).

Variable 1 of ordet= M, where M equa the
maximum value of thex@onent attribute.

Variable 2 of orde2= N, where N equal the
maximum value of thex@onen? attribute.

The parent tag POLY wilhave an orderl and
order2 attribute.

EachcomponenfiCo e f 0 wi | | h a
and ponent2 attributeThe attributes represen
the exponents of that coefficient.

Total number of possible coefficients is:
(M+21)*(N+1)

Z(Varl,Var2)= g Naq,nn (Varlj. (Var2)

m=0nH

*If a coefficient hasa zero value it may be
omitted.

Parent Tag: SICEErid. TimeCOAPoly
Attribut edfi dirodaee2 1=

Field: SICD.Grid. TimeCOAPolyCoef
Attribute:

fiexponeni = eanent =
Value: 4.444400000000000E01

00

Field: SICD.Grid. TimeCOAPolyCoef
Attribute:

fiexponenl =0 O xpdren2 =
Value: 4.444400000000000E01

10

Field: SICD.Grid. TimeCOAPolyCoef
Attribute:

fiexponeni = 10 expponent = 00
Value: 4.444400000000000E01

Field: SICD.Grid. TimeCOAPolyCoef
Attribute:

Aegpxonent 1l = 21=d0 fiexp
Value: 4.444400000000000E01

Field: SICD.Grid. TimeCOAPolyCoef
Attribute:

fiexponeni = 2 expponen? = 00
Value: 4.444400000000000E01

Field: SICD.Grid. TimeCOAPolyCoef
Attribute:

fiexponeni = 2 expponen? = 10
Value:4.444400000000000E01

XYZ_POLY

Identifies aparent taghat consists of a x, y and
z component. Each component is a POLY typ

Each parent tag, X,Y,Z will have the orderl
attribute.

Each fiCoef

attribute.

component

T AX. Coef O

represen

M=1

Parent tagSICD.Position.GRPPol¥X
Parent tagSICD.Position.GRPPoly
Parent tagSICD.Position.GRPPol¥
Allhaveana t ri but e: filor
Field: SICD.Position.GRPPoly.X.Coef
Attribute: fiexponentl= 0 0

Value: 4.444400000000000E01

13
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coefficient

T AY. Coefd represen
coefficient

T AZ. Coefd represen
coefficient

A one-dimensional polynomials with same inp
variable 1 (Varl).

Total number of possible coefficients is:
3Ix(M+1

eM
éa cx,+(Varl)"
&X(Varl) gé‘;(’
V(vary)=Y(var)) U= cy,- (Varly
7 ~ An=0
gZ(Varl) g S“M

éa ¢z, (Varl)’
€m=0

*If a coefficient has a zero value it may be
omitted.

Field: SICD.Position.GRPPoly.X.Coef
At t r iciportergl= fi 0O
Value: 4.444400000000000E01

Field: SICD.Position.GRPPoly.Y oef
At t r idxporestl= 6 0
Value: 4.444400000000000E01

Field: SICD.Position.GRPPoly.Y.Coef
At t r ieiportergl= 10
Value: 4.444400000000000E01

Field: SICD.Position.GRPPoly.Zoef
At t r iexporestl= 6 0
Value: 4.444400000000000E01

Field: SICD.Position.GRPPoly.Z.Coef
At t r iesportergtl= 101
Value: 4.44440000000000E01

2.1.4 Description

Then De s

cri ono col umn

pti

explains

t he

groups its following fields under the same section. An examlareaneter SICIECP Gee
Table 33). The fields ECF and LLH represent the earth center fixedjeodetic
coordinates of the SceneterPoint.

i SICD.GeoData.SCR Is a Block
1 SICD.GeoData.SCP.ECK ECF is a parameter under the SCP, representing SCP information
i SICD.GeoData.SCP.LLHA, LLH is a parameter under the SCP, representing SCP information.

2.1.5 Units

The

AUNI

t so

seconds (sec), meters (m), seconds per met€m(s meters per second (rafy, Hertz (Hz),
Hertz per second (Hz/sed)egrees (deg), decimal degrees (dgitles (cyc)cycles per

meter (cyc/m), cycles per meter squared (cyc/m**2, etc), radians (rad), radians per second
(rad/®0), radians per second squared (rad/sec**2, stjples per secolfsamples/sec) and

decibel (dB).
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2.1.6 Rpt
The @0 Repe atiadzdtes ifa tag mdypa repeated There are two Vva
ANO. AYO0O means that a tag may appear more t
only once.

2.1.7 Attribute

The # Atcolunin s usect@associate name=value pairs with elements. It is part of an
element and provides additional information about that element. There are several different
types of attributes. SICD is using the Enumeration and ID type. Enumeration type allow
specific list of values that the attribute must match. The values are listed in the table along
with the attribute. ID type allows a unique identifier for each element. The identifier being
used can either have an integer dataType or a string datahgstring dataType allows a

user to adéensor specific metadata parametdise allowed valueand rangefor the

specified prameter are alstefined in thiscolumn

The attributes that are Enumeratibype from the Attribute column in Tald&-1 through 3
15

T index = d1#&8RFRLCO
The attributes that are I§pes fom the Attribute column in TablesBBthrough 315:
T name = ,§ting X O
T index,=imx eger
T size= Ax0, 1 nteger
1 ordel= AMO, integer
1 odeRr= fANO, integer
T exponentl= A0 to Mo
T exponent2= A0 to NO

ExampleXML of Attri butes fAsized and Aindexo
Field: SICD Grid.Row.WgtFunct. WgtAttribute:size= diaxnd i ndex =f x 0

<Wgt Functd> si ze=n4
<Wgt index= fAlo> value here </ Wgt >
<Wgt index= 20> value here </ Wgt
<Wgt i ndex AdWgt> val ue here
<Wgt i ndex A40> value here </ Wgt

</WgtFunct

15
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3 XML Metadata Parameter List

The SICD metadata parameters are divided into blocks of related paramBleteks.are

marked as Required, Optional or Conditional. Required blocks may contaiogtiathal
andconditionalparameters. Some blocks contain fields that permit sensor specific parameter
additions called Parameters.

3.1 XML Metadata Block Summary

(1) Collection& Image Creation Information Required

Parameters that identify the collectimeluding specific platforrfs) and imaging collection.
Includes product classification and release parameters as appliSael@arametefisted in
Table3-1.

(2) Image Data Parameters Required

Parameters that describe the image pixel array. Incthdetimensions of the image pixel
array in the product, the original full imagexel array and areas of zefiled pixels if
applicable See rameters listed in Tab82.

(3) Image Geographic Reference Parameters Required

Parameters thatescribe lte geographic coordinates of the region covered by the image
Geographic coordinates are of BEP Scene Center Po)nand the image corner points are
included. See arameters listed in Tab&3.

(4) Image GridParameters Required

Parameters that dabe the spatial samplingpresented bthe sample gridincludes he
type ofsample grid, the sample spadramd resolutions Includes parameters describing the
two-dimensional spatial frequency domaisee parameters listed in TaBld.

(5) Collection Timeline Parameters Required

Parameters that describe the imaging collection timeline. Includes the collection start time,
collection duration and the radaulse repetition interval / intgyulse period parameters
See parameters listed imfle3-5.

(6) Referemre Position Parameters Required

Parameters that describe filatform and groundeference positions in ECF coordinates
versus time. Includes the effective Aperture Refer@&uirt positionand the Ground
Referencdoint position Theindividual transmit and receive phase center positions are
optional parameters. See parameters listed in Bable

16
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(7) RadarCollection Parameters Required

Parametes that describe the radar collection including area covered by the collection and the
finest SAR resolutions that may be achiev@dansmitted waveform parameteénsludethe
transmitted bandwidth and polarization(&eceiveparametersclude thenumkber of

channels and the polarization()ransmittedrequency valuemay be expressed affsets

from a reference frequencysee parameters led in Table3-7.

(8) Image Formation Parameters Required

Parameters that describe the image formation prmggsarametershat produced the image.
Parameters indicate which receive channel(s) were processed. Parameters describe the
portion of the collection time and bandwidth processed. See parameters listed iB-8.able

(9) SCPCenter Of Apertur@arameters Required

Parameters that describe the Center of Aperture time and collection geometry for the Scene
Center Poin{SCP) Parameterinclude the ARRposition and velocity, the imayg side of

track and range to the SCP. Parameters providagpfmost search and discovery. See
parameters listed in Tab89.

(10) Radiometric Parameters Optional

Parameters that enalite=conversion of pixel powdevelto radar reflectivity parameters.
Parametermay be includedo convert pixel power to commalutter reflectivity parameters
(such assg) or point target radar cross section. See parameters listed in3fHble

(11) Antenna Parameters Optional

Parameters thatescribe the transtrand receive antenna patterrfsn option is also
included to @scribe an effective twavay antenna for monostatic operatidharameters
include anénnaorientation,mainlobe pointing andeamshape as a function of tim&ee
parameters listed in Tab811.

(12) Error EstimatiorParameters Optional

Parameters thatescribe the erroiia radar collectiorparameters (e.g. position and velocity)
that allow estimatioof image geolocation parameterSee parameters listed in TaBi&2.

(13) Collection MatchParameters Optional

Parameters thatescribeother known collectionthatare matched to the collection from
which this image was produce&ee parameters listed in TaBl43.

17
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(14) Range & Azimuth Compression Parameters Conditional

Parameters that describe the images formed using simple Rakgen&th Compression
the simplest image formatiaigorithm The resulting image is a simple range, Doppler
image. See parameters listed in Tabl43

(15) Polar Forma#lgorithm Parameters Conditional

Parameters that describe the image formationgasingor images formed usinipe Polar
Format Algorithm. Parameters include the image formation plane ukedpcus plane used,
the mapping of platform position to polar angle, and transmitted frequency to aperture
frequencyscale factorsSee paranters listed in Tabl8-15.

(16) Range MigratiorAlgorithm Parameters Conditional

Parameterthat describe the image formation processing for images formed with any one of
several Range Migration Algorithm&arameters include the refereistant plane ah

portion ofthe spatial frequency domain processé&thrameters commonly used for imaging
near closest approach mayusedwhen applicable See paameters listed in Tabl& 16.

18
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3.2 XML Metadata Parameter Lists
Table 3-1 Collection& Image Creation Information Parameters
Field Name Req /| Type Description Units| Rpt Attributes/Allowed
Opt Values
SICD -
Collectioninfo R This block contains general information - N
about the collection.

CollectorName R | TXT | Radar platform identifier. For Bistatic - N
collections, list the Receive platform.

llluminatorName O | TXT | Radar platform identifier that provided the - N
illumination. For Bistatic collections, list the
transmit platform.

CoreName R | TXT | Collection & imaging data set identifier. - N
Uniquely identifies imaging collections per
Program Specific Implementation Doc.

CollectType O |ENU| Collection type identifier. - N | Allowed values:
Monostatic collections include single AMONOSTATI Co
platform collections with unique transmit AiBl STATI Co.
and receive apertures.

RadarMode R - N

ModeType R |ENU | Radar imaging mode. - N | Allowed Values:
ASPOTLI GHTO,
ASTRI PMAPO,
ADYNAMI C STR
ModelD O | TXT | Radar imaging mode per Program Specific - N
Implementation Document.

Classification R | TXT | Contains the human-readable banner. - N | Default value:

Contains classification, file control & AUNCLASSI FI E
handling, file releasing, and/or proprietary

markings. Specified per Program Specific

Implementation Document.
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Table 3-1 Collection& Image Creation Information Parameters

Field Name Req /| Type Description Units| Rpt Attributes/Allowed
Opt Values
CountryCode O | TXT | List of country codes for region covered by - Y
the image.
Parameter O | TXT | Free format field that can be used to pass ~ Y | name ="xxx", name is a
forward the radar collection information. descriptive identifier for
this information
SICD
ImageCreation O This block contains general information N
about the image creation.
Application O | TXT | Name and version of the application used to - N
create the image.
DateTime O | XDT | Date and time the image creation - N
application processed the image (UTC).
Site O | TXT | The creation site of this SICD product - N
Profile O | TXT | Identifies what profile was used to create - N

this SICD product.

20



SICD Volume 1 Desigr& ImplementatiorDescription

NGA.STND.00241_1.1 (201409-30)

Table 3-2 Image Data Parameters

Field Name

Req /
Opt

Type

Description

Units

Rpt

Attributes/Allowed Values

SICD

ImageData

This block describes image pixel data

PixelType

ENU

Indicates the pixel type and binary
format of the data.
PixelType = RE32F_IM32Fa
- Real & Imaginary components.
Each component a 32 bit IEEE
binary32 floating point.
PixelType = fRE161_IM16la
- Real & Imaginary components.
Each component a 16 bit
signed integer,
PixelType = FAMP8I_PHSS8I 0 :
- Amplitude & Phase
components. Each component
an 8 bit unsigned integer.

Allowed values:
MRE32F | M32Fo,
RE161 orM161 0

i
AAMP81 _PHS8I1 0

AmpTable

Amplitude lookup table for PixelType =
AAMP8I _PHS&Lkt dri but ¢
the number of amplitude entries (always
equal to 256).

size = N2560

Amplitude

DBL

Amplitude table entries. Values
indexedbyn=0,1, 2,..., 255.

indextse H@Q550

NumRows

INT

Number of rows in the product.
Includes zero filled pixels (if present).

NumcCols

INT

Number of columns in the product.
Includes zero filled pixels (if present).

FirstRow

INT

Global row index of the first row in the
product (non-negative integer value).
Set equal to 0 in full image product.

FirstCol

INT

Global column index of the first column
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Table 3-2 Image Data Parameters

Field Name

Req /
Opt

Type

Description

Units

Rpt

Attributes/Allowed Values

in the product. Non-negative integer
value. Set equal to 0 in the full image
product.

Fulllmage

Original full image product

NumRows

INT

Number of rows in the original full
image product. Includes zero filled
pixels (if present).

NumcCols

INT

Number of columns in the original full
image product. Includes zero filled
pixels (if present).

SCPPixel

RC

Scene Center Point pixel global row &
column index. Located near the center
of the full image.

ValidData

Indicates the full image includes both
valid data and some zero filled pixels.
Simple polygon encloses the valid data
(may include some zero filled pixels for
simplification). Vertices in clockwise
order At tri bute fisi zed
NumVertices > 3.

S

ze =0XxX0

Vertex

RC

Polygon vertex pixel global row &
column index. Vertices indexed n =1,
2, ..., NumVertices. Vertex 1
determined by: (1) minimum row index,
(2) minimum column index if 2 vertices
with minimum row index. 1% and last

vertices of polygon connect.

index=1fi 1 0fiat o
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Table 3-3 Image Geographic ReferencéParameters

Field Name

Req /
Opt

Type

Description

Units

Rpt

Attributes/Allowed Values

SICD

GeoData

This block describes the geographic
coordinates of the region covered by the
image.

EarthModel

ENU

Identifies the earth model used for
latitude, longitude and height parameters.
All height values are Height Above The
Ellipsoid (HAE).

Al l owed Val&ses

SCP

Scene Center Point (SCP) in full (global)
image. This is the precise location

ECF

XYZ

Scene Center Point position in ECF
coordinates.

LLH

LLH

Scene Center Point geodetic latitude,
longitude and height.

-90.0 < Lat <90.0, -180.0 <Lon <180.0

dd
dd

ImageCorners

Image corners points projected to the
ground/surface level. Points may be
projected to the same height as the SCP
if ground/surface height data is not
available. The corner positions are
approximate geographic locations and not
intended for analytical use.

ICP

LL

Image Corner Point (ICP) data for the 4
corners in product. ICPs indexed x = 1, 2,
3, 4, clockwise.

x=1¢& Firstrow, First column
x=2¢€ First row, Last column
x=3¢€ Lastrow, Last column
x=4¢ Lastrow, First column

dd

index =

FRFCO or
FRLCO or
LRLCO or
LRFCO

St St St
A~ w DN
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Table 3-3 Image Geographic ReferencéParameters

Field Name

Req /
Opt

Type

Description

Units

Rpt

Attributes/Allowed Values

ValidData

O

Indicates the full image includes both
valid data and some zero filled pixels.
Attribute fAsi zmwdudes N
with SICD.ImageData.ValidData.

Ssize =0x0

Vertex

LL

Valid data points projected to the
ground/surface level. Points may be
projected to the same height as the SCP
if ground/surface height data is not
available. The vertex positions are
approximate geographic locations and not
intended for analytical use. Vertices
indexedn =1, 2, ..., NumVertices.
Vertices in same order as
SICD.ImageData.ValidData.Vertex.

-90.0 < Lat < 90.0, -180.0 < Lon < 180.0

index=f 1 ofiat o

Geolnfo

Parameters describing geographic
features.

Note: The Geolnfo block may be used as
a block within itself.

name = "xxx", name is a
descriptive identifier for this
information

Desc

TXT

Used to specify a name and description of
a geographic feature.

name = "xxx", name is a
descriptive identifier for this
information

Point

LL

Used to specify a single point.
-90.0 < Lat < 90.0, -180.0 < Lon <180.0

dd

Line

Used to specify a dl
connected line segments. The size
attribute represents the number or

endpoints (NumEndpoints)

Endpoint

LL

Line segment endpoints indexed x = 1, 2,

.., NumEndpoints. NumEndpoints > 2.

dd
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Table 3-3 Image Geographic ReferencéParameters

Field Name Req /| Type Description Units | Rpt Attributes/Allowed Values
Opt
Polygon o} Used to specify an area with a polygon. - N |[size = fixo

The size attribute represents the number
or endpoints (NumEndpoints)

Vertex R LL | Polygon vertices indexed clockwise x =1, | dd Y |[index = fx
2, ., NumVertices. NumVertices > 3.

1* and last vertices of polygon connect.
-90.0 < Lat <90.0, -180.0 <Lon <180.0
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Table 3-4 Image Grid Parameters

Field Name Req / Type Description Units | Rpt Attributes/Allowed Values
Opt
SICD
Grid R This block of parameters describes the - N
image sample grid.

ImagePlane R ENU Defines the type of image plane that the - N |All owed values:
best describes the sample grid. Precise ASLANTO, and 0(
plane defined by Row Direction and
Column Direction unit vectors.

Type R ENU Defines the type of spatial sampling grid - N | Allowed values:
represented by the image sample grid. ARGAZI Mo, iRGZE
Row coordinate first, column coordinate AiXRGYCRO, faddCT Y

second.

RGAZIM: Grid for a simple range,
Doppler image. Also, the natural grid for
images formed with the Polar Format
Algorithm.

RGZERO: A grid for images formed with
the Range Migration Algorithm. Used
only for imaging near closest approach
(i.e. near zero Doppler).

XRGYCR & XCTYAT i Slant plane grids
for images formed with the Range
Migration Algorithm. Used for any
imaging geometry.

PLANE i Arbitrary plane with orientation
other than the specific XRGYCR &
XCTYAT above.

fPLANEO .

RGAZIM <=> Range &
azimuth relative to the ARP at
a reference time.

RGZERO <=> Range from
ARP trajectory at zero Doppler
and fiazimutho
strip being imaged.

XRGYCR <=> Orthogonal
slant plane grid oriented range
and cross range relative to the
ARP at a reference time.
XCTYAT <=> Orthogonal slant
plane grid with X oriented
cross track.

PLANE <=> Uniformly
sampled in an arbitrary plane
along directions U & V.

d
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Table 3-4 Image Grid Parameters

Field Name Req / Type Description Units | Rpt Attributes/Allowed Values
Opt

TimeCOAPoly R |2D_POLY | Time of Center Of Aperture (t_COA) S, N |orderl = fMO
polynomial as a function of image s/m, order 2 = ANO
coordinates. The polynomial is a sim?,
function of image row coordinate sim®,
(variable 1) and column coordinate etc.
(variable 2).
Note: Coefficient (0,0) is the SCP COA
time.

Parameters are provided for the Row Direction and the Column Direction.
Row Direction & Increasing Row Index Direction. Column Direction & Increasing Column Index Direction.

Row Direction Parameters

Row R Parameters describing increasing row - N
direction image coordinate.
UVectECF R XYz Unit vector in the increasing row - N
direction (ECF) at the SCP pixel.
SS R DBL Sample spacing in the increasing row m N
direction. Precise spacing at the SCP.
ImpRespWid R DBL Half power impulse response width in m N
the increasing row direction. Measured
at the SCP.
Sgn R ENU Integer sign of the exponent in the DFT - N | Allowedv al uelsd: orfi f

to transform the row dimension to spatial
frequency dimension (Krow).

ImpRespBW R DBL Spatial bandwidth in Krow used to form  |cyc/m| N
the impulse response in the row
direction. Measured at the center of
support for the SCP.
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Table 3-4 Image Grid Parameters

Field Name

Req /
Opt

Type

Description

Units

Rpt

Attributes/Allowed Values

KCitr

DBL

Center spatial frequency in the Krow
dimension. Corresponds to the zero
frequency of the DFT in the row
direction.

cyc/m

DeltaK1

DBL

Minimum row offset from KCtr of the
spatial frequency support for the image.

Deltak2

DBL

Maximum row offset from KCtr of the
spatial frequency support for the image.

Deltak COAPoly

2D_POLY

Offset from KCtr of the center of support
in the row spatial frequency (Krow). The
polynomial is a function of image row
coordinate (variable 1) and column
coordinate (variable 2).

Mo
N o

|
=t

order 1
order 2

1
=t

WagtType

Parameters describing aperture
weighting type applied in the spatial
frequency domain (Krow) to yield the
impulse response in the row direction.

WindowName

TXT

Type of aperture weighting applied in the
spatial frequency domain (Krow) to yield
the impulse response in the row
direction.

Example:i UNI FORMO ,
ATAYLORO, AUNKN
AHAMMI NGO

Parameter

TXT

Free format field that can be used to
pass forward the weighting parameter
information.

name = "xxx", name is a
descriptive identifier for this
information

WgtFunct

Sampled aperture amplitude weighting
function applied in Krow to form the SCP
impulse response in the row direction.
Attribute fisi zeo
weights (NW). 2 ONW

eq

size = AxO0

28



SICD Volume 1 Desigr& ImplementatiorDescription

NGA.STND.00241_1.1 (201409-30)

Table 3-4 Image Grid Parameters

Field Name

Req /
Opt

Type

Description

Units

Rpt

Attributes/Allowed Values

Wot

DBL

Sampled amplitude values that span the
ImpRespBW of the SCP. Weights
indexed n= 1to NW.

index = fAx

Column Direction Parameters

Col

Parameters describing increasing
column direction image coordinate.

UVectECF

XYZ

Unit vector in the increasing column
direction (ECF) at the SCP pixel.

SS

DBL

Sample spacing in the increasing column
direction. Precise spacing at the SCP.

ImpRespWid

DBL

Half power impulse response width in
the increasing column direction.
Measured at the SCP.

Sgn

ENU

Integer sign of the exponent in the DFT
to transform the column dimension to
spatial frequency dimension (Kcol).

Al

|l owed Aadl o s i

ImpRespBW

DBL

Spatial bandwidth in Kcol used to form
the impulse response in the column
direction. Measured at the center of
support for the SCP.

cyc/m

KCtr

DBL

Center spatial frequency in the Kcol

dimension. Corresponds to the zero
frequency of the DFT in the column

direction.

cyc/m

DeltaK1

DBL

Minimum column offset from KCtr of the
spatial frequency support for the image.

cyc/m

Deltak2

DBL

Maximum column offset from KCtr of the
spatial frequency support for the image.

cyc/m
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Table 3-4 Image Grid Parameters

Field Name

Req /
Opt

Type

Description

Rpt

Attributes/Allowed Values

DeltaKCOAPoly

2D_POLY

Offset from KCtr of the center of support
in the column spatial frequency (Kcol).
The polynomial is a function of image
row coordinate (variable 1) and column
coordinate (variable 2).

Mo
N o

order 1
order 2

1 S 13

WgtType

TXT

Parameters describing aperture
weighting type applied in the spatial
frequency domain (Kcol) to yield the
impulse response in the row direction.

WindowName

TXT

Type of aperture weighting applied in the
spatial frequency domain (Kcol) to yield
the impulse response in the row
direction.

Example:A UNI FORMO ,
ATAYLORO, AUNKN
AHAMMI NGo

Parameter

TXT

Free format field that can be used to
pass forward the weighting parameter
information.

name = "xxx", name is a
descriptive identifier for this
information

WgtFunct

Sampled aperture amplitude weighting
function applied in Kcol to form the SCP
impulse response in the column
directon.At t ri bute Asi ze
number of weights (NW). 2 ONW

size = NAxO0

Wagt

DBL

Sampled amplitude values that span the
ImpRespBW of the SCP. Weights

indexed n= 1to NW.
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Table 3-5 Collection Timeline Parameters

Field Name Req /| Type Description Units | Rpt | Attributes/Allowed Values
Opt
SICD
Timeline R This block describes the imaging collection - N
timeline.
CollectStart R | XDT | Collection date and start time (UTC). Time - N

reference for times measured from
collection start (i.e. slow time t = 0).

CollectDuration R | DBL | Duration of collection period. sec N
IPP 0] Describes Inter-Pulse Period (IPP) - N |[size = fxo
parameters.
The size attribute represents the number of
IPP sets.
Set R Identifies a set, x, of IPP parameters. - Y |index= @i x

Minimum of 1 set of parameters required.
Setsindexedx=1,2,¢é number o

TStart R | DBL | Start time for the period relative to sec | N
Collection Start.
TEnd R | DBL | End time for the period relative to sec N
Collection Start.
IPPStart R | INT | Starting IPP index for the period described. - N
IPPENd R INT | Ending IPP index for the period described. - N
IPPPoly R |POLY| IPP index polynomial coefficients yield IPP - N |orderl= @A Mo
index as a function of time t (variable 1),
starting TStart to TEnd.
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Table 3-6 ReferencePosition Parameters

Field Name Req/ Type Description Units | Rpt Attributes
Opt
SICD
Position R This block describes the platform N

and ground reference positions verse
time.

ARPPoly R |XYZ_POLY | Aperture Reference Point (ARP) m, N
position polynomial in ECF as a m/sec,
function of time t (variable 1). Timet | etc.
= 0 at Collection Start.

GRPPoly O |XYZ_POLY | Ground Reference Point (GRP) m, N
position polynomial in ECF as a m/sec,
function of time t (variable 1). Timet | etc.
= 0 at Collection Start.

TXAPCPoly O |XYZ_POLY | Transmit Aperture Phase Center m, N
(APC) polynomial in ECF as a m/sec,
function of time t (variable 1). etc.
Time t = 0 at Collection Start.

RcvAPC (0] Receive Aperture Phase Center N [size =0x0
(APC). The size attribute represents
the number of Receive APC
(NumRcvAPCSs) polynomials below.
Receive APCs inde
NumRcvAPCs.

RcvAPCPoly R |XYZ_POLY | Receive Aperture Phase Center m, Y |[index = fAx0

polynomial in ECF as a function of m/sec,
time t (variable 1). etc.
Time t = 0 at collection start. Index
Aixo indicates the

32



SICD Volume 1 Desigr& ImplementatiorDescription
NGA.STND.00241_1.1 (201409-30)

Table 3-7 Radar Collection Parameters

Field Name

Req /
Opt

Type

Description

Units

Rpt

Attributes

SICD

RadarCollection

This block describes the radar
collection information.

TxFrequency

Transmitted frequency range of
values.

Min

DBL

Minimum transmitted RF
frequency.

Note: Value may be relative
to Ref_Freq. See Section
4.7.1.

Hz

Max

DBL

Maximum transmitted RF
frequency.

Note: Value may be relative
to Ref_Freq. See Section
4.7.1.

Hz

RefFregindex

INT

Indicates all RF frequency
values are expressed as offsets
from a reference frequency
(Ref_Freq).

If RefFregindex included € All
RF frequency values are offsets
from a reference frequency
(Ref_Freq (Hz)). Ref_Freq
value defined per Program
Specific Implementation
Document. See Section 1.4.
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Table 3-7 Radar Collection Parameters

Field Name Req / Type Description Units Rpt Attributes
Opt
Waveform (0] Transmit and receive - N [size = i

demodulation waveform
parameters. The size attribute
represents the number of
waveforms transmitted.

(NumWaveforms).
WFParameters R Parameters for waveform x. - Y |index=Ax 0

Waveforms index
NumWaveforms.

TxPulseLength 0] DBL Transmit pulse length. sec N

TxRFBandwidth (0] DBL Transmit RF bandwidth of the Hz N
transmit pulse.

TxFreqgStart 0] DBL Transmit Start frequency for Hz N

Linear FM waveform.

Note: Value may be relative
to Ref_Freq. See Section

4.7.1.

TxFMRate 0] DBL Transmit FM rate for Linear FM Hz/sec N
waveform.

RcvDemodType 0] ENU Receive demodulation used - N | Allowed values:
when Linear FM waveform is ASTRETCH
used on transmit. ACHI RP&

AiSTRETCH-®amponDe
Receive demodulation.

ACHI RPO -ramiN@n De
Receive demodulation.

RcvWindowLength 0] DBL Receive window duration. sec N

ADCSampleRate 0] DBL Analog-to-Digital Converter samples/| N
sampling rate. sec

RcvIFBandwidth 0] DBL Receive IF bandwidth. Hz N
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Table 3-7 Radar Collection Parameters

Field Name Req / Type Description Units | Rpt Attributes
Opt
RcvFreqStart 0] DBL Receive demodulation start Hz N
frequency.
Note: Value may be relative
to Ref_Freq. See Section
4.7.1.
RcvFMRate 0] DBL Receive FM rate. Set to O for Hz/sec | N
RcvDemodType =
TxPolarization R ENU Transmit polarization type. N | Allowed values:
AVvo, AHO
ARHCO, 0
AOTHERO
AUNKNOWN
FSEQUENCEO
TxSequence 0] Indicates the transmit signal - N [size =0Xx
steps through a repeating
sequence of waveforms and/or
polarizations. One step per
Inter-Pulse Period.
The size attribute represents
the number of steps in the
sequence (NumTxSteps).
NumTxSteps > 1
TxStep R Transmit sequence step index. - Y |index= @i x
Transmit sequence indexed x =
1, 2, €é NumTxSt
WFIndex 0] INT Waveform number for this step. N
See Waveform parameters.
TxPolarization 0] ENU Transmit signal polarization for - N | Allowed values:
this step. AVo, AHO
ARHC ALH
AOTHERO
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Table 3-7 Radar Collection Parameters

Field Name Req / Type Description Units | Rpt Attributes
Opt
RcvChannels R Receive data channel - N |size = #
parameters. The size attribute
represents the number of
receive data channels
(NumRcvChans).
ChanParameters R Parameters for data channel x. - Y |index= @i X
Receive channel indexed x = 1,
2, é¢ NumRcvChan
TxRcvPolarization R ENU Indicates the combined transmit - N | Allowed values:
and receive polarization Av: Vo, f
(ATX: RCVo) for AH: Vo, fi
ARHC: HC
ARHC: LHC
ALHC: RHC
fi L HLEICO ,
AOTHERO
A UNKNOWN
RcvAPCIndex 0] INT Index of the Receive Aperture - N
Phase Center (Rcv APC). Only
include if Receive APC position
polynomial(s) are included.
See Table 3-5.
Area 0] Parameters describing the - N
imaged area covered by the
collection.
Corner R Set of 4 corner points in LLH. - N
ACP R LLH Corner point parameters. dd Y [index =
Cornersindexed x =1, 2, 3, 4 dd
clockwise. m
-90.0 < Lat<90.0, -180.0 <
Lon <180.0
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Table 3-7 Radar Collection Parameters

Field Name Req / Type Description Units | Rpt Attributes
Opt
Plane @) Parameters describing a - N
rectangular area in a geo-
located display plane.
RefPt R Reference Point parameters. - N | Optional:
name = fi
ECF R XYZ Reference Point in ECF. m N
Line R DBL Reference Point line index. - N
Sample R DBL Reference Point sample index. - N
XDir R X Direction parameters of the - N
geo-located plane. X direction
is the increasing line direction.
UVectECF R XYz Unit vector in the X direction m N
(ECF).
LineSpacing R DBL Line spacing in the X direction. m N
NumLines R INT Number of lines in the X - N
direction.
FirstLine R INT First line index. - N
YDir R Y Direction parameters of the - N
geo-located plane. Y direction
is the increasing sample
direction.
UVectECF R XYz Unit vector in the Y direction m N
(ECF).
SampleSpacing R DBL Sample spacing in the Y m N
direction.
NumSamples R INT Number of samples in the Y - N
direction.
FirstSample R INT First sample index. - N
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Table 3-7 Radar Collection Parameters

Field Name Req / Type Description Units | Rpt Attributes
Opt
SegmentList O Segments that correspond to N |[size=0x0
the RadarCollection.Area.Plane
defined above. (XDir/YDir)
Segment R Defines the data boundaries of Y |i ndex=0x
the segment. Segments are
indexed x = 1,
segments in radar collection
plane.
StartLine R INT Start (first) line of the segment. - N
StartSample R INT Start (first) sample of the - N
segment.
EndLine R INT End (last) line of the segment - N
EndSample R INT End (last) sample of the - N
segment.
Identifier R TXT Identifier for the segment data - N
boundary defined above
Orientation 0] ENU Describes the shadow intent of - N | Allowed values:
the display plane defined AUPO, i D
above. ALEFTO,
AARBI TRA
Parameter 0] TXT Free format field that can be - Y | name ="xxx"
used to pass forward the radar A X xisxad
collection information. descriptive
identifier for this
information
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Table 3-8 Image Formation Parameters

Field Name Req / Type Description Units | Rpt Attributes/Allowed Values
Opt
SICD
ImageFormation R This block describes the image - N
formation process.
RcvChanProc R Parameters of the received - N
processed channel
NumChanProc R INT Number of receive data - N
channels processed to form the
image.
PRFScaleFactor 0] DBL Factor indicating the ratio of the - N
effective PRF to the actual
PRF.
Chanlndex R INT Index of a data channel that - Y
was processed.
TxRcvPolarizationProc R ENU Indicates the combined transmit - N | Allowed values:
and receive polarization AV: Vo, AV: HO, A H
(ATX: RCVo) proc ARHC: RHRHC: L HCO
the image. ALHC: RHICHREICS
AOTHER®G UNKNOWN O
TStartProc R DBL Earliest slow time value for data | sec | N
processed to form the image
from CollectionStart
TEndProc R DBL Latest slow time value for data sec | N
processed to form the image
from CollectionStart.
TxFrequencyProc R The range of transmit frequency | - N

processed to form the image.
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Table 3-8 Image Formation Parameters

Field Name

Req /
Opt

Type

Description

Units

Rpt

Attributes/Allowed Values

MinProc

R

DBL

Minimum transmit frequency
processed to form the image.
Note: Value may be relative
to Ref_Freq. See Section
4.7.1.

Hz

MaxProc

DBL

Maximum transmit frequency
processed to form the image.
Note: Value may be relative
to Ref_Freq. See Section
4.7.1.

Hz

Segmentldentifier

TXT

Identifier that describes the
image that was processed.
Must be included when
SICD.RadarCollection.Area.Pla
ne.SegmentList is included.

ImageFormAlgo

ENU

Image formation algorithm
used.

PFA é Polar Fromat Algorithm.
RMA é Range Migration
(Omega-K, Chirp Scaling,
Range-Doppler)

RGAZCOMP é Simple range,
Doppler compression.

Allowed values:

PFAO, ARMAO,
RGAZCOMPO,
OTHERDO

1 e ) Jen 1

STBeamComp

ENU

Parameter indicating if slow
time beam shape compensation
has been applied.

Allowed values:

i N OO o ST bbam shape
compensation.

i GL OB A Llgbal ST b@&am
shape compensation applied.

ASVoO = Spatially

shape compensation applied.
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Table 3-8 Image Formation Parameters

Field Name Req / Type Description Units | Rpt Attributes/Allowed Values
Opt
ImageBeamComp R ENU Parameter indicating if image - N | Allowed values:
domain beam shape AiNOO = No i mage
compensation has been shape compensation.
applied. AiSVO = Spatiall.y
domain beam shape
compensation applied.
AzAutofocus R ENU Parameter indicating if azimuth - N | Allowed values:
autofocus correction has been ANOO = No azi mut
applied. applied.
AGLOBALO = GIl obg
autofocus applied.
ASVO = Spatially
autofocus applied.
RgAutofocus R ENU Parameter indicating if range - N | Allowed Values:
autofocus correction has been AiNOO = No range
applied. applied.
AGLOBALO = GIl obeé
autofocus applied.
ASVO = Spatially
autofocus applied.
Processing (0] Parameters to describe types of Y
specific processing that may
have been applied such as
additional compensations.
Type R TXT Text identifier for the type of N
processing algorithm.o
Applied R BOOL Parameter indicating if the N | Allowed values: t r ued or
processing has been applied.
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Table 3-8 Image Formation Parameters

Field Name Req / Type Description Units | Rpt Attributes/Allowed Values
Opt

Parameter 0] TXT Free format field that can be Y |[pame = AXXXXO0,
used to pass forward Name is a descriptive identifier
processing information. for this information.

PolarizationCalibration 0] Polarization calibration - N
parameter block.

DistortCorrectionApplied R BOOL Parameter indicating if - N | true € Polarization channel
polarization calibration distortion correction processing
parameters have been applied. applied.

false € Not applied.
Distortion R N

Polarization distortion model related the observed scattering matrix {O} to the true scattering matrix {S}.

é,OHH Oy QAé,l Q1€$4§ i e Q4
gne € *
On Qv i &2 FLESE § @B F2
Observed Scattering Receive Distortion True Scattering Transmit Distortio
Matrix Matrix Matrix Matrix
CalibrationDate (0] XDT Date of the calibration - N
measurement.
A R DBL Absolute amplitude scale factor. - N
F1 R CMPLX | Receive distortion element - N
(2,2).
Q1 R CMPLX | Receive distortion element - N
(1,2).
Q2 R CMPLX | Receive distortion element - N
(2,2).
F2 R CMPLX | Transmit distortion element - N
(2,2).
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Table 3-8 Image Formation Parameters

Field Name Req / Type Description Units | Rpt Attributes/Allowed Values
Opt

Q3 R CMPLX | Transmit distortion element - N
(2,2).

Q4 R CMPLX | Transmit distortion element - N
1,2).

GainErrorA 0] DBL Gain estimation error standard dB N
deviation (in dB) for parameter
A.

GainErrorF1 0] DBL Gain estimation error standard dB N
deviation (in dB) for parameter
F1.

GainErrorF2 0] DBL Gain estimation error standard dB N
deviation (in dB) for parameter
F2.

PhaseErrorF1 0] DBL Phase estimation error rad | N
standard deviation (in radians)
for parameter F1.

PhaseErrorF2 0] DBL Phase estimation error rad | N
standard deviation (in radians)
for parameter F2.
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Table 3-9 SCP Center Of Aperture Parameters

Field Name Req /| Type Description Units | Rpt | Attributes/Allowed Values
Opt
SICD
SCPCOA R Parameters describing the COA for the - N
Scene Center Point.
SCPTime R | DBL | Center Of Aperture time for the SCP sec | N
t COA_SCP (from collection start).
Time dependent parameters computed at the SCP COA time (t_COA_SCP).
ARPPos R | XYZ | ARP position att COA_SCP in ECF. m N
ARPVel R | XYZ| ARP Velocity att COA_SCP in ECF. m/s N
ARPAcc R | XYZ | ARP Acceleration att COA_SCP in ECF. m/s**2| N
SideOfTrack R |ENU| Side of track parameter. Allowed: L or R - N | Allowed: iLoor fRO
SlantRange R |DBL | Slant range from the ARP to the SCP. m N
GroundRange R | DBL | Ground Range from the ARP nadir to the m N
SCP. Distance measured along spherical
earth model passing through the SCP.
DopplerConeAng R | DBL | The Doppler Cone Angle to SCP at deg | N
t COA_SCP.
Parameters computed relative to the Earth Tangent Plane (ETP) at the SCP.
GrazeAng R | DBL | Grazing Angle between the SCP Line of deg N | Range: [0:90]
Sight (LOS) and Earth Tangent Plane (ETP)
IncidenceAng R |DBL | Incidence Angle between the SCP LOS and | deg | N | Range: [0:90]
ETP normal.
TwistAng R |DBL | Angle between cross range in the ETP and deg | N | Range: [-90:90]
cross range in the slant plane.
SlopeAng R |DBL | Slope Angle from the ETP to the slant plane | deg | N | Range: [0:90]

att_COA_SCP.
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Table 3-9 SCP Center Of Aperture Parameters

Field Name Req /| Type Description
Opt

Units

Rpt

Attributes/Allowed Values

AzimAng R | DBL | Angle from north to the line from the SCP to
the ARP Nadir at COA. Measured clockwise
in the ETP.

AzimuthAng = 45 C ARP is northeast of the
SCP at COA.

deg

Range: [0:360]

LayoverAng R | DBL | Angle from north to the layover direction in
the ETP at COA. Measured clockwise in the
ETP.

LayoverAng = 45 C A point above the ETP
will layover along the line northeast of the
SCP.

Layover Distance = Height above ETP x
tan(Slope Angle).

deg

Range: [0:360]
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Table 3-10 Radiometric Parameters

Field Name Req/| Type Description Units | Rpt Attributes
Opt
SICD
Radiometric (@) Radiometric calibration parameters. - N

Image Pixel Power. Pwr (row,col) = Real( S (row,col) )**2 + Imag(

Si (row,col) )**2.

(variable 1) and column coordinate
(variable 2). Scale factor computed for
a clutter cell at HAE = SCP_HAE.

NoiseLevel @) Noise Level Structure - N

NoiseLevelType R ENU Parameter to indicate that the noise - N | Allowed values:
power polynomial yields either absolute AABSOLUTE® or
power level or power level relative to ARELATI VEOo
the SCP pixel location.

NoisePoly R |2D_POLY| Polynomial coefficients that yield daB, N [order 1l = fMo
thermal noise power (in dB) in a pixel dB/m, order2 = fANO
as a function of image row coordinate etc.

(variable 1) and column coordinate
(variable 2).
RCSSFPoly O |2D_POLY| Polynomial coefficients that yield a m?, N [order 1l = fMo
scale factor to convert pixel power to m, order 2 = fANO
RCS (sgm) as a function of image row 1
coordinate (variable 1) and column 1/r,n
coordinate (variable 2). Scale factor t '
computed for a target at HAE = etc.
SCP_HAE.
SigmaZeroSFPoly O |2D_POLY| Polynomial coefficients that yield a 1, N |orderl=A Mo
scale factor to convert pixel power to 1/m, order 2 = fANO
clutter parameter Sigma-Zero (so) asa | 1/m?
function of image row coordinate etc.

46



SICD Volume 1 Desigr& ImplementatiorDescription
NGA.STND.00241_1.1 (201409-30)

Table 3-10 Radiometric Parameters

Field Name Req/| Type Description Units | Rpt Attributes
Opt

BetaZeroSFPoly O |2D_POLY| Polynomial coefficients that yield a 1, N |order 1 = AMO
scale factor to convert pixel power to 1/m, order 2 = ANO
radar brightness or Beta-Zero (bo) as a | 1/m?
function of image row coordinate etc.
(variable 1) and column coordinate
(variable 2). Scale factor computed for
a clutter cell at HAE = SCP_HAE.

GammaZeroSFPoly O |2D_POLY| Polynomial coefficients that yield a 1, N (order 1l = AMO
scale factor to convert pixel power to 1/m, order 2 = f@ANO
clutter parameter Gamma-Zero ( ¢9 as | 1/m?
a function of image row coordinate etc.

(variable 1) and column coordinate
(variable 2). Scale factor computed for
a clutter cell at HAE = SCP_HAE.
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Table 3-11 Antenna Parameters

Field Name Req/ Type Description Units | Rpt Attributes
Opt
SICD N
Antenna (0] Parameters that describe the antenna N

illumination patterns during the
collection.

Parameters may be provided separately for the transmit (Tx) antenna and the receive (Rcv) antenna.
For separate Tx and Rcv patterns, must also include separate Tx APC and Rcv APC position polynomials. See Table 3-5.

Tx 0] Transmit Antenna Parameters N
XAXxisPoly R |XYZ_POLY | Antenna X-Axis unit vector in ECF as 1, N
a function of time (variable 1). Timet | 1/s,
= 0 at collection start. etc.
YAXxisPoly R |XYZ_POLY | Antenna Y-Axis unit vector in ECF as 1, N
a function of time (variable 1). Timet | 1/s,
= 0 at collection start. etc.
FreqZero R DBL RF frequency (f0) used to specify the Hz N
array pattern and EB steering
direction cosines.
Note: Value may be relative to
Ref _Freq. See Section 4.7.1.
EB 0] Electrical boresight (EB) steering N
directions for an electronically steered
array.
DCXPoly R POLY Electrical boresight steering X-axis 1, N |orderl= @ MO
direction cosine (DCX) as a function 1/s,
of slow time (variable 1). etc.
DCYPoly R POLY Electrical boresight steering Y-axis 1, N |orderl= @ MO
direction cosine (DCY) as a function 1/s,
of slow time (variable 1). etc.
Array R Array pattern polynomials that define N

the shape of the mainlobe.
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Table 3-11 Antenna Parameters

Field Name

Req /
Opt

Type

Description

Units

Rpt

Attributes

GainPoly

2D_POLY

One-way signal gain (in dB) as a
function of DDCX (variable 1) and
DDCY (variable 2). Gain relative to
gain at DDCX = 0 and DDCY = 0.
Constant coefficient = 0.0 always.

dB

or
or

de
de

1 e 13

Mo
N o

PhasePoly

2D_POLY

One-way signal phase (in cycles) as a
function of DDCX (variable 1) and
DDCY (variable 2). Phase relative to
phase at DDCX = 0 and DDCY = 0.
Constant coefficient = 0.0 always.

cycles

or
or

de
de

ot

Elem

Element array pattern polynomials for
electronically steered arrays.

GainPoly

2D_POLY

One-way signal gain (in dB) as a
function of DCX (variable 1) and DCY
(variable 2). Gain relative to gain at
DCX =0 and DCY = 0. Constant
coefficient = 0.0 always.

dB

or
or

de
de

1 B 13

Mo
N o

PhasePoly

2D_POLY

One-way signal phase (in cycles) as a
function of DCX (variable 1) and DCY
(variable 2). Phase relative to phase
at DCX = 0 and DCY = 0. Constant
coefficient = 0.0 always.

cycles

or
or

de
de

ot 3t

GainBSPoly

POLY

Gain polynomial (dB) vs. frequency
for boresight (BS) at DCX = 0 and
DCY = 0. Frequency ratio ( (f-f0)/f0)
input variable (variable 1). Constant
coefficient = 0.0 always.

GainBS(f) = c1*((f-f0)/0)
+ C2*((f-f0)/f0)**2 + etc.

dB

orderl= A Mo
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Table 3-11 Antenna Parameters

Field Name

Req /
Opt

Type

Description

Units

Rpt

Attributes

EBFregShift

BOOL

Parameter indicating the EB shifts
with frequency for an electronically
steered array.

false € No shift with frequency.

true & Shift with frequency per ideal
array theory.

Al |
itoue

owed fval sie

MLFreqDilation

BOOL

Parameter indicating the mainlobe
(ML) width changes with frequency.

false € No change with frequency.

true & Change with frequency per
ideal array theory.

Al |
itoue

owed fWval sie

Rc

V

Receive Antenna Parameters

XAXxisPoly

XYZ_POLY

Antenna X-Axis unit vector in ECF as
a function of time (variable 1). Time't
=0 at collection start.

1/s,
etc.

YAXxisPoly

XYZ_POLY

Antenna Y-Axis unit vector in ECF as
a function of time (variable 1). Timet
= 0 at collection start.

1/s,
etc.

FregZero

DBL

RF frequency (f0) used to specify the
array pattern and EB steering
direction cosines.

Note: Value may be relative to

Ref Freq. See Section 4.7.1.

Hz

EB

Electrical boresight (EB) steering
directions for an electronically steered
array.

DCXPoly

POLY

Electrical boresight steering X-axis
direction cosine (DCX) as a function
of slow time (variable 1).

1/s,
etc.

orderl= i Mo
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Table 3-11 Antenna Parameters

Field Name

Req /
Opt

Type

Description

Units

Rpt

Attributes

DCYPoly

POLY

Electrical boresight steering Y-axis
direction cosine (DCY) as a function
of slow time (variable 1).

1/s,
etc.

orderl= A Mo

Array

Array pattern polynomials that define
the shape of the mainlobe.

GainPoly

2D_POLY

One-way signal gain (in dB) as a
function of DDCX (variable 1) and
DDCY (variable 2). Gain relative to
gain at DDCX = 0 and DDCY = 0.
Constant coefficient = 0.0 always.

dB

order 1 =
order 2 =

ot 3t

PhasePoly

2D_POLY

One-way signal phase (in cycles) as a
function of DDCX (variable 1) and
DDCY (variable 2). Phase relative to
phase at DDCX =0 and DDCY = 0.
Constant coefficient = 0.0 always.

cycles

order 1 =
order 2 =

ot

Elem

Element array pattern polynomials for
electronically steered arrays.

GainPoly

2D_POLY

One-way signal gain (in dB) as a
function of DCX (variable 1) and DCY
(variable 2). Gain relative to gain at
DCX =0 and DCY = 0. Constant
coefficient = 0.0 always.

dB

order 1 =
order 2 =

ot 3t

PhasePoly

2D_POLY

One-way signal phase (in cycles) as a
function of DCX (variable 1) and DCY
(variable 2). Phase relative to phase
at DCX = 0 and DCY = 0. Constant
coefficient = 0.0 always.

cycles

order 1 =
order 2 =

) Jen 14
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Table 3-11 Antenna Parameters

Field Name

Req /
Opt

Type

Description

Units

Rpt

Attributes

GainBSPoly

POLY

Gain polynomial (dB) vs. frequency
for boresight (BS) at DCX = 0 and
DCY = 0. Frequency ratio ( (f-f0)/f0 )
input variable (variable 1). Constant
coefficient = 0.0 always.

GainBS(f) = c1*((f-f0)/f0)
+ c2*((F-f0)/f0)**2 + etc.

dB

orderl =

fi Mo

EBFregShift

BOOL

Parameter indicating the EB shifts
with frequency for an electronically
steered array.

false € No shift with frequency.

true & Shift with frequency per ideal
array theory.

it ou

Al'l owed value

e

MLFregDilation

BOOL

Parameter indicating the mainlobe
(ML) width changes with frequency.

false € No change with frequency.

true € Change with frequency per
ideal array theory.

Al |l o
it ou

wed fval sie
e

For an equivalent Two-Way pattern, th

e ARP position versus time is the effe

ctive phase

center.

TwoWay

o

Two-way Antenna Parameters

N

XAXxisPoly

R

XYZ_POLY

Antenna X-Axis unit vector in ECF as
a function of time (variable 1). Time't
= 0 at collection start.

11
1/s,
etc.

N

YAXxisPoly

XYZ_POLY

Antenna Y-Axis unit vector in ECF as
a function of time (variable 1). Timet
= 0 at collection start.

11
1/s,
etc.
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Table 3-11 Antenna Parameters

Field Name Req/ Type Description Units
Opt

Rpt

Attributes

FreqZero R DBL RF frequency (f0) used to specify the Hz
array pattern and EB steering
direction cosines.

Note: Value may be relative to
Ref _Freq. See Section 4.7.1.

EB 0] Electrical boresight (EB) steering
directions for an electronically steered

array.

DCXPoly R POLY Electrical boresight steering X-axis 1,
direction cosine (DCX) as a function 1/s,

of slow time (variable 1). etc.

orderl =

DCYPoly R POLY Electrical boresight steering Y-axis 1,
direction cosine (DCY) as a function 1/s,

of slow time (variable 1). etc.

orderl =

Array R Array pattern polynomials that define

the shape of the mainlobe.

GainPoly R | 2D_POLY | Two-way signal gain (in dB) as a dB
function of DDCX (variable 1) and
DDCY (variable 2). Gain relative to
gain at DDCX =0 and DDCY = 0.
Constant coefficient = 0.0 always.

order 1
order 2

1 B 13

Mo
N o

PhasePoly R | 2D_POLY | Two-way signal phase (in cycles) as a |cycles
function of DDCX (variable 1) and
DDCY (variable 2). Phase relative to
phase at DDCX = 0 and DDCY = 0.
Constant coefficient = 0.0 always.

order 1
order 2

ot 3t

Elem 0] Element array pattern polynomials for

electronically steered arrays.
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Table 3-11 Antenna Parameters

Field Name

Req /
Opt

Type

Description

Units

Rpt

Attributes

GainPoly

2D_POLY

Two-way signal gain (in dB) as a
function of DCX (variable 1) and DCY
(variable 2). Gain relative to gain at
DCX =0 and DCY = 0. Constant
coefficient = 0.0 always.

dB

Mo
N o

order 1
order 2

1 e 13

PhasePoly

2D_POLY

Two-way signal phase (in cycles) as a
function of DCX (variable 1) and DCY
(variable 2). Phase relative to phase
at DCX = 0 and DCY = 0. Constant
coefficient = 0.0 always.

cycles

orderl =i Mo
order 2 = fiNO

GainBSPoly

POLY

Gain polynomial (dB) vs. frequency
for boresight (BS) at DCX =0 and
DCY =0. Frequency ratio ( (f-f0)/f0 )
input variable (variable 1). Constant
coefficient = 0.0 always.

GainBS(f) = c1*((f-f0)/0)
+ c2*((f-f0)/f0)**2 + etc.

dB

orderl= A Mo

EBFreqShift

BOOL

Parameter indicating the EB shifts
with frequency for an electronically
steered array.

false € No shift with frequency.

true € Shift with frequency per ideal
array theory.

|l owed fval e

Al
itoue

MLFreqgDilation

BOOL

Parameter indicating the mainlobe
(ML) width changes with frequency.

false € No change with frequency.

true € Change with frequency per
ideal array theory.

Al |l owed
fitoue

val ue
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Table 3-12 Error Parameters
Field Name Req /| Type Description Units | Rpt Attributes
Opt
SICD
ErrorStatistics (@) Parameters used to compute error statistics N
within the SICD sensor model.
CompositeSCP @) Composite error statistics for the Scene N
Center Point. Slant plane range (Rg) and
azimuth (Az) error statistics. Slant plane
defined at SCP COA. See Section 4.9.
Rg R | DBL | Estimated range error standard deviation. m N
Az R |DBL | Estimated azimuth error standard deviation. m N
RgAz R | DBL | Estimated range and azimuth error N
correlation coefficient.
Components 0] Error statistics by components. N
PosVelErr R Position and velocity error statistics for the N
radar platform.
Frame R |ENU| Coordinate frame used for expressing P,V N |[All owed value
errors statistics. ARI C_ECFoO0, AR
RIC = Radial, In-Track,
Cross-Track. Radial
From earth center through
the platform position.
P1 R |DBL | Position coordinate 1 standard deviation. m N
P2 R |DBL | Position coordinate 2 standard deviation. m N
P3 R |DBL | Position coordinate 3 standard deviation. m N
V1 R |DBL | Velocity coordinate 1 standard deviation. m/sec| N
V2 R |DBL | Velocity coordinate 2 standard deviation. m/sec| N
V3 R |DBL | Velocity coordinate 3 standard deviation. m/sec| N
CorrCoefs @) Correlation Coefficient parameters N
P1P2 R |DBL | P1, P2 correlation coefficient. - N
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Table 3-12 Error Parameters

Field Name Req /| Type Description Units | Rpt Attributes
Opt
P1P3 R |DBL | P1, P3 correlation coefficient. N
P1vi R |DBL | P1, V1 correlation coefficient. N
P1v2 R |DBL | P1, V2 correlation coefficient. N
P1V3 R |DBL | P1, V3 correlation coefficient. N
P2P3 R |DBL | P2, P3 correlation coefficient. N
P2Vv1 R |DBL | P2, V1 correlation coefficient. N
P2Vv2 R |DBL | P2, V2 correlation coefficient. N
P2V3 R |DBL | P2, V3 correlation coefficient. N
P3V1 R |DBL | P3, V1 correlation coefficient. N
P3Vv2 R |DBL | P3, V2 correlation coefficient. N
P3V3 R |DBL | P3, V3 correlation coefficient. N
V1Vv2 R |DBL | V1, V2 correlation coefficient. N
V1V3 R |DBL | V1, V3 correlation coefficient. N
V2V3 R |DBL | V2, V3 correlation coefficient. N
PositionDecorr (@) Platform position error decorrelation N
function.
CorrCoefZero R | DBL | Error correlation coefficient for zero time N
difference (CCO).
DecorrRate R | DBL | Error decorrelation rate. Simple linear 1l/sec| N
decorrelation rate (DCR). Dt = [t2 7T t1]
CC(Dt) = Min(1.0,Max(0.0,CCO i DCR*Dt))
RadarSensor R Radar sensor error statistics. N
RangeBias R | DBL | Range bias error standard deviation. m N
ClockFreqSF O | DBL | Payload clock frequency scale factor - N

standard deviation. SF = Df/f0.
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Table 3-12 Error Parameters

Field Name Req /| Type Description Units | Rpt Attributes
Opt
TransmitFreqSF O | DBL | Transmit frequency scale factor standard - N
deviation. SF = Df/f0.
RangeBiasDecorr (@) Range bias decorrelation rate. N
CorrCoefZero R | DBL | Error correlation coefficient for zero time - N
difference (CCO).
DecorrRate R | DBL | Error decorrelation rate. Simple linear l/sec| N
decorrelation rate (DCR). Dt = [t2 T t1]
CC(Dt) = Min(1.0,Max(0.0,CCO i DCR*Dt))
TropoError @) Troposphere delay error statistics. N
TropoRangeVertical O | DBL | Troposphere two-way delay error for normal m N
incidence standard deviation. Expressed as
arange error. DR = DT x c/2.
TropoRangeSlant O | DBL | Troposphere two-way delay error for the m N
SCP line of sight at COA standard
deviation. Expressed as a range error.
DR = DT x c¢/2.
TropoRangeDecorr 0] N
CorrCoefZero R | DBL | Error correlation coefficient for zero time - N
difference (CCO).
DecorrRate R | DBL | Error decorrelation rate. Simple linear l/sec| N
decorrelation rate (DCR). Dt = [t2 7T t1]
CC(Dt) = Min(1.0,Max(0.0,CCO i DCR*Dt))
lonoError o lonosphere delay error statistics. N
lonoRangeVertical O | DBL | lonosphere two-way delay error for normal m N
incidence standard deviation. Expressed as
a range error. DR = DT x ¢/2.
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Table 3-12 Error Parameters

Field Name Req /| Type Description Units | Rpt Attributes
Opt
lonoRangeRateVertical O | DBL | lonosphere two-way delay rate of change m/sec| N
error for normal incidence standard
deviation. Expressed as a range rate error.
DRdot = DTdot x ¢/2.
lonoRgRgRateCC R | DBL | lonosphere range error and range rate error - N
correlation coefficient.
lonoRangeVertDecorr @) lonosphere range error decorrelation rate. N
CorrCoefZero R |DBL | Error correlation coefficient for zero time - N
difference (CCO).
DecorrRate R | DBL | Error decorrelation rate. Simple linear 1l/sec| N
decorrelation rate (DCR). Dt = [t2 7T t1]
CC(Dt) = Min(1.0,Max(0.0,CC0O i DCR*Dt))
AdditionalParms 0] Additional user defined errors parameters. N
Parameter R | TXT | Free format field that can be used to include ~ Y | name ="xxx", name is a

additional parameters.

descriptive identifier for
this information
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Table 3-13 Matched CollectionParameters

Field Name Req /| Type Description Units | Rpt Attributes
Opt
SICD
Matchlinfo (0] Information about other collections that are N

matched to the current collection. The
current collection is the collection from
which this SICD product was generated.

Note: The use of

Match
Match Types, Type IDs, and match p

ed Collection Parameters is per program specific
arameters are defined in the Program Specific Implementation Documentation.

implementation.

NumMatchTypes

R

INT

Number of types of matched collections.
Match types are indexed mt =1 to
NumMatchTypes.

N

MatchType

Block containing information about match
type mt. Block repeated for mt =1 to
NumMatchTypes.

indexmt&E

TypelD

TXT

Text string identifying the match type.
Examples: ACOHERENTO

Currentindex

INT

Collection sequence index for the current
collection.

NumMatchCollections

INT

Number of matched collections for this
match type. May be setto 0. Matched
collections are indexed by mc =1 to
NumMatchCollections.

MatchCollection

Block containing information about match
collection mc. Block repeated for mc =1 to
NumMatchCollections.

inde xmce

CoreName

TXT

Text string that uniquely identifies the
matching collection.

Matchindex

INT

Collection sequence index for the match
collection.

Parameter

TXT

Relevant match parameter. Attribute name
identifies the parameter.
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Table 3-14 Range & Azimuth CompressionParameters

Field Name Req/| Type Description Units | Rpt Attributes
Opt
SICD
RgAzComp C Parameters included for a Range, N

Doppler image. Required parameters
for ImageFormAlgo = RGAZCOMP.

AzSF R DBL Scale factor that scales image 1/m N
coordinate az = ycol (meters) to a delta
cosine of the Doppler Cone Angle at
COA.

DcosDCAcoa = AZSF x az

KazPoly R POLY | Polynomial function that yields azimuth | cyc/m, N |orderl= i MO
spatial frequency (Kaz = Kcol) as a cyc/m/s,
function of slow time (variable 1). Slow cyc,/m/s’
Time (sec) -> Azimuth spatial ’etc ’
frequency (cycles/meter). Time
relative to collection start.
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Table 3-15 Polar Format Algorithm Parameters

Field Name

Req /
Opt

Type

Description

Units

Rpt

Attributes

SICD

PFA

C

Parameters included when the image
is formed using the Polar Formation
Algorithm. Required parameters

for ImageFormAlgo = PFA.

FPN

XYZ

Focus Plane unit normal (ECF). Unit
vector FPN points away from the
center of the Earth.

IPN

XYz

Image Formation Plane unit normal
(ECF). Unit vector IPN points away
from the center of the Earth.

PolarAngRefTime

DBL

Polar image formation reference time.
Polar Angle = 0 at the reference time.
Measured relative to collection start.
Note: Reference time is typically set
equal to the SCP COA time but may be
different.

sec

PolarAngPoly

POLY

Polynomial function that yields Polar
Angle (radians) as function of time
(variable 1) relative to Collection Start.
Time (sec) -> Polar Angle (radians).

rad
rad/sec
rad/sec**2
etc

orderl= A Mo

SpatialFreqSFPoly

POLY

Polynomial that yields the Spatial
Frequency Scale Factor (KSF) as a
function of Polar Angle (variable 1).
Polar Angle(radians) -> KSF
(dimensionless). Used to scale RF
frequency (fx, Hz) to aperture spatial
frequency (Kap, cycles/m).

Kap = fx x (2/c) x KSF.

Kap is the effective spatial frequency in
the polar aperture.

1,
1/rad,
1/rad**2,
Etc.

orderl= 1 Mo
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Table 3-15 Polar Format Algorithm Parameters

Field Name Req/| Type Description Units | Rpt Attributes
Opt

Krgl R DBL Minimum range spatial frequency (Krg) cyc/m N
output from the polar to rectangular
resampling.

Krg2 R DBL Maximum range spatial frequency cyc/m N
(Krg) output from the polar to
rectangular resampling.

Kazl R DBL Minimum azimuth spatial frequency cyc/m N
(Kaz) output from the polar to
rectangular resampling.

Kaz2 R DBL Maximum azimuth spatial frequency cyc/m N
(Kaz) output from the polar to
rectangular resampling.

STDeskew 0] Parameters to describe image domain N
ST Deskew processing.

Applied R BOOL | Parameter indicating if ST Deskew N | Allowed values: ft r u
Phase function has been applied. or Ad al se
STDSPhasePoly R |2D_POLY| Slow time deskew phase function to cyc N [order 1 = A M(

perform the ST / Kaz shift. Two- cyc/m order 2 = i NGJ
dimensional phase (cycles) polynomial cyc/m*+2
function of image range coordinate otc

(variable 1) and azimuth coordinate
(variable 2).
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Table 3-16 Range Migration Algorithm Parameters

Field Name

Req /
Opt

Type

Description

Units

Rpt

Attributes

SICD

RMA

C

Parameters included when the image
is formed using the Range Migration
Algorithm. Required parameters

for ImageFormAlgo = RMA.

RMAIgoType

ENU

Identifies the type of migration
algorithm used.

OMEGA_K: Algorithms that employ

Stolt interpolation of the Kxt dimension.

Kx = (Kf2 T Kyz)o'5
CSA: Wave number algorithm that

process two-dimensional chirp signals.

RG_DOP: Range-Doppler algorithms
that employ RCMC in the compressed
range domain.

Allowed values:
OME GKAO ,

ot Ot D

R®OPO

CSAo0, or

ImageType

ENU

Identifies the specific RM image type /
metadata type supplied.

RMAT: Range Migration w/ Along
Track motion compensation.

RMCR: Range Migration w/ Cross
Range motion compensation.

INCA: Imaging Near Closest
Approach. Special RM processing
used for imaging near closest
approach.

Allowed values:
iRMATDO,
i NCAO

6rR M
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Table 3-16 Range Migration Algorithm Parameters

Field Name Req/| Type Description Units | Rpt Attributes
Opt

Parameters for Range Migration with Along Track motion compensation.
Included for RMA.ImageType = RMAT.

RMAT C Parameters for RMA with Along Track N
(RMAT) motion compensation.
PosRef R XYz Platform reference position (ECF) used m N

to establish the reference slant plane.

VelRef R XYZ Platform reference velocity vector m/sec N
(ECF) used to establish the reference
slant plane and the Along Track
direction.

DopConeAngRef R DBL Reference Doppler Cone Angle deg N
(degrees).

Parameters for RM with Cross Range motion compensation.
Included for RMA.ImageType = RMCR.

RMCR C Parameters for RMA with Cross Range N
(RMCR) motion compensation.

PosRef R XYz Platform reference position (ECF) used m N
to establish the reference slant plane
and the range direction in the image.

VelRef R XYZ Platform reference velocity vector m/sec N
(ECF) used to establish the reference
slant plane.

DopConeAngRef R DBL Reference Doppler Cone Angle deg N

(degrees).
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Table 3-16 Range Migration Algorithm Parameters

Field Name Req/| Type Description Units | Rpt Attributes
Opt
Parameters for Imaging Near Closest Approach.
Included for RMA.ImageType = INCA.
INCA C Parameters for Imaging Near Closest N
Approach (INCA) image description.
TimeCAPoly R POLY | Polynomial function that yields Time of sec, N |orderl= A Mo
Closest Approach (sec) as function of sec/m
image column (azimuth) coordinate sec/m?
(m)' _ etc
Time t = 0 at Collection Start.
R_CA_SCP R DBL Range at Closest Approach (R_CA) for m N
the SCP.
FreqZero R DBL RF frequency (f,) used for computing Hz N
Doppler Centroid values. Typical fy set
equal to center transmit frequency.
Note: Value may be relative to
Ref _Freq. See Section 4.7.1.
DRateSFPoly R |2D_POLY| Polynomial function that yields Doppler 1, N |[order 1l = 0@ M
Rate scale factor (DRSF) as a function 1/m order 2 = fiN(¢
of image location. Yields DRSF as a 1/m?
function of image range coordinate otc '
(variable 1) and azimuth coordinate
(variable 2). Used to compute Doppler
Rate at closest approach.
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Table 3-16 Range Migration Algorithm Parameters

Field Name Req/| Type Description Units | Rpt Attributes
Opt

DopCentroidPoly O |2D_POLY| Polynomial function that yields Doppler Hz, N |order 1 = @ M(
Centroid value as a function of image Hz/m, order 2 = fiN(¢
location (fdop_DC). The fdop_DC is Hz/m?
the Doppler frequency at the peak otc ’
signal response. The polynomial is a
function of image range coordinate
(variable 1) and azimuth coordinate
(variable 2). Only used for Stripmap
and Dynamic Stripmap collections.

DopCentroidCOA 0] BOOL | Flag indicating that the COA is at the - N

peak signal (fdop_COA = fdop_DC).
DopCentroi dCORixeE
COA at peak signal for all pixels.
DopCentroi dC®6 ARixet
COA not at peak signal for some
pixels. Only used for Stripmap and

=13

Dynamic Stripmap.
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4 XML Metadata Parameter Description

4.1  Collection & Image Creation Parameters

The Collection Information parameters identify the specific radar platfoatrcbllected the
imaging data and the data set identifier. The Image Creation parameters identify the image
formation application, the time aride locationwhere thémage formation processing
occurred.Refer to Table-1.

The radar platform identifiers (parameters CollectorName and IllluminatorNaewgfined
perprogram specificonvention The specific collection identifier (parame@oreName) is
also defineger program spedd convention. These identifiersay be composed of any
number of concatenated fields as needed. Optional paranikterinatorName and
CollectTypeareprovided to clearly identify bistatic imaging collections.

The radarmagingmode is identified by the sensor independent parameter Mod&itype
allowed values SPOTLIGHT, STRIPMAP and DYNAMIC STRIPMARptional
parameter Modells used to include a program specific mode identifier. The snmuof
the parameter ModelD is remonended.

4.2 Image Data Parameters

The Image Data parameters describe the two dimensional pixels array. Refer & Zable
The image pixel array is described by fieel type and array size. Image pixels are indexed
by global indices (row, col)See Setton 1.2.1. The image array may be the original image
produced by the image fornian processor (referred as the fullage) or a submage

extracted from the original image. Thuest row of thefull image is always row 0. The first
column of the origial image is always indexed column 0.

An imporiantconcept in the SICD metadata approach is that of a Scene Center Point (SCP)
and a Scene Center Point pixel (SCP pix&he SCP is a point located near the center of the
scene covered by the full imag&he image formation processiptacesthe imageof the

Scene Center Poiimt the SCP pixefparameter SCPPixel)The SCP pixel is located near

the center of the Full Imagd-or errorfree collection and processing, tineageimpulse
responsef apointscatterer located at the S@tentered oithe SCP pixel An example

full image pixel array is shown in Figude2-1. The SCP position parameters are defined in
Table3-3. See parameters SCP.ECF and SCP.LLH.

The SCP position and the SCP Pixel indiaescentralto theproper interpretation and
exploitation ofa SICD image produciThe SCP position and pixel are used as the reference
for imagepixel gridto geereferenced mapping (e.g. image grid to ground plane resampling).
The SCP pixel is also used the reference for computing the image domain to spatial
frequency domain transformations. See Sedtidn The image formation algorithm may

use the SCP explicitly in the image formation processing (such as in the Polar Format
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Algorithm). For thesémages, the SCP position and pixel location are defined as part of the
image formation process. For algorithms that do not \&eRexplicitly, an SCP position

and pixel are computed for the SICD produthe process for defining the SGixel and
posiion is toselect a pixel close to the center of the image. The ground padiv@snene

that images to theenter of theSCP pixel is then computedhe computation is based upon
the precise Center of Aperture used for the selected pixel. The SCHgzaitng the

Centr of Aperture iserange and isoeange rate contour for the selected pixel. The ground
height should correspond to the estimated ground halghg the range, range rate contour

A SICD product allows the pixel array elements to toeesl usingoneof thethree comma
complex image pixel formatdParameter PixelType indicates the pixel type and binary
format used.All pixels in a given product are stored with the same pixel type. Pixel formats
of 2 bytes per pixel, 4 bytes per pixel and 8 bytes per pixel are supported. The three pixel
types allow flexibility inbalancingproduct file sizesnd imagalynamic range

Thecompleximagevalue ofa givenpixel is denotedS, (row,col). For pixel types
RE32F_IM32F and RE161_IM16l, the real and imaginary components are stored in the file.

Su(row,col) = Real § (row,col)+ 4 Imag S (row,cd

For pixel type AMP8I_PHSB8I, the anijpde and phase components are stored as unsigned 8
bit integers. For a given pixel, the plitude component is denoted ANtBw,col) and the

phase component is denoted PHS(row,col). Each component takes on values from 0 to 255.
The amplitude componentaybe adirect representation of the pixel amplitude or may be

used as an index into an amplitude lagktable(parameter AmpTab(8:255). If no

ampitude lookup table is providedoixel component AMP(row,col) is the pixel amplitude.

Pixel amplitudeA (row,col)is determined as shown beloWwixel phase {row,col) in

cycles is computed from the pixel phase component as shown bElmicomplex image

pixel S;(row,col) is computed using the normal conventdrere pixel phase is the
arctan(lmag, (row,col)) / Real§; (row,col))).

éAmpTablg AMP(row,col) , if AmpTable(0:255§ includec
)

Al (rOW,COl)

i AMP (row,col), if AmpTable(0:255) is omit
Pu(row,col) = 1 «PHS(row,col
56
Su(row,col) = A, (row,colyrcoq D+ P (row,col)

+ joA (row,col)ssin( 2o+ P (row,col)
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The impact of the binary pixel format on product utilitglependent on many variables
including resolutbn, image signal to noise ratio and scene content. For most SAR systems
and scenes,otnplex image products using 4 bytes per pixel will have negligible loss in
quality relative to products using 8 bytes pehi Products usg 2 bytes per pixel will

have a loss in quality thatill impact the utility of derived productsThe use of an

amplitude lookup table cameducethe impact In general, e 2 bytes per pixdébrmat

should only be used when minimizipgoduct size is a high priority.

—— Global Column Index =—»
0 SCPPixel.Col NumCols-1
I I I
o p—
Scene Center Point
. Image Response
1 g
5 @ T
| o)) @
2 k= 3 .
T a g SCPPixel.Col
x g g z
(3} g 2 2 2
2 = = Scene Center Point 8 5
= o [ . £ ﬂ:
> 4 Pixel 2 <
o B [} 5
o X 2 [a
3 I
3
o 8 nereasing -oumn Scene Center Point (SCP) & n
o pixel near the center
] of the Full Image.
l For error free collection
and processing, a point
“'(;J scatterer located at the SCP
g will have its impulse response
%’ centered on the SCP Pixel.
3—
Figure 4.2-1 Full Image & SCP Pixel
Full Image pixel array and the SCP Pixel located near the center of the image
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4.3  Geographic Reference Parameters

The Image Geographic Reference Paramekessribemapping of image pixel locations
geclocatedpositions. Refer to Table-3. The Scene Center Point (SCP) position is
specified as well atheapproximate image corner poirgssitions Optional parameters
allow for identifying andocatingadditiond groundpoints that may beeededo support
proper exploitation of the image product.

For SICD products, all gelocated positionsareexpressedsingthe WorldGeodeticSystem
1984 (WGS 84).Parameter GeoData.EarthModel = WGSisBihcluded for clarig. All
latitude values are Geodetic Latitude and all height valuezkaté/e to the WGS 84
reference ellipsoid (HAE = Height Above Ellipsoidyalues of latitude and longitude are
specified in decimal degrees thegéhin the followingrange of values

-90.0 ¢Latitude ®0. -180.0 ¢Longitude @80.

The SCP position is the key reference point for relating image pixelogationto gee
locatedpositiors. The SCP position is specified in Earth Centered Fixed (ECF) coordinates
(parameter Geodata.SCP.ECF) and in WGS 84 Latitude, Longitude and HAE (parameter
Geodata.SCP.LLH). Thes$®&o positions are identical and redundant information but are
provided to supprt both exploitation as well as search and discovArdifferencebetween

the two positiongif any) is due to rounding of parameters expressed in ASCII forfat.

all precise computations, the parameter SCP.E@¢be used.
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4.4  Image Grid Parameters

The Image Grid parameters describe the spatial sampling represented by the rows and
columns of the image array. Refer to Tablk. The parameters define the Image Plane that
passes through the SCP position. The parameters describe saroiplg, sSpgulse response

width and the spatial frequency domain support for the row and column directions. For all
images, the image orientation represents a view from above the earth. For most image grids,
the increasing row direction is in an increasiagge direction. For the common display
convention (row O at the top of the display and pixel (0,0) at the upper left), most images will
be displayedigch that the radar illuminatias from top of the display and the radar shadows

are downward.

The SARcollection and image formation processing produces adivmensional image of

the threedimensional scene. The image may be described as a projection of the three
dimensional scene onto a twanensional Image Plane. The spatial sampling of the image
grid may be described as a tdonensional sampling in the Image Plane. Samples along a

column of the i mage are treated as wuniformly
rowo direction. Sampl es al ong pacedpositionsf t he
in the planeciohn utmme flimerceaoinng The Iincreasi

increasing column direction are defined by two vectors that lie in the plane. While this is not
precisely true for many SAR complex images, such a déseriprovides a useful
approximation for relating image pixels to gecated positions.

4.4.1 Image Indices & Image Coordinates

The image array locations aspecifiedusing two sets of pixdlased indices: (row,col) and
(irow,icol). Theimage arrayocatiors arealsospecifiedusing distancéased coordinates
(xrow,ycol). Indices(row,col) takeon only integer values.ndlices (irow,icol) and image
coordinates (xrow,ycol) take on continuous valuee Figure 4-4.

(1) Global Row, Column Indicesfrow,col)

The global row, column indicese used to index the pixels of the image array. The origin
(0,0) is located at the first row (row = 0) and the first column of the first row (col = 0) of the
Full Image array. In all descriptions that follow, {new,col) indices are only used to index
individuals elements of the pixatray Theglobalrow, column indices take on INTEGER
values only.

Global Row Index: row
Global Column Index: col

0,1, 2,..., NumRowsF1
0,1, 2,...NumColsFI-1

(2) SCPPixelCentered Image Indices: (irow,icol)

The SChPpixel-centered image indésare continuous valued indices that are also used to
index locations intheimage pixel array. The origin (0,0) is located at the CENTER of the
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SCP pixé The image indices (irow,icol) are related to global row, column indices (row,col)
as follows.

SCPPixelCentered Row Index: irow row- SCPPixel.Row
SCPPixelCenteredColumnindex: icol col - SCPPixel.Col

In the descriptions thdbllow, SCPpixel-centered indices (irow,icol) are used to address the
image array as a continuous ddimnensional space. The image pixel values are considered
to be the discrete samples of a continuous;dwensional image signal at the integer
valuesof indices (irow,icol).

3) SCP Centered Image Coordinates: (xrow,ycol)

The SCP centered imagoordinateare continuous valued distances that treat the image
arrayasequal spaced samples on an orthogonal grid. The origin (0,0) is located at the
CENTER of the SCP pixellmage coordinat&row is equal to irow scaled by the row
spacing (Row_SS)Image coordinatgcol is equal to icol scaled by the column spacing
(Col_SS).

Row_SS= Grid.Row.SS Col_SS= Grid.Col.SS
Xrow = Row_SS irow ycol = Col_SSico

The most ommon practice in the SAR image formation processing and image exploitation is
t o use empiexeldo | Foagpme conmobreimadgerygformatse tspecific

image indices (row,cobr (r,c)when assoctad with the Common Coordinate System (CCS)
are considered to have the origin at the upper left corner of the(@ij@gl The image array
sample, §(row,col), is considered to be the image sample at location (row + 0.5, col + 0.5).
This potential souwe of confusion is avoided hiyeuse of the precisely defin&CP pixel
centeredndices (irow,icol).

(1) In all SICD descriptions, global indices (row,col) are only used to
index the discrete elements of thpixel array. Indices (row,col)
take on INTEGER values only.

(2) The SCPPixel-Centered indices (irow,icol) are used toeference
the pixel array as a continuous zlimensional space.An index
value with zero fractional part references the center of the pixe
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Figure 4.41 SCP PixelCentered Indices & Coordinates
SCP PixelCentered indices (irow,icol) and image coordinates (xrow,ycol).

4.4.2 Image Plane Parameters

The Image Plane in the SICD product contains the SCP and the image grid sample directions
at the SCP pixel. For some SAR image formation algorithms, the Image Plane is explicitly
defined as part of the processing. For others, the Image Plane unit eeetoosnputed

based from the image formation processing parameters that were used. Algorithms that do
not use an image formation plane explicitly typically produce slant plane images. A
qualitative description of the Image Plane is provided as aid te (sgrameter

Grid.ImagePlane). Allowed values are SLANT, GROUND and OTHER.

The Image Rineis defined bythe SCP and two unit vectaisat lie in the planeThe unit
vectorin the row direction represents the change in Image Plane position movimth&o
SCP pixel in the increasing row direction. The unit vector in the column direepoesents
the change in Image Plane position moving from the SCP pixel in the increakinmn
direction. Unit vectorsuRow anduCol are in ECF coordinates

uRow = Grid.Row.UVectECF uCol = Grid.Col.UVectECF

The image sample spacings and half power impulse response widths are specified at the SCP
pixel. The image grid sample spacin@gow_SS and Col_S$gpresent the precise row and
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column spacings at the S@iel and with respect to a displacement in the Image Plane. The
row direction sample spacing (Ro®S)represents the displacement in the Image Plane
alonguRow. The colunm direction sample spacing (C&8S) represents the displacement in
the Image Plane alongCol. The image plane positiofRP(xrow,ycol), in ECF coordinates

is computed ashown below See Figuret.4-2.

IPP(xrow,ycol) = SCP+ xrows uRow -ycok uCol

— Column Index icol —>»
icoll 0 icol2
o | I I
o
S
m
g
5 e Col_SS
— 1
x o + [
é o § yco
5 g
14 8 Approximate
s Image Plane Position
l g
E
z
N
S _
2
+Xrow
Figure 4.42 Image PlanePosition (IPP)
Approximate image plane msition based on constant row & column spacings

4.4.3 Center @ Aperture Time

Accurateexploitation ofthe SAR image iglependent upon accurate knowledge ofGbater
Of Aperture(COA) time as a function of imadecation The Center Of Aperture time
(denoted t_COA) isised tadetermnemany parameters including tpeeciserange and
range rate contouhat projectsa particular imagéocationto a geelocatedposition The

t COA isprovidedas a twedimensionapolynomial of image coordinat€srow,ycol). The
t COA for imagdocation(xrow,ycol) is computed as shown below.

Grid. TimeCOAPoly(m,n) = ¢cT_COA(m,n), m=0to M_TCOA, n=0to N_TCOA
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M_TCOA N_TCOA
t_ COA(xrow,ycol) = & 4 cT_COA(m,ny( xrow"«( yco)"

m=0 n?

Important to note ithe t COA computed above is thecurate valuef t_COA for the

image sample. \E&n though image coordinatésow,ycol) may beapproximate
displacements, the t_ COfomputeds the timeto beused foraccurateexploitation The
choice of the orders M_TCOA and N_TCG#emade such that the resulting t_COA values
accurately match those achievsgdthe image formation processingvhile the precise
accuracy needed is dependepbnmany factors, for most systems and derived products,
computed t_COA values within 10 msec of the achieved value in the processing are
acceptable.

For all images, coefficient cT_COA(0,0) is the t_ COA for the SCP pixel. Images with
constant t_COA (typidly from spotlight collectionsjnay be stored with onljhe
cT_COA(0,0) coefficient andrder parametedl TCOA = N_TCOA =0. An example
imagefor whicht_COA varies across the imageshown in Figurd.4-3. Shown in the
figure are two contours of constantt COA. For most images, the contours will be
approximately linear and equallpaced for even increments in t_ COA.

—— Column Index icol —»

icoll 0 icol2
o | | |
=
o
; I
o ;
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@ ) +ycol
g o~ %
=
o
4
|
Image Location
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(&}
2
o

+Xrow

M_TCOA N_TCOA
t_COA(xrow, ,ycol )= § q cT_COA(mM,n) (xrow"s (ycol"

m=0 n o

Figure 4.4-3 Precise Center Of Aperture Time
Example shows contour lines of constant t_ COA for the SCP arah arbitrary pixel ( irow, icol;).
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4.4.4 Image GridTypes

Thetype of image sample grid is a fundamental attribute of the complex inthgespatial
sampling of the complex image is usually oriented along the natural radar coordingtes
and cross rangeThe exact grid is function of both the collection mode and theage
formation algorithm.The image sample grid type is indicated by parameter Grid.Type. The
allowed Grid Typedisted below

(1) RGAZIM é Range & Azimuth

(2) RGZERO é Range & Zero Doppler

(3) XRGYCR é Catesian Grid Oriented Range, Cross Range
(4) XCTYAT é Cartesian Grid Oriente@ross TrackAlong Track
(5) PLANE é Arbitrary Image Plana/ Axes U,V

Grid.Type = RGAZIM é Range & Azimuth

Image samples are oriented in range and azimuth with respect BRReposition at an
image formation reference time. The image formation reference wgeigoften seto the
SCP Center Of Aperture timdhe image is oriented shadowsnxhwardand a view fron
above the earthSee Figured.4-4 and4.4-5. Image rws are samples along constant (or
nearly constant) range contours. Image row spacing is usually constant inlraage.
columns are samples in azimuthihe column spacing is usually constémtnearly constant)
in some azimuth angle related quantity (e.g. cosine ddtdpplercone angle). The
RGAZIM grid is the naturagrid that results from simple Range and Azimutmpression
image formation algorithm (IFA)See Section 4.14The Range & Azimuth grid is sb the
naturalgrid thatresults using the Polar Form&tA. See Section 4.15.

For the RGAZIM grid, the row coordinate is referred toage and the column coordinate
is referred to as azimuth. Pixantered indices (irg, iaz) are equal to genenalge indices
(irow, icol) and image coordinates (rg, az) are equal to general image coordinates (xrow,
ycol). Spatial frequency parameters (Krg, Kaz) are equal to general spatial frequency
parameters (Krow, Kcol). Image coordinate values are in metérspatial frequency

values are in cycles/meter.

irg = irow = row- SCPPixel.Rov iaz = icol = col- SCPPixel.Cc
rg = Xrow = Rg_SS irc az= ycol = Az_SS ia:

URG = uRow uAZ = uCol

Krg = Krow Kaz = Kcol
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Grid.Type = RGZERO € Range & Zero Doppler

Image samples are oriented in raoffset fromthe trajectory of the ARP and azimuth
parallel to the trajectoryThe image is oriented shadowsniwardand a view fron above

the earth.See Figures 4-8 and 4.47. Image rows are samples along constant range
contoursrelative to the ARP trajectoryimage row spacing is constant in range. The image
columns aresamples along a contour of closest apprdaehzero Doppler) The image
column spacing malge uniform in distance in the scene or uniform in time of closest
approach The RGZERO grid is the natural grid that resultsrfaages formedising the

Range Migration AlgorithmFA adapted tamaging near closest approa@NCA). See
Section 4.16.2.

For theRGZEROgrid, the row coordinate is referred to asage and the column coordinate
is referred to as azimuthPixel-centeredndices (irg, iaz) are equal to general image indices
(irow, icol) and image coordinates (rg, az) are equal to genergkicwordinates (xrow,

ycol). Spatial frequency parameters (Krg, Kaz) are equal to general spatial frequency
parameters (Krow, Kcol). Image coordieaaluesare n meters and spatial frequency
values areén cycles/meter.

irg = irow = row- SCPPixel.Rov iaz = icol = col- SCPPixel.Cc
rg = Xrow = Rg_SSirc az= ycol = Az_SS ia:

URG = uRow uAZ = uCol

Krg = Krow Kaz = Kcol

Grid.Type = XRGYCR e Range &Cross Range

The XRGYCR grid is &lant plane grid that is oriented range and cross range. The slant
plane is defined by the ARP position and velocity at a reference B@8:E-andVEL rep)

and the SCPSee Figure 4-8. The +XRG direction is oriented from the ARP to the SCP

(in theincreasing range direction). The +YCR direction is orthogonal to the +XRG direction
(in the cross range direction). The rows of the image are along lines of constant XRG and
evenly spaced. The columns of the image are along lines of constant YCR ialiyd eve
spaced.

For the XRGYCR grid, the row coordinate is referred tcaage and the column coordinate
is referred to as cross range. Pigehtered indices (ixrg, iycr) are equal to general image
indices (irow, icol) and image coordinates (xrg, ycr)egeal to general image coordinates
(xrow, ycol). Spatial frequency parameters (Kxrg, Kycr) are equal to general spatial
frequency parameters (Krow, Kcol). Image coordinate values are in meters and spatial
frequency values are in cycles/meter.

ixrg = irow = row- SCPPixel.Rov  iycr = icol = col- SCPPixel.Cc
Xrg = Xrow = Row_SS$ ixr¢ ycr = ycol = Col_SS iyci
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uxXRG
Kxrg

uRow uYCR = uCol
Krow Kycr = Kcol

Grid.Type = XCTYAT é Cross Track& Along Track

The XCTYAT grid is a slant plane grid that is oriented cross track and along track. The slant
plane is defined by the ARP position and velocity at a reference B®8xErandVEL regp)

andthe SCP.See Figure 4-8. The +XCT direction is orthogonal todWVEL rerand in the
increasing distance from the trajectory. The +YAT direction is orthogonal to the +XCT
direction and parallel to tRéEL rer. For right looking collections, the +YAT direction is in

the same direction &8EL rer. For left looking colletons, the +YAT is in the opposite

direction asvELger The rows of the image are along lines of constant XCT and evenly
spaced. The columns of the image are along lines of constant YAT and evenly spaced. The
grid is the natural output for image fornmtiusing the RMA.

For the XCTYAT grid, the row coordinate is referred to as cross track and the column
coordinate is referred to akng track Pixelcenteredndices (ixct, iya} are equal to
general image indices (irowgol) and image coordinatésct, ya) are equal to general image
coordinates (xrow, ycol). @pial frequency parameters (Kxct, Kyate equal to general
spatial frequency parameters (Krow, Kcol). Image coordinate values are in meters and
spatial frequency values are in cyclesiene

ixct = irow = row- SCPPixel.Rov iyat = icol = col- SCPPixel.Cc

Xct = xrow = Row_SS ixci yat = ycol = Col_SS iya
uXCT = uRow uYAT = uCaol
Kxct = Krow Kyat = Kcol

Grid.Type = PLANE é Arbitrary Image Plane

The PLANE gridtypeis provided for images that do not meet the precise definition of the

other grid types. The samples are uniformly spaced in a geolocated image plane that contains
the SCP. The +U coordinate is equal to the row coordiret@). The +V coordinate is

equal to the column coordinate (ycol). The rows of the image are along lines of constant U
coordinate and are evenly spaced. The columns of the image are along lines of constant V
coordinate and are evenly spacé&ar an abitrary image grid,iesemay be an

approximation to the true samplinfjthe rows and columnsThe restrictios arethatthe

image be a view from above the eaatld thathe shadows are most closely aligned with the

+U direction

For the PLANE grid, the row coordinate is referred to as +U and the column coordinate is
referred to as +V. Pixalentered indices (iu, iv) are equal to general image indices (irow,
icol) and image coordinates (u, v) are equal to general image coesl{redw, ycol).
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Spatial frequency parameters (Ku, Kv) are equal to general spatial frequency parameters
(Krow, Kcol). Image coordinate values are in meters and spatial frequency values are in

cycles/meter.

iu = irow = row- SCPPixel.Rov iv = icol = col- SCPPixel.Cc
u= xXrow = Row_SSiil v = ycol = Col_SS iv
uU = uRow uV = ucCaol
Ku = Krow Kv = Kcol
Collection Geometry Image Grid

sCP Ape““‘e

Image Orientation:
View From fAbove The Eartho
and fShadows Downo

ARP Trajectory

ARP(trer)

0 SCP.Col NCols-1

Image rows correspond 0
to Iso-Range contours

relative to ARP(trer) \
Y

SCP.Row

Example:
trer = t_COASCP

+az

SCP = Scene Center Point

B
ot +rg

NRows-1

+rg

Figure 4.44 Range & Azimuth Image Grid
Rows oriented iserange with respect to a fixed point.
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Spotlight Mode
Collection Geometry

SCP Aperture
/_H

Ground Track

Example Shown:
trRer = t_COASCP

Orthogonal unit vectors
uRG and UAZ.

A
Rp T’afecto,-y

Example: Collection at
Doppler Cone Angle = 60°

Range & Azimuth
Sample Directions

Grid sample directions
at the SCP are aligned with
unit vectors uRG and uAZ.

+rg

xal

Figure 4.45 Range & Azimuth Unit Vectors
Example unit vectorsuRG = uRow and uAZ = uColfor slant plane grid.

Collection Geometry

SCP Aperture
—_—

ARP Att CAS®®

t_CAS°P = Closest Approach
time for the SCP

Row O

ARP Trajectory

90°

Image rows correspond
to Iso-Range contours
relative to ARP trajectory.

NCols-1

taz

SCP.Row

NRows-1

Image Grid

Image Orientation:

View From fAbove The Eartho

and fShadows Downo

SCP.Col

NCols-1

/

+rg

Image columns correspond
to fiZero Dopplerocontours
relative to ARP trajectory.

+az

Figure 4.46 Range & Zero Doppler Image Grid
Rows oriented iserange with respect to the ARP trajectory.
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Right Looking Range & Zero Doppler Grid
Collection Geometry Sample Directions
. Rows are constant Range at Closest Approach.
N ARP Trajectory Columns are constant Time of Closest Approach.
ARP At

Grid sample directions
at the SCP are aligned with
unit vectors uRG and uAZ.

Col 0 NCols-1
Row 0

+az

Orthogonal unit vectors uRG and uAZ
are in the slant plane at t_CAS".

Figure 4.47 Range & Zero Doppler Image Grid
Unit vectors URG = uRow and uAZ = uCol are in the slant plane at t_ CA“".

Along Track Reference Line
Is Parallel To The
Reference Trajectory

Example Shown: Slant Plane Coordinates

Left Looking (xct, yat) : +xct = Cross Track

(xrg, ycr): +xrg = Increasing Range

Figure 4.4-8 Slant Plane Image Coordinates
Slant plane coordinates (xrg, ycr) and (xct, yat) lie in the Reference Slant Plane
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4.4.5 ImageSpatial Frequency Domain

Thetwo-dimensionaFourier TransformKT) of the complex image pixel array yields the
spatial frequency domain. The characteristics of the spatial frequency domain are a
fundamental attribute of the complex imader all SAR conplex images,heattributes of

the spatial frequency domain were central to the image formation processing that produced
the complex image.

The image domaiis a twaedimensioml space that is indexed by image pieehtered

indices (irow, icol) andmagespatial coordinates (xrow,ycol'he samples of the complex
image are considered b@ samples ofthecontinuous image signal at integer values of the
image indices.Forthe NumRows x NumColsnage grid the image indice§row, icol)
spanthe following values.Image row coordinates of the first and last rows are xrowl and
xrow2. Image column coordinates of the first and last column are ycoll and {FaE?2.
Figure 4.49.

irowl¢ irow drow2 icoll¢ icol dcol2
irowl = FirstRow- SCPPixel.Ro icoll = FirstCol- SCPPixel.Cc
irow2 = irowl+ NumRows - : icol2 = icoll+ NumCaols -:
xrowl = Row_SS irow. ycoll = Col_SS ycol
Xrow2 = Row_SS irow: ycol2 = Col_SS ycol:

The image domain impulse response widtR8Vs) are key attributes of the image. The half
power impulse responsedths areRow_IRW and Col_IRW. For most images, the impulse
response is constant or varies only slightly within the imade half power impulse
response width is the Afocusedd response
For images requiringgstimage formation focusing (i.e. autofocus), the actual IRW may be
degraded.

Row_IRW = Row.ImpRespWid Col_IRW = Col.ImpRespWid

The transform of theow coordinate igherow spatial frequencgoordinate Xrow &€ Krow).
The transform of theolumncoordnate is theazimuth spatial frequenayoordinate ycol

e Kcol). The requiredpatial frequency parametgmovided with all image products are as
follows. All spatial frequency parameters are in cycles/meter

R2K = Row.§n C2K = Col.Sgn
Krow_IRBW = Row.ImpRespBW Kcol_IRBW = Col.ImpRespBW
Krow_Ctr = Row.KCtr Kcol_Ctr = Col.KCtr
DKrowl = RowDeltaK1 DKcoll = Col.DeltaK1
DKrow2 = RowDeltaK2 DKrow2 = Col.DeltaK2
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The sampled imagggnalis S;(irow, icol). The sampled spatial frequersignalis

Skk(nrow, nco). For all SICD products, theampled spatial frequency is computed as
follows. The expression for,&(nrow, ncol) is highlighted as it is critical to both producers
and users of SICD products.

For nrow= -INFR,...,0,...5 NFI
For ncol= -iNFC,...,0,...5 NF:

ez e . . e. e irowenrow icokncol g
nrow, nco) = irow, icol)» ex o R2Zk————— +C2k ~
SKK( } a a S| ( )' p JED S NER NEC H

i
irow=irowlicol #coll |

(1) Parameters R2K and C2kefihe the signs of the exponentthe Discrete
Fourier Tansform (DFT). For all immagethe values R2K and C2K are
equal (i.e. R2ZK = C2K =1 or R2K = C2K =1). The valie of R2K
(Row.Sgn) ighesign ofexponent that transforms the increasing xrow
dimensionto yield increasindrF frequency.

(2) The #fAzer o p o isigraltsthe SCP pixelgR0j0)h fParameters
NFR and NFGare the ges of the transformed signal and are chosen by the
image exploitation application.

For convenience, NFR and NFEe assumed to be even integéiso for convenience,
index nrowspans NFR + 1 values and index ncol spans NFCvalues.

The ceter of the spatial frequency i&0,0). The spatial frequenciestbe center point
are (Krow_Ctr, Kcol_Cix. See Figured4.4-10and4.4-11. Spatial frequency KrowCtr is
always positive and related to the center of the processed RF speEmumany images,
spatial frequency parameter Kc@ltris equal to O The sptial frequency coordinates
(Krow, Kcol) are related to thspatial frequency indices (nrow, ncas follows. Offset
frequenciePDKrow andDKcol are offsets relative tox®(0,0).

Krow_SS= — Kcol_SS= — =
Row_SS NFR Col_SS NFC
DKrow(nrow) = Krow_SS nrow DKcol(ncol) = Kcol _SS nco

Krow(nrow) = Krg_Ctr+ Krg(nrg) Kcol(ncol) = Kcol_Ctr+ KXcol(ncol)

Offset frequencieBKrow andDKcol span the following ranges of values.

.t ¢ HKdow —¢17 _ ¢ Kool —¢17
2Row_SS 2 Row_S 2.Col_SS 2 Col_S
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Thespanof spatial frequencies containing valid dataindicated by parameteBKrow1,
DKrow2, DKcoll andDKol2. The parameters indicate the suppothi@spatial frequency
domain for the entire image. Individual image pixels may be formed from a subset of the
spatial frequencgupportfor the image

Thespatial frequencgupport ¢ftenreferred to as the spatiaéquency apertujdor the SCP

is descibed by bandwidth parameters Krow_IRBW and K¢BBW. An example spatial
frequency support is shown in Figutd-12. The bandwidths are measured atdéeter of

the support in the Krow and Kcdimensions. Forhe example shown, the spatial frequency
supportis a rectangle and centered ak®,0). For images with nowentered spatial
frequency support, optional polynomial functions may be included to describe the variation
in spatial frequency support asuactionof position in the imageFor images that have
variable aperture centersrow spatial frequencytwo-dimensional polynomiatoefficients
cDKrowCOA(m,n)may be includedorder M_KROW and order N_KROW For images

that have variable aperture ters incolumnspatial frequencytwo-dimensional polynomial
coefficients ®KcolCOA(m,n) may be include¢brder M_KCOL and order N_KCQOL

Form =0to MKROW & n =0to N_KROW
cDKrowCOA(m,n) = Row.DeltakKCOAPoly(m,n)

Form=0to M KCOL &n =0to N_KCOL:
cDKcolCOA(m,n) = Col.DeltaKCOAPolym,n)

For a given target at image coordinate®{'®’, ycol ©"), the center of support is assumed

to be aDKrowCOA = 0 unless thBKrowCOA polynomial is included. The center of
support is assumed to belifcolCOA = 0 unless thBKcolCOA polynomial is included

When the polynomial(s) are provided (either one or both), the center of support relative to
Sk (0,0)is thencomputed ashownbelow.

M_KROW N_KROW

DKrowCOA™" = § 4 cDKrowCOA(m,n} (xrow®" J'e (ycol®" ¥

m=0 n=H

M_KCOL N_KCOL

DKcolCOA™T = ' & cDKcolCOA(mM,n} (xrow®S™ '« (ycol® ¥

m=0 nH

A target with norcentered support is shown in Figdrd-13. Due tothecircular nature of

the sampled spectrum, valuesDrowCOA computed from thpolynomial may need to be
adjusted by an integenultiple of 1/Row SS to yieldhe effectiveDKrowCOA. Similarly,
values ofDKcolCOA computed from the polynomial may need to be adjusted by an integer
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multiple of 1/Col SS to yield the effectivBKcolCOA. Constant coefficients
cDKrowCOA(0,0) and PKrowCOA(0,0) are offset frequencies fitre SCP.

DKrowCOA>" = cDKrowCOA(0,0) DKcolCOA®“" = cDKcolCOA(0,0)

Amplitudeweighting applied in the spatial frequency domain to control the properties of the
range anazimuth impulse responses may describedisingthe optional weighting
parametersText fields may be included as well as a set of samples¢fiaedhe shapef

the window.

For m =1 to NWROW.
Krow_Wgt(m)

Row.WgtFunct.Wgt(m)

For n =1to NWCOL

Kcol_Wgt(n) Col.WgtFunct.Wgt(n)

The parameters provided describe the weighting applied to SCP spatial frequency support.
See Figurel.4-12. Therow weightsrepresent uniformly spaced sampbéshe weighting
function applied tahe Krow IRBW. WeightKrow_Wgt(m) is applied at:

DKrow(m) = DKrowCOA®“" 1. row_IRBW
FWROW- 1 2 2

Thecolumnweights represent uniformly spaced samples of the weighting function afaplied
the Kcol_IRBW. Weight KcolWgt(n) is applied at:

DKcol(n) = DKcolCOA>* : WC-OL-l —; -8<col_IRBW

For all other points in the image jstassumed thahe same weighting functiosf are
applied and centered on the center of support for each target. For the example target shown
in Figure4.4-13, the weighting functioiis centered abKrowCOA'™®" and DKcolCOA™.
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— Image Azimuth Index (icol) =

icoll 0 icol™7 icol2
o | | | !
. — xrowl
= o
1}
| 3
— >
D @
= o
1}
& 3
2 8
c
=
g o- O +ycol
c
s SCP (0,0)
()
26
o TGT
E 3
' Target (xrow'®",ycol"®T)
E
o- | T Xrow2
ycoll +XTOW ycol2

Figure 4.4-9 Image Domain Extent
Image domain exent of the NumRows x NumCols image pixel array

Image Domain Spatial Frequency Domain
0
Example shown: f » +Kcol
Kcol_Ctr=0 |
. ) Kcol_Ctr
icoll 0 icol2
E
8 2-D Transform Krow_Ctr
- C2K
+ycol | > -NFC/2 NFC/2
N
o 5 —% DFT = &
m it
v 1
Row_SS
N
5 A >
- +XIOW Spatial Frequency
Coordinates(Krow, Kcol) 1
Image Coordinates (xrow, ycol) < —>
o Col_SS
o
T A4
b4 A\ 4

+Krow

Figure 4.4-10 Image To Spatial Frequency Transform
Spatial frequency centered at Krow = Krow_Ctr and Kcol = Kcol_Citr.
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Image Domain Spatial Frequency Domain
JNFCR2 0 NFC/2 05
g Row_SS
' DKrow1l
+Xrow
1 Kcol_SS
NumRows
x NumCols _’| |‘_
v ° L +DKcol
2D — ? -t Krow_SS
row._.
DFT =
] DKrow?2
Spatial Frequency Support g 05
DKcoll < DKcol < DKcol2 DKcoll DKcol2 Row_SS
DKrow1 < DKrow < DKrow2 -0.5 +DKrow 05
Col_SS Col_SS

Figure 4.4-11 Row & Column Spatial Frequencies
Offset frequenciesDKrow and DKcol measured relative to the center sample,& (0,0).

Image Domain . Spatial Frequency Domain
Small chip centered

/ on the SCP. Kcol_Wgt(1:N)

|y +ycol m
-NFC/2 NFC/2

-NFR/2

xow DKrow1

Small Chip

2-D
DFT

Kcol_IRBW

gt(1:N)

—_— +DKcol

Krow_IRBW

Krow_Wi

Example shown:
Support for the SCP
centered at
DKrow = 0 and DKcol = 0. DKcoll DKcol2
+DKrow

DKrow2

NFR/2

Impulse Response Bandwidths (Krow_IRBW, Kcol_IRBW)
specified at the center of support for the SCP pixel.

Figure 4.4-12 Spatial Frequency Support For The SCP
Bandwidths and optional weighting functions arecentered onthe SCP aperture.
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Image Domain Spatial Frequency Domain
Small chipTg$nter?gT
yoore”| O the (xrow ™" ycol ™). Support for the TGT centered at
N (DKrowCOA'®", DKcolCOA™T).
xrow™]] +ycol -NFC/2 NFC/2
N
fod
M = DKrow1
+Xrow T TGT
DKcolCOA
Small Chip
2-D
—_— >

» +DKcol
DFT DKrowCOA™®"

DKrow2

|
DKcoll DKcol2
+DKrow

Figure 4.4-13 Spatial Frequency Support For Arbitrary Target
Offset frequenciesDKrow and DKcol measured relative to the center sample,& (0,0).
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45 Collection Timeline Parameters

The parameters that describe the imaging collection timeline are summarized below. Refer
to Table 35.

The SAR imaging collectiotimeline is specified by the Collection Start Time and the

imaging collection duration. The Collection Start time, denoted CST, is specified in
Coordinated Universal Time (UTC). The collection duration, denoged_Tis specified in
seconds. For a gimecollection, the CST and:§,,. are independent of the image products

that are produced. An example collection timeline is shown in Figuwe. 4The CST is the
reference for all timéased parameters. Parameters based on time in seconds relative to CST
include the position versus time polynomials and COA tirgga[tversus image grid

location.

S & C 2
& ® X &
C)O\\ Q\o S Q\o
I T Time
\ \ | \ \ t
0 tps scp tpe TcoLL

tcoa

Collection Start Time . EX"’.‘mp'.e 'mage
specified in UTC. Image formed with data formation times for an

collected during interval L O L) e
From toe 0 t center portion of the
PS PE: collected data.

Figure 4.51 Collection Timeline
Collection timeline defined by Collection Start Time (CST) the duration (EovL).

The accurate exploitation of a givenage product is not directly dependent upon the CST or
the TcoLL. EXxploitation processing makes use of time parameters expressed in seconds
relative to CST. Shown in Figure 415are times associated with an example image product.
The image formationrpcessing used data collected in the period figytottee. Times ps

and pgare included in the Image Formation parameters (see Tdal)le Bhe image COA

times are included in the Image Grid parameters (see Table 3

XML: ImageFormation.TStartPoo= s
XML: ImageFormation. TEndProc =t

ar e

The processing timesdandtg, as wel | as e COA S
| h Apertu

t h ti
timeso in that they are used wit t

i me
h e
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polynomial. For a givenector of the collected Phase History Data (PHD), the reference
time is computed as follows. For the pulse with transmit center time at t = txc and for which
the center of the echo from the center collected range swath is received at time t = trc, the
reference time is tref = (txc + trc)/2. The ARP position associated with the vector is
approximately the mighoint between the transmit phase center at time txc and the receive
phase center at time trc.

Parameters that describe the radar transmit and receive sequence may also be included.
These optional parameters are recommended to be included in all products. The timeline is a
sequence of IntePulse Periods (IPPs). An IPP is often referred to agse Repetition

Interval (PRI). The IPP includes one transmitted pulse and one listening window where the
echoes are received and digitized to form a PHD vector. The IPP rate is referred to as the
Pulse Repetition Frequency (PRF). While precise knowl@dghe IPP sequence timing is
needed for image formation processing, an approximate descripticadedlatel\support
theanalysis of the image products.

The IPP sequence that spans the collection is described by one or more sets of parameters.
Eachset of parameters spans a portion of the collection time. The sets of parameters are
indexed by idx = 1 to NSets. The parameters included in each set are the following.

ts(idx) = Start time of the interval (in sec). XML: IPP.Set.TStart
te(idx) = End time of the interval (in sec). XML: IPP.Set.TEnd
ks(idx) = IPP index of the first IPP in interval. XML: IPP.Set.IPPStart
ke(idx) = IPP index of the last IPP in the interval. XML: IPP.Set.IPPENnd
IPPPoly(idx)= IPP index polynomial, (cT2IP®lk,m)). XML: IPP.Set.IPPPoly

The IPPs that span the collection are indexed from B ko kz(NSets). The IPP index
polynomial converts time t in seconds relative to CST to IPP index value. For a given
interval, time §(idx) is the start of IPPidx) and time ¢(idx) is the end of IPPgidx). The
IPP Index polynomial provides an estimate of the IPP index value for timesgfidr) to
tE(idX),

An example timeline spanned by three sets of IPP parameters is shown in Figlire\ &
giventime t*, the corresponding IPP index k* is computed by selecting the polynomial that
spans the time of interest. For time t* in the second integ(d),< t* < tg(2), index k* is
computed as follows. The instantaneous PRF at t* may also be computed.

M_SET(2) d M_SET(2)
k= & cT2IPP(2,m) (t*)" PRF(t*)=a(k(t*)) = 4 mcT2IPP(2,my (t*
m=0 m=1

The index k* takes on an integer vaktghe start of the IPP. For example, k* = 1000.0
indicates that t* ishe start timeof IPP 1000. For most SAR systems, the duration of any
given IPP is etually an integer number of system clock cycles. For these systems, the
polynomial fit can only approximate a varying IPP duration. For these systems, the
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estimated IPP index and PRF are usually very accurate. The estimated PRF, for example,
will usualy accurately predict the location of ambiguities in range and azimuth.

ts(l) tE(l) = t5(2) tE(Z) = t5(3) tE(3)
] IPP Set 1 IPP Set 2 IPP Set 3 I Time
| \ t
0
Example:
Timeline ks(2) — X ks(3)
spanned by IPP Set 2
3 sets ke(1) Ks(2)+1 ke(2)
of IPP 4
parameters. (F§ (F§ E (F§ ﬁ (F; (F; 2
v v Y v v % v Y
\
ts(2) t te(2)
M_SET(2) m M_SET(2) _1
Forts(2) <t <te(2):  k*= & cT2PP2m)(t)" PRR()= & mcT2IPP2,m) tf"
m=0 m=1
Figure 4.52 IPP Timing
Example timeline spanned by multiple IPP Index polynomials

The IPP timing parameters are intended to reflect the true timitng 8AR system during
collection. For systems that used a short, repeating sequence on transmit, the IPPrparamete
will describe the individuadteps of the sequence. The repeating transmit sequence is
described with Radar Collection structure TxSequence. See T&bl&l3wn in Figure 4.5

3 is an example collection with alternating transmit polarizations (vertical polarization on one
IPP and horizontal polarization on the next). Radar collection parameter Num_Tx_Steps = 2.
For an image formed with data collected usinty a single transmit polarization, the Image
Formation parameter PRF_Scale_Factor = 1/2 indicating the Effective PRF is 1/2 of the
actual PRF. See Table83

XML: RadarCollection.TxSequence size = 2 NumTxSteps =2
XML: ImageFormation.RcvChanProc.PRFScaleFactor = 1/2

Shown in Figure 48 is an example collection with a stepirp set of waveforms. The
transmitted pulseequences through 3 distinct waveforms. Radar collection parameter
Num_Tx_Steps = 3. For an imagerhed with the collected data, the Image Formation
parameter PRF_Scale_Factor = 1/3 indicating the Effective PRF is 1/3 of the actual PRF.

XML: RadarCollection.TxSequence size == 3 NumTxSteps =3
XML: ImageFormation.RcvChanProc.PRFScaleFactor = 1/3
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Example: Transmit sequence with alternating transmit polarization.

IPP
k k+1 k+2 k+3 k+4 k+5
Index
™>:V ™X: H ™>:V T™X: H ™>: V TX: H
n=1 n=2 n=1 n=2 n=1 n=2
R R R R R R
C C C C C C H
\% V \Y A\ \% \% TITe
Num_Tx_Steps = 2 PRF_Scale_Factor = 1/2
Figure 4.53 Transmit Sequence w/ Varying Polarization
IPP polynomial indicates the actual PRF Effective PRF is 1/2 the actual PRF.
Example: Transmit sequence with 3 step step-chirp waveform.
IPP
k+1 K+ 2 k+3 k+4 k+5
Index
TX:WF1 TX:WF2 TX:WF3 TX:WF1 TX:WF2 TX:WF3
n=1 n=2 n=3 n=1 n=2 n=3
R R R R R R
C (63 (03 (] (] (] H
\% \% V A\ V A\ Time

Num_Tx_Steps = 3 PRF_Scale_Factor = 1/3

Figure 4.54 Transmit Sequence w/ Varying Waveform

IPP polynomial indicates the actual PRFE Effective PRF is 1/3 the actual PRF.
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4.6 Reference PositiorParameters

The parameters that describe the platform position(s) versus time during the imaging
collection are summarized below. Refer to Tabi 3

The SAR platform positions versus time apecified as vector polynomial functions of the
collection time. For all images, the Aperture Reference Point (ARP) versus time is provided.
The ARP is the platform position used for most image exploitation processing. The ARP
position versus time igepresented as a smooth polynomial function of time in seconds
relative to Collection Start. For orbiting platforms, this will be a precise description of the
position versus time. For airborne platforms, the ARP position versus time is an
approximationd the true ARP position versus time trajectory. While the polynomial fit is
typically inadequate for the initial motion compensation of the PHD, it is the correct position
versus time for image exploitation processing. The ARP position versus time may/so
recommended to be kgasta second order fit.

Individual Aperture Phase Center (APC) positions versus time may be provided for platforms
with separate transmit and receive aperture locations and/or antenna patterns. A single
trarsmit APC, denotg TX, and one omore receive APCs, denoted RCV1, RCV2, etc. may

be specified. An example SAR array with separate transmit and receive apertures is shown
in Figure 4.61. Each APC position versus time is represented by a smooth polynomial
function. Theorder of the APC polynomials should be the same as the order of the ARP
polynomial.

OF RCV1(t)

m! S
Q o

Figure 4.6-1 Platform With Multiple Apertures
Example platform w/ separate apertures for simultaneous collection of multiple polarizations.

The APC positionsersus time are specified with parameter TXAPCPoly and the set of
parameters RcvAPC. Ftre example shown in Figure 416the size attribute of the

parameter RcvAPC indicates the number of receive APCs used was 2. The index attribute of
the RcvAPCPolyarameter identifies the receive APC number (RCV1 or RCV2).
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XML: Position.RcvAPC size= 2 e NumRcvAPCs =2
XML: Position.RcvAPC.RcvAPCPoly  index=1¢é RCVL(t)
XML: Position.RcvAPC.RcvAPCPoly index =2¢e RCV2(t)

In addition to theplatform positions versus time, a Ground Reference Point (GRP) position
versus time may also be provided. The GRP position versus time is not needed for image
exploitation. For systems that used a GRP in the planning and/or execution of the
collections,it may be provided to give a more complete description of the collection.
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4.7 Radar Collection Parameters

The parameters that describe the imaging collection are summarized below. Refer to Table
3-7. The Radar Collection parameters are independent phttieular image that has been
produced. While many parameters are not needed for exploitation of the image contained in
the product, they are available to provide context that may be useful.

4.7.1 Transmit Parameters

(2) Transmit Frequency

The minimum and mamum transmit frequency of the collection are provided (XML:
TxFrequency.Min and TxFrequency.Max). For most SAR systems, a fixed band of
frequencies is transmitted on all pulses. For systems that vary the bandwidth within the
collection, the minimum firguency is the overall minimum frequency and the maximum is
the overall maximum frequency.

An option is provided to express frequency values as offsets relative to a reference
frequency, denoted Ref Freq. Such a choice is defined as part of the prdiditatrdand

is specified in the Program Specific Implementation Document. See Section 1.4. Products
that have frequency values expressed as offsets are indicated by including the optional
parameter Ref_Freq_Index (XML: RadarCollectiefFreqindex). e index valués) and

the corresponding reference frequency value(s3elextedas pariof the product definition

For a product that includes Ref_Freq_Index, the true frequency values are obtained by adding
the value of the reference frequency to taeameter values contained in the product file.

Tx.Frequency.Min(Truer Tx.Frequency.Mim@@uct) + Ref_Freq

True Value Value Included Defined In Pragn
In The Product Implmenation Docume

Tx.Frequency.Max(Truey Tx.Frequency.MasgBuct) + Ref Freq

True Value Value Included Defined In Pragr
In The Product Impimenation Docume

Note: Frequency parameters whose values will be expressed as offsets when
Ref_Freqg_Index is included are identified in theléa that definéhem. ®e TablesJ, 38,
3-11 and 316.

(2) Waveform Parameters

The parameters that describe the transmitted waveform (i.e. pulse length, bandwidth, etc) and
the receive demodulation may be included. A complete set of parameters may be included
for systems thiaransmit a linear FM waveform. For most imaging collections, the same
waveform is transmitted on every pulse. For such a system, the number of wavefetns

equal to one (size attribute NumWaveforms = 1). For systems that transmit a repeating
seqence of waveforms, each waveform in the sequence can be described. The sequencing
of the waveforms is specified with the transmit sequence parameters described below. For
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example, a collection that employs a stdyrp waveform can be described with
NumWaveforms set equal to the number of steps in the sequence. See Figuier&b
example timeline.

An example of a system that uses a linear FM waveform witlamm@ on receive

demodul ation, often referred toedds Thestr et cho
parameters associated with the transmit waveform, the receive window and receive

demodulation are shown.

Transmit Pulse Receive Window
|<7 T Xmt 4>| |<— T Rcv —>|
Time
. Receive
Transmit .
Demodulation
Frequency
T Frequency
| frcv_Rate
BW_Xmt 1 -
fx_Rate
1 l
For Deramp on Receive:
xS — frcv_Rate = fx_Rate
frev. S —
Time
Figure 4.7-1 Linear FM Waveform Parameters
The linear FM waveform on transmit and the receive demodulation parameters

(3)  Transmit Polarization

The transmit polarization is included with all products. For most imaging collections, the

same polarization is transmitted on every pulse. For such a collection, the transmit

polarization is identified with a single parameter (XMRadarCollection.TxPolarization).

For collections that employ a repeating sequence of transmit polarizations, the value is set to
N"nSEQUENCEO. The most common transmit pol ari
and vertical polarization on a per pailsasis. An example timeline for such a sequence is

shown in Figure 48. The sequence of polarizations is then specified with the transmit

seque@ce structure described below.
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(4)  Transmit Sequences

For an imaging collection that employed a repeating sequence of waveforms and/or transmit
polarizations, the sequence may be described as shaha @xampldelow. The number

of steps in the sequence is NumTxSteps. mbst commoly usedtransmit sequeces vary
eitherthe waveform or the transmit polarizatiodence, the TxSequence structargy
includesvariation inthese two parameter3he example below shows a sequence with 3
stepswith the waveform varying

XML: RadarCollection.TxSequenceaze = 3 e NumTxSteps =3
TxStep index=1 e TxStepl
WFIndex =1 e WF 1 Transmitted
TxStep index =2 e TxStep 2
WFIndex = 2 e WF 2 Transmitted
TxStep index =3 e TxStep3
WFIndex =3 e WEF 3 Transmitted

A sequence with NumTxSteps = 1 is allowed. This allows the profiootsSAR systems
that use a sequence for some but not all collections to include the TxSequence structure in all
image products.

4.7.2 Receive Data fannel Parameters

The receive data channels are described (XML: RcvChannels). The number of receive data
channels is parameter NumRcvChans. The transmit/receive polarization for each channel is
indicated. Also, for each data channel, the receive aatginase center (APC) can also be
identified. The receive APC index associates the receive data channel with a receive APC
position included in the product. See Tablg. 3For many imaging collections, only one

receive channel is collected with a singgensmit/receive polarization. For these collections,

the number of received data channels is set equal to 1 and the Tx:Rcv polarizations provided.

For imaging collections with multiple transmit/receive polarizations, the NumRcvChans
indicates the numbef unique transmit/receive polarization combinations collected. Two
example collections demonstrate this. Consider an imaging collection with a fixed transmit
polarization (e.g. TxPol = V) on all pulses and simultaneous collection of two receiver
channés, one with RcvPol =V and one with RcvPol = H.  The number of receive data
channels is set equal to 2 and the Tx:Rcv polarizations are set to V:V and V:H. For this
example the two data channels came from separate receive phase centers.

XML: RadarCdectionRcvChannels size=2 &€ NumRcvChans =2

ChanParameters index=1 € Channell Parameters
TxRcvPolarization = V:V
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RcvAPC =1

ChanParameters index =2 e ChanneR Parameters
TxRcvPolarzation = V:H
RcvAPC =2

Consider a second collection with alternating transmit polarization on atptgs#se basis

(TxPol =V and TxPol = H) and simultaneous collection of two receiver channels (one with
RcvPol =V and one with RcvPol = H)F'he data from each receiver channel is then

separated to form two data channels available for image formation processing. For this
collection, the number of receive data channels is set equal to 4 and the Tx:Rcv polarizations
are setto V:V, V:H, H:V ad H:H. For this exampleeceivedata channels 1 andwere
collectedwith receiveAPC 1 andreceivedata channels 3 andwere collected withieceive

APC2.

XML: RadarCollectiorRcvChannels size=4 &€ NumRcvChans =4

ChanParameters index =1 e Channell Parameters
TxRcvPolarization = V:V
RcvAPC =1

ChanParameters index =2 € Channel Parameters
TxRcvPolarization = H:V
RcvAPC =1

ChanParamets index =3 e ChanneBB Parameters
TxRcvPolarization = V:H
RcvAPC =2

ChanParameters index =4 € Channel Parameters
TxRcvPolarization = H:H
RcvAPC =2

4.7.3 Area lmaged

The area imaged byelcollection can be provided. This information is most useful when the
area covered by the collection is larger than the area covered by the image contained in the
product. This is most commonly the case for stripmap and dynamic stripmap mode
collections The imaged area is firstadtified by four area corner points, denoted APC(i)

and indexed i =1 to 4.

The imaged area also may fioetherspecified by a rectangular regiin a georeferenced
image display planeThe plane is specified by a referermoint, denoted RPT, and two
orthogonal unit vectors that lie in the plane, denodédinduY. The imaged area is a
rectangle aligned with the X and Y unit vectors.
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uX = XDir.UVectECF uY = YDir.UVectECF
The imagedarea is specified by a twdimensonal arrayof grid locations in the planeThe

arrayof grid locationss indexed by lines and sample&n exampleémage area ishown in
Figure 4.72. Theimaged area is specifidyy the following parameters.

L1 = XDir.FirstLine S1 =YDir.FirstSample

NL = XDir.NumLines NS = YDir.NumSamples

DL = XDir.LineSpacing DS = YDir.SampleSpacing
L2 = L1+ NL7 1 (last line) S2 = S1+ N$ 1 (last sample)

The lines are indexed by L = L1 to L2 (inclusiv@)he line index increases in thX

direction. The extent in the X direction is NIDk and is located by the values of L1 and the
RPT line index.The samples are indexed by S = S1 to S2 (inclusiVkg sample index
increases in thaY direction. The gtent in the Y direction is NS RS andis located by the
values of S1 and the RPT sample index.

S1 RPT.Sample S2
I I I

Increasing Sample Index

S2=S1+NS-1

RPT.Line

x
[}
°
=
[}
£
3
=)
£
(%]
o
o
2
s}
<

X_Xtnt = NL x DL

[« Y_Xtnt = NS x DS 8

Figure 4.7-2 Rectangular Imaged Area
Area is a rectanglealigned with the X & Y direction in a georeferencedlane.
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4.8 Image Formation Parameters

Theparameters that describe the image formation processing are summarized below. Refer
to Table 38. The image formation parameters describe the data processed and the image
formation algorithms that were applied to form the image contained in the proeuct f

4.8.1 Processed Data Parameters

(2) Receive Data Channels Processed

The receive data channel(s) that were processed to form the image are listed. For most
imaging collections, the image formation processing is performesh amdividual data
channelpamameter NumChanProc = 1). The channel index values are defined in the Radar
Collection structure (XML: RadarCollection.ReceiveChanneBge Table J. The

combined transmit/receive polarization for the image contam#te product is also
provided(XML: TxRcvPolarizationProc).

The optional PRF scale factor parameter (XML: RcvChanProc.PRFScaleFactor) is provided
as appropriate to indicate the effective PRF for the image formed is different than the true
PRF. The effective PRF is useful in detering the location of the ambiguous returns in

range and/or azimuth that may appear in the image. As described in Section 4.5, the
collection timeline parameters provide the true PRF of the collection, PRF(t). At time t*, the
true PRF is PRF(t*). Effeate PRF is computed by multiplying by the scale fadd®tfF SF.

Effective_PRF(t*= PRF(t%) PRF_Scale_Fac

(2) Phase History Data Processed

The portion of the collected Phase History Data (PHD) processed is provided. The processed
portion of slow time is denoteddfto tre. See Section 4.5 and Figure-4.5The portion of
the collected frequency band processed is also provided (XML: TxFrequencyProc).

4.8.2 Processing Algorithms Applied

(2) Image Formation Algorithm

The Image Formation Algorithm is identified for the mostmonly used image formation
algorithms (XML: ImageFormAlgo). Currently, three image formation algorithms may be
identified.

(1) Range & Azimuth Compression (RGAZCOMP)
(2) Polar Format Algorithm (PFA)
(3) Range Migration Algorithm (RMA)

For an mage formed with one of these three algorithms, additional parameters specific to the
algorithm are also included. The Range & Azimuth Compression algorithm is the simplest
approach and is described in detail in Section 4.14. For images formed wRoldhe

Format Algorithm, the parameters provided accommodate image fornfatiam arbitrary

image formation plane and are described in Section 4.15. For images formed with the Range
Migration Algorithm, the primary variations of the algorithm (OmdgaChirp Scaling and
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RangeDoppler) are accommodated. The RMA specific parameters are described in Section
4.16.

(2) Slow Time Beam Compensation

The parameter is provided to indicate if the signal modulation in slow time due to the antenna
beamshape has been compensated (XML: STBeamComp). The beamshape compensation is
applied for most stripmap and dynamic stripmap collections in toderhievethe desired

azimuth impulse response. The compensation applied may be the same for the entire image
(a global compensation) or a compensation that varies across the scene may be applied (a
spatially variant compensation).

(3) Image Domain Beam Compensatio

The parameter is provided to indicate if the variation in signal intensity across the image due
the antenna beamshape has been compensated (XML: ImageBeamComp). For complex
images that have not been compensated for beamshape, the antenna beamsheteespara
may be provided that allow the compensatiohdcomputed and applied when creating

derived products.

4) Auto Focus Corrections

The two parameters are provided to indicate if irndepeved focusorrections have been

applied (XML: AzAutoFocus anBgAutoFocus). Azimuth auto focus corrections are

required for many SAR systems in order to achieve a well focused image. Range auto focus
corrections may also be required. These corrections may or may not have been applied to the
complex image product-or both types of correction, the same correction may be applied to

the entire image (a global correction) or a correction that varies across the scene may be
applied (a spatially variant correction).

4.8.3 Polarization Parameters

For systems that simultanesiy collect multiple polarizations, a complete set of polarization
distortion parameters may be provided with the image product. The distortion parameters are
usually computed from dedicated calibration collections. The date and time of the calibration
collections and/or the effective date for the distortion parameters may be provided.

The parameters provided are the elements of the following model that relates the true
scattering matrix §} to the observed scattering matri©f for a fully polarimetricsystem.

An example collection from such a system is shown in the second example of Section 4.7.2.
The distortion parameters provided are the elements A, F1, F2 and Q1 through Q4 in the
following matrix equation.Additionally, the estimated error statcs may be provided for

the parameters A, F1 and F2 that provide accuracy estimates ofpbéeatistortion

corrections.

é,OHH Oy QA é,l Ql ?S—@ S @ Q4
gne Ucg *
SOHV cl/v u &2 F1 u $|e 5\/ @ F2
Observed Scattering Receive Distortion True Scattering Transmit Distortio
Matrix Matrix Matrix Matrix
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4.9  SCP Center Of Aperture Parameters

The SCP Center Of Aperture (COA) parameters describe the instargamaging

geometry of the Aperture Reference Point (ARP) relative to the SCP at the SCP COA time.
Refer to Table ®. The SCP COA parameters are provided to allow direct search and
discovery on common SAR geometry parameters. All SCP COA parametemsrgeted

from the ARP position versus time, the SCP position and the SCP COA time.

The SCP COA time ¢ba) is the precise COA time for the SCP pixel and is equal to the
constant coefficient of the COA time polynomial (see Grid.TimeCOAPoly). The ARP
posiion, velocity and acceleration are computed by evaluating the ARP position versus time
polynomial and its derivatives. Timgdh is in seconds from collection start time. An

example SCP COA geometry is shown in Figurel4.Parameters in bold are vecto
parameters.

SCP = SCP position in ECF coordinates.

ARPcoa = ARP position in ECF coordinates at timgA
VARPcoa = ARP velocity in ECF coordinates at tim@4.

AARPcoa = ARP acceleration in ECF coordinates at tigia.t

The SCP COAparameters slant rangedd) and ground range (Rga) are provided for
discovery. The ground range is a simple estimate measured along a spherical earth model
passing through the SCP. Parameters ARP_dgkénd SCP_DEC are the distances from

the ECF orign (EC). Compute parameters as follows.

Reon :|SCP 'ARPCOA| XML: SlantRange = Boa
1
ARP_DEGC,, =|ARP,,,| UARP,, = ARP_DECL -ARP_,
SCP_DEG=|SCH USCP=— T _.SCF
SCP_DEC

EAcon =C0S*(UARP,,, TISCP)

RO, = SCP_DEE€ EA,, XML: GroundRange = Rgpa

The Side Of Track and the Doppler Cone Angle at COA (B§afare provided for

di scovery. The Side Of Track is set to ALO
independent of the side of trackinit vectoruLOScoa is from the ARP position at COA to

the SCP. Parameter LOOK is set to +1loas shown below. Compute parameters as

follows. The DCAooa is in decimal degrees.
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1

VM ¢on =|[VARP | UVARP,,, =——VARP,
COA
uLOS ., = 1 (SCP -ARP.,,)  LEFT . =UARP ., 8VARP .,
COA
DCAo, =cos*(UVARP,, fILOS.,) XML: DopplerConeAng = DCAoa
Angle on the interval
0 to 180 degrees.
. eL, LEFT_.,, fuLOS % _
SideOfTracksj oA oA XML: SideOfTrack
iR, otherwise
LOOK = i’e’+1, LEFT .o dILQS con ©
i-1 otherwise
ARP
ARPcoa o
RgcoA
SCP
P\RP A g EAcoa
O
0
a §
Q
o
Co < @)
Example Shown: RQCOA i Z]
Side Of Track = L
SCP
¢ EC
uSPN = Slant plane unit normal points Ground range Rgcoa is the distance
away from the center of the earth. along a sphere of radius SCP_DEC.
Figure 4.91 Geometry At SCP COA
The ARP positionand velocity are shown at the SCP COA time

The Earth Tangent Plane (ETP) at the SCP is the plane tangent to the surface of constant
height above the WGS 84 ellipsoid (HAE) that contains the SCP. See Figize Ah@

ETP is an approximation to theogmd plane at the SCP. Define grounaing coordinates
(GPX, GPY, GPZWwith origin at the SCP. The +GPZ axis is normal to the plane and in the
direction of increasig HAE. The GPX and GPY axeg lin the plane. The +GPX axis is
defined by the ARP ETPadlir at COA AETPcoa). The ground plane coordinates (GPC)
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are a righthanded system. The GPC unit vectors in ECF coordina@3X, uGPY,
uGPZ) are computed as follows. Parameters SCP_Lat and SCP_Lon are the SCP WGS 84
geodetic latitude and longitude.

€cos(SCP_Lon) cos(SCP_La

UGPZ = gsin(SCP_Lony cos(SCP_Lat ETP Unit Normal
é sin(SCP_Lat)
ARP_GPZ, =(ARP,, -SCP) §GPZ ARPGPZ coordinate at COA

AETP.., =ARP.,, UGPZ-ARP_GPZ_,

ARP_GPX.,, =|AETP,,, -SCH ARP GPX coordinate at COA
uUGPX = 1 (AETP.,, -SCP) UGPY =uGPZ UGPX
ARP_GPX..,
ARPCOP\

ARPcoa = ARP at SCP COA

pRP T
uGPZ = Normal to the surface
of constant height above the
+GPX WGS 84 ellipsoid at the SCP.
e
e P‘ET
&« X)
P\E‘PK e’ﬂ?
AETP = ARP ETP Nadir +GPY +GPX = From SCP to AETPcoa

Figure 4.92 SCP Earth Tangent Plane
Ground Plane coordinate axes GPX and GPY lie in the ETP

The ARP grazing angle (GRAZ) and incidence angle (INCD) are provided for discovery.
See Figure 4:3. The cosine and sine of the grazing angle (cosGRAZia@RAZ) are
computed from the ARP GP coordinates at COA. Angles are in decimal degrees.

cosGR :LGPX:OA SINGRAZ=

COA R COA

ARP_GPZ,
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GRAZ = cos*( cosGRAZ XML: GrazeAng = GRAZ

Angle on the interval
0 to 90 degrees.

INCD =90.0 -GRAZ XML: IncidenceAng = INCD

The SAR slant plane (SP) is a plane defined at an instant in time and with respect to a point
in the scene being imaged. The SCP slant plane at COA is the plane that contains the ARP
position and velocity at COA and the SCP. Define slant plane cotedi(PX, SPY, SPZ)

with origin at the SCP. The +SPZ axis is normal to the plane and in the direction of
increasig HAE. The SPX and SPY axes in the plane. The +SPX axis is the along the

line from the SCP to ARP at COA. The slant plane coordir{&®@€) are a righhanded

system. The SP@nit vectors in ECF coordinates3PX, uSPY, uSPZ) are computed as
follows.

SPZ=LOOK+(UVARP.., ULOS,) uSPZ:@-SPZ

uSPX= uLOS_,, USPY = uSPZ 3uSPX

The slant planeoordinates are defined such that the ARP position and velocity at COA are
as shown below. The ARP velocity at COA lies in the plane. For a left looking geometry,
VARP_SPYc0a > 0. For a right looking geometry, VARP_Sg5%k < 0.

Reon &VARP_SPX.,,
ARPc,, =g O VARP, = &VARP_SPY,,,
g o0 € 0
—
Slant Plane Slant Plane
Coordinates Coordinates

The SCP slant plane slope angle (SLOPE) is provided for discovery. The slope angle is the
angle between the ETP normal and the SCP SP normal. The slope angle is expressed as a
positive value. The slope angle is computed as follows.

SLOPE= cos' (uGPZ fISPZ) XML: SlopeAng = SLOPE

Angle on the interval
0 to 90 degrees.

The imaging directionrad the layover direction are usetliscoveryparameters when
selectingmages of a given scene. The imaging diredsagivenby theAzimuth Angle
(AZIM) and the layover direction givenby the Layover Angle (LAYOVER). See Figure
4.9-3. Both angles are rasured in the ETP. Both angk®measured clockwise from
north at the SCP. Thezimuthangle indicates the direction of the incident illumination at
COA. The layover angle indicatése direction a point above tisCPwill layover at COA.
The unit vectorshatlie in the ETP inthenorth and east directionsNORTH anduEAST,
are computed as followsJnit vectorsuNORTH anduEAST are in ECF coordinates.
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e sin(SCP_Lon)

7

UEAST = £ cos(SCP_Lon) UNORTH =uGPZ W“EAST
g 0

Azimuth Angle

Angle from north to the line
from the SCP to AETP at COA.

Layover Angle

Angle from north to the
AETP('[) Layover direction at COA.

Angles measured clockwise in

UNORTH 4 the ETP from north at the SCP.

A .

EAST

SCP

Figure 4.93 Azimuth & Layover Directions
Azimuth Angle & Layover Angle are measured in theETP at COA.

Theazimuthangle is computed by using the unit vector in the +GPX dire{iGiX).

AZ NORTH= UWNORTH §GPX AZ_EAST=UEAST NGPX

. 1[AZ EAST A _
AZIM =tan ( /AZ_NORTH) XML: AzimAng =AZIM

Four quadrant ArcTan Function.
Angle on the interval 0 to 360 degrees.

The layover direction vector in the ETP at COA, den@®®IR coa, IS computedby
projecting the ETP unit normalGPZ) into the ETP along the slant plane unit normal
(uSP2). The projection distance is 1/cos(SLOPHhe layover angle is computed from the
layover direction vector.

1

LODIR o, "UGPZ —— uSPZ
cosSLOPE

LO_NORTH= INORTH flODIR ,,  LO_EAST=uEAST {ODIR .,
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—ian-1[LO_EAST . -
LAYOVER =tan ( KO_NORTH) XML: LayoverAng = LAYOVER

Four quadrant ArcTan Function.
Angle on the interval 0 to 360 degrees.

The Grazing Plane and the Plane of Incidence are two additional planetefined at an

instant in time and with respect to a point in the scene being imaged. The SCP Grazing Plane
(GZP) at COA is the plane that contains the ARP position at COA, thescCthe GPY

axis. The SCP Plane of Incidence (POI) at COA is the plane that contains the SCP, the GPY
axis and the Grazing Plane normal. See Figurél4.Bhe GZP is used as the image

formation plane for some processing systems. The POI is usefuldegenbing the

polarization of the transmitted waveforrmihe Grazing Plane unit normal vector is denoted

uZl. VectoruZl in ECF coordinates is computed as follows.

uZl =uGPZ «cosGRAZ uGPX . sSinGRA:

The twist angle (TWST) is provided for discovery. The twisgle, sometimes referred to as
the tilt angle, is the angle in the POI from the +GPY axis and to the +SPY axis. See Figure
4.9-3. The twist angle is computed as follows.

TWST= sin*(uGPY uBPZ) XML: TwistAng = TWST

Angle on the interval
-90 to 90 degrees.

SCP Grazing Plane & Axes and Unit Vectors In The
Plane Of Incidence at COA SCP Plane Of Incidence at COA

+Z|

Twist Angle from +GPY to +SPY.
Example Shown: TWST >0

Figure 4.94 SCP Grazing Plane & Plane Of Incidence
The grazing (GRAZ), incidence (INCD) and twist (TWST) angles are shown
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Note: The twist or tilt angle in other descriptions may use a different convention for
determining positive and negative angles. For the@ation defined above, the twist angle
will tend to be positive for left looking and closing geometries or right looking and opening
geometries. The twist angle will go to zero near broadside for both left and right looking
collections.

The Direction Cose Matrix that relates positions expressed in theu@dPlanecoordinates
to positions expressed a8t Planecoordinates is shown below. The coordinates systems
are related by two Euler rotations;(FGRAZ) and R(TWST). The first rotation, R-

GRAZ), is a negative rotation about the +GPY axis. The second rotatidnVRT), is a
positive rotation about the +SPX axis.

Pspc = DCMSGFEC' P cp DCMEE((:: =R (TWST}R,(-GRAZ)
eP SPX g 1e 0 0 goH5RAZ 0 sSinGRAZe P 4P
® spy Y o€ cosTwsT sinTwst Y €0 1 o .£ plsp
e — ua “é u é é '+
gP_SPZ g 08- sinTWST cosTWST ] s&iIGRAZ 0 cosGRAE _GHZ
Position in R (TWST) B (-GRAZ) Position in
SP Coordinates GP Coordinates
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4.10 Radiometric Parameters

The radiometric parameters that may be included in an image product are summarized below.
Refer to Table 30. The parameters available provide an estimate of the noise level in the
image andh set of scale factors thadnvertpixel power level to radasross section.

The complex image signal array is denotgt@w,col) where each pixel has a real and
imaginary componentThe pixel power value, sometimes referred to as the pixel intensity, is
Pu(row,col), where R(row,col) is the sum of the squaref the real and imaginary
components. A power level may also be expressed in decibels; (FowBol), relative to

power level 1.0.

Su(row,col) = Real § (row,co)+ «4Ima§ S (row,cdl
Pi(row,col) = Real § (row,col)’ + Imaf S (row,c9f

P_dB(row,col) = 10-log, (R (row,col)

In the descriptions that follow, SCP pix&ntered indices (irow,icol) and image coordinates
(xrow,ycol) are used to address the image signal array as a continuedisnavsional

space. The image pixel values {®w,col)} areconsidered to be the discrete samples of a
continuous, twadimensional image signal at the integer values of indices (irow,icol). See
Section 4.4.1.

For the parameters related to image signal power for inherently random signals, the term
power refers tdhe expected value of the signal power. For a noise power value, the value is
the expected value of the noise power at a given image location. For the clutter reflectivity
scale factors, the scale factors relate the expected value of the cluttergtveecltitter

based reflectivity.

4.10.1 Noise Power Level

The noise power level as a function of image location can be included in the image product.
The noise power level is expressed as adwaensional polynomial of the image

coordinates. At image grid lation (xrow,ycol), the noise power level estimate
PN_dB(xrow,ycol) is computed as follows.

NoisePoly(m,n) = cNDB(m,n), m=0to M_NDB, n=0to N_NDB
M_NDB N_NDB " N
PN_dB(xrow,ycol) = & & cNDB(m,n)( xrow)"+( yco)
m=0 nH

The noise level estimate may be one of two typalssolute or relativé as indicated by
parameter NoiseLevelType. For an absolute noise level, a power estimate of
PN_dB(xrow,ycol) = 20.0 dB indicates the expected noise power is PN(xrow,ycol) = 100.0.
For a relative noise level, a noise power estirkdedB(xrow,ycol) = 3.01 dB indicates the
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noise power is 3.01 dB higher than the noise level at the SCP pixel and the ratio
PN(xrow,ycol) / PN(0,0) = 2.0.

4.10.2 Target RCS Scale Factor

The relationship between target radar cross section (RCS) and image swgeratpo be

included in the image product. The relationship between point target RCS and image signal
power is expressed as a tgdonensional polynomial of the image coordinates. At image

grid location (xrow,ycol), the RCS scale factor RCS_SF(xrow,yaslomputed as follows.

RCSSFPoly(m,n) = cRCS(m,n), m=0to M_RCS, n=0to N_RCS

M_RCS N_RCS "
RCS_SF(xrow,ycol) = § & cRCS(m,ny xrow™+( ycdf’
m=0 nH
The RCS scale factor relates image signal pdareain ideal point scatterés RCS in sgare
meters. For a poiiarget withimpulse response centered at (xrow,ycol) and peak image
powerP_TGT, (xrow,ycol), the RCS is computed by scaling theakimagepowervalue

Target RCS(f) = RCS_SF(xrow,ycot) P_TGT (xrow,yc

The scale factor RCS_SF(xrow,ycol) is computed fiarget located at the same Height
Above the Ellipsoid (HAE) as the SCP. ltis also computed faiGT, (xrow,ycol) being
the peak signal responfe thefocused target with impulsesponse.

4.10.3 Clutter Reflectivity Scale Factors

The relationship between ima signal power and clutter reflectivity can be included in the
image product. Image power to clutter reflectivity scale factors may be included for clutter
reflectivity parameters Sigrgero 6°), BetaZero po) and/or Gamméero @,). For a

given cluter reflectivity parameter, the image power to clutter reflectivity scale factor is a
function of the image location. For example, at image location (xrow,ycol), the value of
clutter reflectivity SigmaZero that produces image powei(gow,ycol) is as dllows.

SigmaZero = SigmaZero_SF(xrow,ycal),P (xrow,yc

(1) SigmaZero Scale Factor

The SigmaZero scale factor is expressed as a-tivoensional polynomial of the image
coordinates. At image grid location (xrow,ycol), the scale factor SigmaZero_SF(xrow,ycol)
is computed as follows.

SigmaZeroPoly(m,n) = ¢SIG(m,n), m=0toM_SIG, n=0to N_SIG
M_SIG N_SIG o |
SigmaZero_SF(xrow,ycol) =& & cSIG(m,n}( xrow)"+( yco)

m=0 n=H

The value of clutter reflectivity Sigméero that produces a given image power is the image
power R(xrow,ycol) multiplied by the scale factor.

SigmaZero = SigmaZero_SF(xrow,ycal),P (xrow,yc
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(2) BetaZero Scale Factor

The BetaZero scale factor is expressed as atlvoensional polynomial of the image
coordinates. At image grid location (xrow,ycol), the s¢attor BetaZero SF(xrow,ycol) is
computed as follows.

BetaZeroPoly(m,n) = cBETA(m,n), m=0to M_BETA, n=0 toBETA

M_BETA N_BETA - ]
BetaZero_SF(xrow,ycol) = § & cBETA(m,n)( xrow)"( yco)

m=0 n=H

The value of clutter reflectivity Betdero that produces a given imagevao is the image
power R (xrow,ycol) multiplied by the scale factor.

BetaZero = BetaZero_SF(xrow,ycal),P (xrow,yc

3) GammaZero Scale Factor

The GammaZero scale factor is expressed as a-tlivoensional polynomial of the image
coordinates. At image grid lation (xrow,ycol), the scale factor GammaZero_SF(xrow,ycol)
is computed as follows.

GammaZeroPoly(m,n) = cGMMA(m,n), m=0to M_GMMA, n =0 toGMMA

M_GMMA N_GMMA
Gammazero_SF(xrow,ycol) = § A cGMMA(m, n)( xrow)"«( ycol)"

m=0 n=o

The value of clutter reflectivity Gamnigerothat produces a given image power is the image
power R (xrow,ycol) multiplied by the scale factor.

GammaZero = GammaZero_SF(xrow,ycel), P (xrow,yc

4.10.4 Clutter Reflectivity Details

For a given terrain, the clutter reflectivity paramesftsbo andg, are dimensionless ratios

that relate the area of an image resolution cell to the equivalent RCS of the cell containing
ground clutter. The RCS of the ground clutter in the cell is equal to the area of the resolution
cell times the clutter reflectivityFor a given reflectivity parameter, the area of the clutter

cell is expressed after projection to a given plane. The plane of the projection is unique to
each parameter.

SigmaZeroc®): Ratio between RCS and the area of the resolution cell
projected tahe ground plane.

BetaZeroby): Ratio of the RCS to the area of the resolution cell projected
into the slant plane.

GammaZero(@): Ratio between RCS and the area of the clutter cell projected
into plane of incidence which is normal to the line of sight
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For a given resolution cell in the image, the parameters have the following relationship. The
grazing angle and the slope angle are dependent upon the ground plane selected for
computing the area of the resolution cell. See Section 4.9.

Sigma-Zera= Beta-Ze¥o cos(SLOPE) Gamma-Zan(GRAZ)

The SigmaZero scale factor provided in an image product is computed based upon the
projection of the image points onto the surface of constant Height Above Ellipsoid (HAE)
passing through the SCP. Each image point is projected at thddC @& point. For each

image point, the ground plane is the Earth Tangent Plane (ETP) that is tangent to the surface
of constant HAE. The area of the resolution cell in the ETP is the ground plane area. The
slope and grazing angles will vary slightly the ETP geometry varies from image point to
image point.

An example resolution cell projected to the ground plane is shown in the left half of Figure
4.101. The area in ground plane, AREAiIs computed from the resolution cell dimensions
in the grouncplane,DRgpandDAgp. The RCS for the ground clutter in the cell, RGS, is

the AREAgp scaled by Sigm&ero.

AREA = R Dy RCS§ 1 = Sigma-Zero AREA,

Resolution cell projected to the Clutter cell range dimension projected normal to
ground plane at Center of Aperture. the Line of Sight & Plane Of Incidence at COA.

Cell is projected surface of constant
HAE passing through the SCP.

DRsp = DRgp X COS(GRAZ)

AREAcp = DRep X DAcp DRNpo = DRgp X Sin(GRAZ)

Figure 4.101 Resolution Cell In The Ground Plane
Clutter cell dimensions in theground plane (left) and projected range cell dimensions (right).

The projection to the slant plane and to the plane of incidence is shown in the right half of
Figure 4.101. The resolution cell area projected into the slant plane, ARERthe ground
plane area projected normal to the COA slant plane. The RCS for the ground clutter in the
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cell is AREAgs scaled by Bet&ero. The cosine of the SLOPE angle may be written as the
product of the cosine ahegrazing angléimes the cosinef thetwist angle

AREA,, = AREA _»C0OS(SLOPE) = AREA,s cos(GRAZ) cos(TWS

cos(SLOPE)

AREA,,= R s A, R Rcos(GRAZ) R pcos(TWST

DRsp Bsp

RCS, . = BetaZero AREA,

The resolution cell area projected normal to the line of sight, AREA the ground plane
are projected normal the Plane of Incidence (POI). Thef@Cfe ground clutter in the cell
is AREAro, scaled by Gammdero.

AREA,.., = AREA _sin(GRAZ)

AREA,, = BN, A, R Dsin(GRAZ) A,

DRNpo,

RCS,r = Gamma-Zero AREA,
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4.11 Transmit & Receive Antenna Parameters

The parameters that describe the transmit and receive antenna patterns are summarized
below. Refer to Table-31. The antenna parameters describe the mainlobe illumination
patterns of the transmit and receive antennas of the SAR platform. The illamipatierns
arefunctiors of the time of the illumination anithe pointing direction relative to the antenna
orientation

The antenna parameters allow the variation in received signal level due to the variation in
illumination patterns to be computed fdf points in the imaged scene. For a given point in
the scene, the variation in received signal power and signal phase may be computed as a
function of time and frequency. The variation in signal versus time may be used to compute
compensation foundegred broadening of the azimuth impulse response. The variation in
integrated signal level over time versus position in the image may be used to compute
compensatioffior variationin overall image intensity.

For all SAR collections, the received signaldefrom a point irthescene is a function of

the transmit antenna pattern at the time of transmit and the receive antenna pattern at the time
of reception. Separate sets of antenna parameters may be provided for the transmit and
receive antenna. For mtocollections, the combined effect of the two patterns may be
accurately described by a single tway antenna pattern. For these collections, a single set

of antenna parameters may be provided that describes theayitlumination pattern.

A set of amtenna parameters describes the ant@&@machanical orientation versus time, the
relative gain pattern versus pointing direction and the relative phase pattern versus pointing
direction. The gain pattern is expressed in dB relative to the gain at rebige phase

pattern is expressed in cycles relative to the phase at boresight. Variation in boresight gain
versus frequency may also be provided. For electronically scanned antennas, the electronic
steering of thenainlobeversus time is provided.

For a fixed point target in the imaged scene, denoted TGT, the relative gain and phase due to
the antenna illumination patterns is G({C" andF (t, f)"®". Time tis the time the

transmitted signal is incident at the scene being imaged. For an imagetpitth only a

two-way antenna pattern provided, the gain and phase are computed from-thaytwo

pattern evaluated at the time of incidence.

G(t,1)™ =Gy (1) FH™ = By (6F)

For an image product with separate transmit and receive antenna patterns, the gain is the sum
of the gains and the phase is the sum of the phases for the two patterns. For time of
incidence t, the time of transmit tx(t) and the time of reception is ndy be accurately

computed using the ranges from F@T to aperture phase centers, R_TX{fand

R_RCV(t)™".

tx(t) =t —1-R_TX(t)TGT trev(t) =t 41.R_RCV(t)TGT
C C
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G(t,F)™ = Gy (tX(1),F)™T 6y (trev(t), )T

FH™ = B (x(®).f)°  +d (trov(t).f)™

For most imaging collerins, the transmit and receigainsto a given point vary slowly
with time. Computing the transmit and receive patterns at the time of incidence will be
sufficiently accurate.

G(t,f)TGT - GTX (t,f)TGT "GRCV (t,f)TGT F (t,f)TGT — EX (t,f )TGT +R£ (t,f )TGT

Consider a collection from a platform with separate transmit and receive antennas. The
transmit antenna phase center (APC) position versus tii¢(i3. The receive antenna
phase center position versus tim&SV1(t). A single receive data channetwlected and
processed to form the image. The Aperture Reference Position versusAiRfe(is

Shown in Figure 4.11 is a portion the ARP and APC trajectories. For the signal incident at
the scene at time t*, the transmit time is tx(t*) and theivectime is trcv(t*). Shown is the
ARP at time t* and the APC positions at the three tinTdgtransmit and receive antennas
are shown at the three timealso shown is arquivalentantenndocated at th&RP(t*)

that can be used to compute the-tway illumination pattern. Thmechanicabrientation of
eachantenna is defined by a pair of orthogonal unit vectofsanduY. Themechanical
boresight is defined by unit vectoZ = uX x uyY.

Signal incident at the scene at time t* is transmitted at
time tx(t*) and received at time trcv(t*).

TX(trev)

X
LT TX()
uY uz
t*)

TWOWAY( ARP(t)

RCV1(t)

Receive pattern
may be computed at
time t* or trev(t)-

RCV1(trcv)

() = t* - L R_TX(t*)™®" trev(t*) = t* + L R_RCVL(tY)™®"
C C

Figure 4.12-:1 Antenna Positions & Orientations
Separate TX and RCV antennas and an equivalent twavay antenna are shown
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For a mechanically steered antenna, the mainlobe boresight is inZhdirection. For an
electronically steered antenna, the mainlobe boresight is electronically steered within the
hemisphere that is centered anzt Pointing directions in the antenna reference frame are
expressed as unit vectors. Shown in Figure-2.Elan example antenna reference frame. A
unit pointing vectoruPT, is defined by the direction cosines relative to the X and Y axes,
DCX and DCY. The ordered pair (DCX, DCY) is referred to as the direction cosine pair for
unit pointing vectouPT.

Pointing
Direction \
eDCX
uPT = gDCY
2 gDCZ

1Y <

DCX = cos(ax)

DCY = cos(ay)

DCZ = +(11 DCX?i DCY?)Y?

Mechcanical
Boresight +7

Figure 4.11-:2 Antenna Reference Frame
Pointing vectors are expressed as unit vectors in the XYZ frame

The following sections describe the antenna parameters that may be provided with an image
product. The example collection shown in Figure 414 used as a reference. For a target
TGT illuminated time t*, the relative gain and phase due to the antenna illumination patterns,
G(t*,f) T andF (t*,f) '®", are computed. The computation using an equivalentisyo

antenna pattern is described in Smt#.11.1. The computation using separate transmit and
receive antenna patterns is described in Section 4.11.2.

All antenna phase center positions and orientations are provided as functions of time t. All
positions are in ECF coordinates. The aperuientations are computed relative to the ECF
coordinate frame as described below. For all computations, time t is in seconds relative to
Collection Start.
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4.11.1 Two-Way Antenna Pattern

The gain and phase for target TGT are computed using a set eVRy@rienna pattern
parameters as described in following section. Gain G{,f5 in dB and phasE (t*,f) "
is in cycles.

TGT TGT

G(t,F)™" =Gy (L.F) F(H)™ = Ky (6f)

(2) Frequency Dependent Parameters
The base set of parameters jarevidedfor frequency §. The parameters that vary with
frequency are indicated by the inclusion of optional parameters.

fo = Base Frequency XML: Antenna.TwoWay.FreqZero

Boresight gain as a function of frequency is specified by including the gain vergusrfcy
polynomial. Gain term Glgay(f) is computed by evaluating the polynomial ait ¢f)/ fo.
Gain Ghway(f) is in dB. If polynomial is not included, set &Gay(f) = 0.

GRwayv(f) = GainBSPoly( (fq)/ fo) XML: Antenna.TwoWay.GainBSPoly

Mainlobe dilation versus frequency is indicated by optional parameter MLFreqDilation set
equal to TRUE. The modeled mainlobe dilation has the width vary inversely with frequency.
If the parameter is not included or is set to FALSE, the mainlobe pattern daesynaith
frequency. Set parameter MLD(f) as follows.

(¢

f—, If MLDilation = TRUE o
f, XML: Antenna.TwoWay.MLFregDilation
1.

0 Otherwise

MLD(f) =

— ——)

For an electronically steered antenna, the mainlobe boresight shift versus frequency is
indicated by optional parameter EBFreqShiftesgual to TRUE. The modeled boresight

shift has the mainlobe boresight shift toward the mechanical boresight. If the parameter is
not included or is set to FALSE, the mainlobe boresight does not shift with frequency. Set
parameter EBS(f) as follows.

1o 1t EBFreqshift = TRUE

EBS(f)=1 XML: Antenna.TwoWay.EBFreqgShift
f

.I:
1.0 Otherwise
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(2) Two-Way Antenna Phase Center & Orientation

For the equivalent TwdVay antenna pattern, the antenna phase center at time t* is the
ARP(t*). The antenna orientation is also computed at time t*. The antenna orientation
vectorsXVP (t*) and YVP(t*) are computed by evaluating the veetione polynomials.

XVP(t*) = XAxisPoly(t*) XML: Antenna.TwoWay.XAxisPoly
YVP(t*) = YAxisPoly(t*) XML: Antenna.TwoWay.YAxisPoly

VectorsXVP (t*) and YVP(t*) may not be unit length or precisely orthogonal due to slight
errors in the polynomial fit. VectarZ(t*) is normal plane formed by vectoxd/P(t*) and
YVP(t*). Adjusted unit vectorsiX(t*) anduY (t*) form an orthogonal basis. All vectors are
in ECF coordinates. The antenna reference frame is shown in Figw2.4.11

*) — 1 R * * :—:L . *
uUXVP (t*) = P XVP(t*) uYVP (t¥) WP YVP(t*)
Z(t9) =uXVP(t) UYVP(t*) uZ(t) :|z (1t*)|.2(t*)

a(t) sin(UXVP(t) u¥VP(t)) UN(t) =uZ(t*) UXVP(t)

UX(t*) =cos(Zs gt*))uXVP (t) sin(3+ (t§)uN(t)
UY (t*) =sin (2. &%) ) uXVP(t) ces(i (1 )uN(t)

3) Mainlobe Boresight Pointing Vector

For an electronically steered antenna, the boresight pointing vector versus time is included
with the optionaboresightsteering polynomials. The steering polynomials provide the
boresight direction cosines at time t and frequepcylhe values are thescaled by

parameter EBS(f) to account for boresight shift versus frequency. For a mechanically steered
antenna, theoresighits along tZ(t*) direction (DCX = DCY = 0). The direction cosine

pair (DCX_EB(t*,f), DCY_EB(t*,f)) is computed as follows.

For an electronically steered antenna:
DCX_EBy(t*) = DCX_EBPoly(t*) XML: Antenna.TwoWay.EB.DCXPoly
DCY_EBy(t*) = DCY_EBPoly(t*) XML: Antenna.TwoWay.EB.DCYPoly

DCX_EB(t*f) =EBS(frDCX_EB, ()  DCY_EB(t*f) = EBS(f-DCY_EB (*)

For a mechanically steered antenna: DCX_EB(t*,f) =0 and DCY_EB(t*,f) =0

118



SICDVolume 1 Design & Implementatiddescription
NGA.STND.00241_1.1 (201409-30)

(4)  Target Pointing Vector

The unit pointing vector from the antenna phase center to the targeuTGT (t*), is
computed in ECF coordinates. The direction cosine pair (%" and DCY(t*)™®") is
then computed as follows.

*) — 1 Wof *
uTGT (t¥) TGT - ARP @) (TGT ARP(t))
DCX(t*) T =uTGT(t*) HX(t¥) DCY(tY) ™" =uTGT(t*) §Y(t*)

The difference in direction cosines for the target relative to the mainlobe boresight is also
computed.

DDCX(t+f) ™" DCX(t*) ™" DCX_EB(t*f)
DDCY(t+f) ™" DCY(t) ™" DCY_EB(t*f)

(5) Array Pattern Gain & Phase

The shape of the mainlobe of the illumination pattern is defined by the array pattern. The
array pattern is specified by a gain polynomial and a phase polynomial. The gain
polynomial, G_ARR_Poly, specifies the gain in dB relative to the gain at maibtwbsight.
The phase polynomidk, _ARR_Poly, specifies the phase in cycles relative to the phase at
mainlobe boresight.

G_ARR_PolyDDCX, DDCY) XML: Antenna.TwoWay.Array.GainPoly
F_ARR_Poly PDCX, DDCY) XML: Antenna.TwoWay.Array.PhasePoly

Fortarget TGT, the twavay array pattern gain and phase, G_ARR(t*,f) "°T and

F_ARRway(t*,f) ", are computed as follows. The array polynomials are for frequgncy f
and scale factor MLD(f) accounts for mainlobe dilation versus frequency (if any).

G_ARR, ()™ =G_ARR_Polf MLD(fy ICX(t*f)"",MLD(f)- mEY(t*f) ™)
F_ARR,,, ()™ = FARR_Poly MLD(f} MCX(t*) ™", MLD(f)- DOY(t*f) ")

For most mechanically scanned antennas, the phase within the mainlobe is constant and the
phase polynomial is set to 0. For many antennas, the mainlobe gain is accurately described
by a twedimensional quadgtic function based on the beamwidths.

(6) Element Pattern Gain & Phase

119



SICDVolume 1 Design & Implementatiddescription
NGA.STND.00241_1.1 (201409-30)

For an electronically steered antenna, the gain is reduced as the mainlobe is steered off
mechanical boresight. The variation in gain as a function of steering is included with the
optional element pattern gain polynomial, G_ELEM_Poly. An element pattern phase
polynomial is also included;, ELEM_Poly. For most antennas, the element pattern phase
is constant an8 _ELEM_Poly is set to zero. For a mechanically steered antenna, the
element pattern polynomials are not included.

G_ELEM_Poly(DCX,DCY) XML: Antenna.TwoWay.Elem.GainPoly
F_ELEM_Poly(DCX,DCY) XML: Antenna.TwoWay.Elem.PhasePoly

Fortarget TGT, the twavay element pattern gain and phase, G_EkM(t*) "®" and
F_ELEMaway(t*) "°T, are computed as follows.

For an electronically steered antenna:
G_ELEM,,,, (t)™°" = G_ELEM_Poly DCX(t*'",DCY(*)™")

F_ELEM,,, ()™ = FELEM_Poly( DCX(t)™", DCY(t)™")

For a mechanically steered antenna:
G_ELEMawav(tY)™®T=0 F_ELEMawav(t*) ©T=0

(7 Two-Way Gain & Phase

For target TGT, the twavay gain and phase at time t* and frequency f is the sum of the
gains and the sum of the phases computed above.

GZWAY (t*'f) er = GFZWAY f) -G_ARRZWAY (t*’f) et G_ELEIVEWAY (t*) et

F 2WAY (t*’f) et = _FARR 2WAY (t*’f) Ter +_E‘EM 2WAY (t*) Ter
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4.11.2 OneWay Antenna Patterns

The gain and phase for target T@me computed using a pair of eway antenna pattern
parameter sets as summarized in following section. Gain Gft*j§ in dB and phase
F(t*,f) "®Tis in cycles.

G(t*,f) ™" =G, (tx(t%),f

)TGT

6 o (trev(t),f) ™7

F(t5F)™ = F (x(t),f ) +.& froven),f )™

The computations for the oiveay patterns are nearly identical as those shown for the two
way pattern in Section 4.11.1. For the transmit pattern, the gain is computed as the sum of
three gains and the phase the sum of two phases.

Grx () ™" =GRy () S_ARRy ()™ G_ELEM, ()™
F ™> (t*'f) Ter = _FARRTX (t*’f) er +_E—EMTX (t*) et

For the receive pattern, the gain is computed as the sum of three gains and the phase the sum
of two phases.

Grov (1) T = GFov () 6_ARR.., (t*lf)TGT G_ELEM, (t) et
Frev (0 e = FARR . (t%,f) Ter + HLEM (1) Ter

The only differences are the computation of thesmain APC positiorand the receivAPC
position. These differences are described below.

(1) Transmit APC & Orientation
The transmit APC position at time t* @@mputedas shown below.

TX(t*) = Tx_APC_Poly(t*) XML: Position.TXAPCPoly
The transmitintennarientationis computed at* as shown below

XVP (t*) = XAxisPoly(t*) XML: Antenna.Tx.XAxisPoly
YVP(t*) = YAxisPoly(t*) XML: Antenna.Tx.YAxisPoly

Unit vectorsuX(t*), uY (t*) anduZ(t*) are generatedsing the same normalization steps as
shown abovdor the equivalent twavay antenna
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(2) Receive APC & Orientation

The receive APC position versus time polynonsaielectedfor the receive data channel
processedThe Image Formation parameter block specifies which receive data channel is
processed . The Radar Collection parameter block indicates which Receive APC is
associated with the receive data channel. See Taltie3 B and 38.

The receiveantenn@APC andorientationarecomputed at t'as shown belowIndex idx is
the receiveAPC index value for the processed receive data channel.

RCV(t*) = Rcv_APC_Poly(idx, t*) XML: Position.RcvAPC.RcvAPCPoly
XVP(t*) = XAxisPoly(t*) XML: Antenna.Rcv.XAxisPoly
YVP(t*) = YAxisPoly(t*) XML: Antenna.Rcv.YAxisPoly

Unit vectorsuX(t*), uY (t*) anduZ(t*) are generated using the same normalization steps as
shown above for the equivalent tm@y antenna.
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4.12 Error Parameters

The parameters provided to determine error statistics felogation estimates computed

from an image product aseimmarized below. Refer to Tablel3. The error statistics are
optional parameters. For an image product that includes them, the provided parameters are
used with the SICD sensor model to compute error statistics for the parameters estimated in
the moetl.

The SAR sensor model mapping of image pixel grid locations to geolocated points in the
imaged scene involves two fundamental projection computations. See Figufle 4.12

(1) Image To Scene: The projection from image pixel grid location to a
geolocatd point in the scene that was imaged.

(2) Scene To Image: The projection from geolocated point in the scene to the
image pixel grid location.
The error statistics included with an image product may be used to compute error statistics
for both fundamentgdrojections. For the image to scene projection, the errors statistics for

the geelocated scene point estimate may be computed. For the scene to image projection,
the error statistics for the computed image location may also be computed.

Image Pixel Grid . ) PROJECTION CONTOUR Scene
w*,icol*) <€—9 <«—> .
(irow*icol") ARPcon  VARPGon Point (SP)
R / Rdot

(irow*icol*) -O-—

Projection Geometry Along R/Rdot Contour
ARPcoa

Image To
Scene

DCA: Doppler radius = R x sin(DCA)
VARPcoa

Cone Angle

R/Rdot R/Rdot

Select Scene Points On
Correct Side Of Track

RIGHT LOOKING LEFT LOOKING

GROUND SURFACE
R/Rdot Contour

Figure 4.121 SAR Geolocation Computations
Image grid location (irow*,icol*) projects to the ground surface along a R/Rdot contour
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The error statistics included with an image product are of two types: (1) composite error
statistics or (2) component errgasstics. The composite error statistics are the elements of
a simple range and azimuth covariance matrix. The component error statistics are divided
into the components that contribute to errors in sensor model estimates.

4.12.1 Composite Error Statistics

Theerror sources that impact the accuracy of-lgeation estimates from a SAR image are
characterized by their contributions to the error in measured range and range rate. An error

in range rate translates to an error in azimuth in the slant plane at B@A. given image,

the composite effect of all error sources may be expressed as a range and azimuth covariance
matrix. The composite error parameters contain the composite covariance elements.

4.12.2 Component Error Statistics

The error statistics provided an image product may be specified for the individual
components that contribute to errors in-4gation estimates from a SAR image.

(2) Position & Velocity Covariance Matrix

The elements of the position and velocity covariance matrix are inclddeddiagonal

terms are always specified. The correlation coefficients may also be included. The
decorrelation versus time for position estimates may also be specified with a simple linear
model.

(2) Radar Sensor Errors

The primary error sources assoedhtvith the radar sensor are a range bias and a transmitted
frequency error. The parameters of a range bias decorrelation model may also be included.

3) Propagation Model Errors

The error statistics associated with the predicted propagation delatgsttiegroposphere
and the ionosphere may be included. Error decorrelation model parameters may also be
included.
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4.13 Matched Collection Parameters

The parameters that identify other imaging collections that are matched to the current
collection are summargz below. Theurrent imaging collection is the imaging collection
from which the image contained in the product file was produced. Refer to TaBleThe
use of these parameterper program specific implementation and product design

Aparrofimngi ng coll ections may be considered to
The criteria by which collections are matched is referred to as the Match Type. For example,

a set of collections may be matched in that they are a time sequence collectdu: feammé

imaging geometry over a number of days or weeks in order to detect changes in the scene. A
second set of collections may be matched in that they cover a set of adjacent scenes for

which a large area composite image product may be produced.

The mached collection information provided is separated by Match Type. For each Match
Type, a list of matched collections is provided. The number of match types and the match
type identifiers are defined as part of the product design. The match type édentifielD,

is a text based parameter. For tasking and/or collection systems that assign each collection in
the set an integer sequence index, the sequence index may be also be provided. For the
current collection, the sequence index is referred toea€tirent Index. For a matched

collection, the sequence index &farred to as the Match Index.

Additional parameters may be included with each matched collection that are relevant to the
match criteria. For example, collections that are matched lgctioh geometry may

include the parameters and their values that indicate the quality of the match. For collections
matched for coherent image processing, the parameters included may be the differences in
grazing angle and azimuth angle of the matchdéldctmn relative to the current collection.

The choice of additional parameters is defined as part of the product design.
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4.13.1 Matched Collection Example Structure

An example matched collection information structure is shown below. In the example
shown,match collection lists are provided for two Match Types. For the first match type,
TypelD = TIME_SEQUENCE, three match collections are listed for which the current
collection is collection 2 of 4Note that the number of matched collections does natdec

the current collectionFor the second match type, TypelD = IMAGE_ANGLE, one matched
collection is listed. For the matched collection, an additional parameter is provided with the
name = AANGLEO and value 10. 0.

XML: Matchinfo
NumMatchTypes 2

MatchType index=1 € Match Type 1
Typel D = ATI ME_ S EQ DypITIE 0
Currentindex = 2 € Current Collection Index

NumMatchCollections = 3

MatchCollection index =1 € Match 1
CoreName = fAxxxé CollectinID
Matchindex =1 € Match Collection Index

MatchCollection index =2 € Match 2
CoreName = fAxxxé CollectionID
Matchindex = 3 e Maitch Collection Index

MatchCollection index =3 e Match 3
CoreName = fdxxxé CollectionID
Matchindex = 4 € Match Collection Index

MatchType index =2 € Match Type 2

Typel D = fil MAGE _ AN Gypdd2

NumMatchCollections = 1

MatchCollection index =1 e Match1l
CoreName = fxxxé CollectionID

Par amet er n a me e =ParmnedGANGLE =1001 0. 0
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