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1. INTRODUCTION:

The documentation for this data set was originally on paper, kept in NSSDC's

Data Set Catalogs (DSCs). The paper documentation in the Data Set Catalogs have been
made into digital images, and then collected into a single PDF file for each Data Set
Catalog. The inventory information in these DSCs is current as of July 1, 2004. This
inventory information is now no longer maintained in the DSCs, but is now managed in
the inventory part of the NSSDC information system. The information existing in the
DSCs is now not needed for locating the data files, but we did not remove that inventory
information.

The offline tape datasets have now been migrated from the original magnetic tape to
Archival Information Packages (AIP’s).

A prior restoration may have been done on data sets, if a requestor of this data set has
questions; they should send an inquiry to the request office to see if additional
information exists.



2. ERRATA/CHANGE LOG:

NOTE: Changes are made in a text box, and will show up that way when displayed on
screen with a PDF reader.

When printing, special settings may be required to make the text box appear on the
printed output.

Version Date Person Page Description of Change

01

02



3 LINKS TO RELEVANT INFORMATION IN THE ONLINE NSSDC
INFORMATION SYSTEM:

http://nssdc.gsfc.nasa.gov/nmc/

[NOTE: This link will take you to the main page of the NSSDC Master Catalog. There
you will be able to perform searches to find additional information]

4. CATALOG MATERIALS:
a. Associated Documents To find associated documents you will need to

know the document ID number and then click here.
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

b. Core Catalog Materials


http://nssdc.gsfc.nasa.gov/nmc/
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CHAPTER 1

General Description

1.1. Overview

This Software Interface Specification (SIS) contzins the description of the Surface Characteristics Vector Data
Reccrd (SCVDR) tapes produced for the Magellan (MGIN) Project. The Magellan Project is managed by the Jet
Propulsion Laboratory (JPL); SCVDR tapes are created at Stanford University. SCVDR tapes contain results of

processing Magellan altimetry, SAR image, and emissivity' data to obtain electrical and physical properties of
Venus’ surface [1].

1.2, Scope

The format and content specifications in this SIS apply to all phases of the Magellan Project for which the
SCVDR is produced.

1.3. Applicable Documents

(1) Tyler, GL., R.A. Simpson, M.J, Maurer, and E, Holmann, ‘‘Scattering properties of the Venusian surface:
preliminary results from Magellan,” J. Geophys. Res., 97, 13115-13139, 1992.

(2) MGN 630-79, Rev. D, ““Magellan Planetary Constants and Models’”, D.T. Lyons, Magellan Mission
Design, JPL, January 9, 1991.

(3) MIT-MGN-ARCDR, Software Interface Specification, Altimetry and Radiometry Composite Data Record,
MIT Center for Space Research, 12 September 1991,

(4) ANSI X3.27-1978, American National Standards Institute, Magnetic Tape Labels for Information
Exchange, Appendix X, Label and Volume Organization, April 18, 1977.

(5) JJPL-0006-01-00, JPL SFDU Description and Usage. Issue 5, March 7 1988.

(6) D-7669, Planctary Data System - Data Preparation Workbook, Version 2.0, Jet Propulsion Laboratory, 3
May 1991,

(7) SFOC-2-DPS-CDB-Ephemeris, NAIF Ephemeris File, JPL Navigation Ancillary Information Facility,
July 15, 1988.

(8) SDPS-101, Full-Resolution Basic Image Data Record, Revision D, Jet Propulsion Laboratory, 6 March
1992,

(9) Simpson, R.A., M.J, Maurer, and E. Holmann, Stanford Magellan Data Processing System, TBD.

(10) MGN-IDPS-102, Magellan Software Interface Specification, Compressed-resolution Basic Image Data,
JPL, February 14, 1990,

(11) HS513-5029, Magellan Radar Sensor Compensation Report, ed. C. Cuevas, Hughes Aircraft Corporation,
18 August 1989.

! Throughout this document, we will often refer to passive measurement of thermal radiation from Venus as em-
issivity measurements; the SCVDR records and files that contain data from those measurements will be called
emigsivity records and emissivity files. Our MIT colleagues use the same spacecraft data and have generated
records and files which they call radiometry results [8] that share many of the same attributes. We make the
disinction in wording solely to emphasize that the Stanford and MIT data sets, although in many ways com-
parable, are in fact different.
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(12) D-4613, Magellan Mission Operations System-Radar Interface Requirements Document {630-204), Hughes
Aircraft Corporation, May 1987.

(13) SFOC-1-CDB-MGN-SCLKvSCET, Magellan SCLK/SCET Coefficients File, Final, 2 November 1985,
1.4. System Siting

1.4.1. Interface Location and Medium

SCVDR tapes are created by the Stanford Magellan processing system, which consists of DEC DS3100, DEC
DS5000, Sun 4/110, and Sun SPARC-2 workstations; a DECsystem 5400 file server; and associated peripherals.

1.4.2, Data Sources, Transfer Methods, and Destinations

SCVDR tapes contain files created by the Stanford Magellan processing system. Input to the SCVDR is pro-
vided by programs [1,9]:
MLOAD loads original data from tape to disk, and removes SFDU headers

ALT carries out pulse compression and Fourier analysis on data from ALT-EDR tapes; results from this
step are saved as range-Doppler arrays

GMX computes matrices, dependent on geometrical factors, which are required by the altimetry inversion
program ALTINV

ALTINV converts altimetry range-Doppler arrays to estimates of the surface scatiering function near nadir
SSLFIT fits analytic scattering functions to the scatiering function solutions provided by ALTINV

RMAP  reduces compressed image data {from C-BIDR tapes) to estimates of the surface scattering function at
oblique angles and pixel histograms

RADI converts measurements of Venus' microwave thermal emission to estimates of surface brightness and
emissivity
COMP  computes radiometric compensation for altimetry system

RADP converts Processing Parameters files associated with sinusoidal and oblique image data into a single
file for use by RADI

ENGEX extracts and conditions specified channels from telemetry stream, using DECOM/DECAL and
ENGINEERING files (and MIT decommutation module)

SABEX extracts SAB headers from SAB_HEADER file and saves for input to RADI

RCOMP performs radiometric and timing compensation for RADI; uses HAC algorithms and atmospheric
model results from RATM

RATM  computes atmospheric brightness and attenuation based on Magellan-adopted standard model and
refinements

SCVDRs are written on 8 mm cartridge tapes using the UNIX tar utility. Product tapes are provided to the
MGN Data Management and Archive Team (DMAT), which forwards the tapes to Magellan users.

1.4.3. Generation Method and Frequency

SCVDR tapes are generated by reformatting and manipulating output files from Stanford programs MLOAD,
ALTINV, SSLFIT, RMAP, RADI, and GMX. Each SCVDR contains data from up to 100 sequential orbits.
SCVDRs are gencratcd when the data for the appropriate orbits become available.

1.5. Assumptions and Constraints

1.5.1. Usage Constraints
None,
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1.5.2. Priority Phasing Constraints
None.

1.5.3. Explicit and Derived Constraints
None.

1.5.4. Documentation Conventions

1.5.4.1. Data Format Descriptions

The reference data unit is the byte. In the SCVDR, data are stored in fields with various sizes and formats, viz.
one-, two-, and four-byte binary integers, four- and eight-byte binary floating-point numbers, and strings of char-
acters. Data are identified throughout this document as

char 8 bits character

short 16 bits  integer

long 32 bits  integer

float 32 bits  floating point (sign, exponent, and mantissa)

double 64 bits  floating point (sign, exponent, and mantissa)

u (prefix) unsigned (as with ulong for unsigned 32-bit integer, uchar is an un-
signed 8-bit integer)

other special data structures such as sfdn, calib t, etc. which are described

within this document

The detailed formats of the numeric fields of the product tapes are defined in Appendix A.

If a field is described as containing n byies of ASCII character siring data, this implies that the leftmost (lowest
numbered) byte contains the first character, the next lowest byte contains the second character, and so forth.
Character strings are written to tape with lower numbered bytes preceding higher numbered bytes.

An array of n elements is written as array[n]; the first ¢clement is array[0], and the last is array[n—1]. Array[n][m]
describes an n m e¢lement array, with first element array[0][0], second element array[0][1], and so forth-
according to C language conventions, not FORTRAN conventions.

1.5.4.2. Time Standards

The SCVDR uses the January 1.5, 2000 epoch as the standard time for Spacecraft Event Time (SCET). Within
the data files, all times are reporied in Spacecraft Event Time, expressed as a binary double precision data field
representing the number of elapsed seconds of Ephemeris Time (TDB) since noon, January 1, 2000 [2].

The SCVDR uses a string of 23 ASCII characters when a local time, such as the time that a certain processing
activity began, is required. The format is "YYYY-MM-DDThh:mm:ss.£££", where *=°, " T, *:, and *." are
fixed delimiters; "YYYY" is the year *19nn” or “20nn" "MM” is a two-digit month of year; *DD” is a two-digit
day of month; “T° separaies the date and time segments of the string; *hh” is hour of day; “mm” is the minutes of
hour (00-59); “ss” is the seconds of hour (00-59); and "£££” is in milliseconds. "Local" times are given in
Coordinated Universal Time (UTC),

1.5.4.3. Coordinate Systems
The SCVDR uses two coordinate systems—the J2000 coordinate system and the VBF85 coordinate system [2].

1.5.4.4, Limits of This Document
This document applies only to the SCVDR product.

1.5.4.5. Typographic Conventions

To make Section 5 of this document more readable, the following combinations of fonts and typefaces are used
for special purposes:
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Boldface for symbolic names of SFDU components, e.g. length field.

Typewriter for label keywords and all other ASCII character string values (for example,
fCCSD1z(00001", always enclosed in quotation marks), decimal values (for example, 1990,
with no quotes), and hexadecimal values (for example, Ox£ £, with leading 0x).

1.6. Acknowledgement

This document, and the product it defines, have been deliberately modeled after the Magellan ARCDR product
from the MIT Center for Space Research [3]. The ARCDR has been well tested in the Magellan environment,
and it is intended that the SCVDR be designed in such a way as to maximize the inheritance available. The
contributions of Peter Ford of MIT, both toward formatting the SCVDR and in preparing this document, are par-
ticularly appreciated. Readers may recognize large blocks of text that have been adapted here from the ARCDR
SIS with little change, In those sections and elsewhere, however, any errors in the description of the SCVDR
product should be attributed solely to this document’s Stanford authors.



CHAPTER 2

INTERFACE CHARACTERISTICS

2.1. Hardware Characteristics and Limitations

2,11, Special Equipment and Device Interfaces
The SCVDR data are stored on 8 mm cartridge tapes using the UNIX tar (tape archiver) utility.

Original SCVDR products are written in IEEE or VAX binary format using a workstation at Stanford. SCVDR
product tapes delivered to DMAT are copies of the original tape(s), with formats as selected by eventual end
users (see Distribution page to this document). If additional copies of the SCVDR are requested from Stanford,
they will be generated from these original copies.

2.1.2. Special Setup Requirements
None.

2.2, Volume and Size

The SCVDR data for each orbit consist of a set of six files, as detailed in Section 4. The altimetry, image, and
emissivity files vary in length according to the characteristics of the spacecraft orbit at the time of data acquisi-
tion and with spacecraft system functions and telemetry quality, A typical set of six files from an early orbit in
the Magellan Mission comprises 10 MBytes. Each SCVDR product tape contains data from a maximum of 100
orbits.

2.3. Labeling and Identification

2.3.1, Magnetic Label
N/A

2.3.2, External Tape Label

Each volume has an external label defining its contents. The label includes the following structure as the unique
product identifier:

SCVDR.first-last;version
PROCESS_TIME=YYYY-MM-DDThh:rm:ss.f£f
DATA FORMAT TYPE=cccc

where “first” and “last” are 5-digit decimal numbers denoting, respectively, the Project assigned orbit
numbers of the first and last orbit contributing data to the product tape. "Version’ is a decimal version
number which is initialized at *1” for each product tape and incremented by 1 for each subsequent iteration of
that product tape. For test tapes, “version” consists of the single character “T° followed by a decimal number
which is initialized at *1” for each test tape and incremented by 1 for each subsequent iteration of that test tape.

The external label also shows the product creation time (PROCESS_TIME in Section 5.2; see also Section
1.5.4.2) and the binary format (DATA FORMAT TYPE in Section 5.2; see also Section 2.1.1).

24. Interface Medium Characteristics
SCVDR products are contained on 8 mm cartridge magnetic tapes.

SU-MGN-SCVDR v 1.0
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2.5. Failure Protection, Detection, and Recovery Procedures
None.

2.6. End-of-File Conventions
End of file labeling complies with SFDU standards (see Section 4).

2.7. End-of-Volume Conventions
End of volume labeling complies with SFDU standards {see Section 4).



CHAPTER 3

ACCESS

3.1. Programs Using the Interface

Data contained on an SCVDR tape will be accessed by programs at the home institutions of Magellan and other
investigators. Those programs cannot be identified here.

It is anticipated that the SCVDR will be a primary input to the creation of the Global Vector Data Record
(GVDR) product at Stanford. The GVDR creation process has not yet been defined.

3.2. Synchronization Considerations

3.2.1. Timing and Sequencing Considerations

Data in the altimetry, image, and emissivity files are arranged by "footprint” number, starting from 1. Footprint
spacing is a function of altitude and Doppler resolution, but increasing footprint numbers always indicate
increasing SCET measurement times,

3.2.2, Effective Duration

Except for test versions, SCVDR product tapes delivered to DMAT are the final versions. That does not preclude
reissuance of an SCVDR if subsequent corrections and/or updates justify such action.

3.2.3. Priority Interrupts
None.

3.3. Input/Output Protocols, Calling Sequences
None.
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CHAPTER 4

Detailed Interface Specifications

4.1. Structure and Organization Overview

The SCVDR consists of a series of UNIX tar files on 8 mm cartridge tape. The first tar file contains the
SCVDR Volume Header File, The next-to-last and last tar files contain, respectively, the SCVDR G-Matrix File
and the SCYDR Volume Trailer File. Between the first and next-to-last tar files are tar files (one per Magellan
orbit for up to 100 orbits) which contain results of Stanford analyses of Magellan data. In the following
diagram the numbers on the left refer to the parts of Section 5 that describe the detailed format of these files.

e

! 5.2 | volume Header File | orbits n-m

4+ 4
T T

Repeating tape files for orbits n through m
{(up to six data files per tape file)

T_5.3 i Orbit Header File .] Orbit 1 T
T_5.4 | Alt;_r-;;try Inversion File | Orbit i i
T-S.S i Inversion Fit File ! Orbit i i
T_S.G | SIN Image Data ;IJ_.e i Orbit i |
T_S.G | OBL Image Data File |r Orbit i !
i 5.7 .i Emissivity Data_;;le i Orbit i !r
i 5.8 | G-Matrix File | Orbits n-m E
i 5.9 :l Volume Trailer File I Orbits n—m l

If peither ALT-EDR nor C-BIDR is available for a particular orbit, the entire set of orbit files are omitted from
the SCVDR tape. The omission will be noted in the Catalog/Keyword Label of the Volume Header File. If
either the AL'T-EDR or C-BIDR (but not both) is missing or unusable, the corresponding data file(s) is
recorded, but the SFDU header label is followed by zero logical data records.

4.2. Substructure Definition and Format

Section 5 of this document details the use of Standard Formatted Data Unit (SFDU) labels and headers and pro-
vides a description of the data files on the tape. The G-Matrix File is described in Section 5.8; the Volume
Header and Trailer Files are detailed in Sections 5.2 and 5.9, respectively.

4,2,1. SFDU Labels and Headers

SFDU labels [5] are used to identify and characterize each file on the product tapes. To conform with the con-
vention adopted for other Magellan data products, all length fields in SFDU labels arc recorded as 8-byte ASCH
values.

SU-MGN-SCVDR v 1.0
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4.2.2, Data Physical Blocking

SCVDR tapes are constructed using the UNIX tar utility. The first tar operation writes the Volume Header File
to tape. Subsequent tar operations write data for specific orbits to tape. Data for the ith orbit will be in a later
file than data from the j’th orbit if i>j. The next to last tar operation writes the G Matrix File to tape. The final
tar operation writes the Volume Trailer File to tape. If there are k orbits of data in the SCVDR, the tape will
contsin k+3 tar files.

Only default settings are used for the tar operations. The tar operation writes one tar header block to tape, one
or more blocks containing file data, and two blocks filled with zeros, Blocks contain 512 bytes each and are
typically handled in groups of 20. System default conventions for padding unused space in blocks are used.

Within the tar files, logical records span blocks. Each logical record begins with an SFDU header label. There-
fore, file blocks, except the first following the tar header block, do not necessarily begin with SFDU headers.

4.2.3. Block Length
Default block length of 512 bytes is used.



CHAPTER 5

SCVDR Data Block Format Descriptions

5.1. SFDU Label Structures

Each data file contains a series of Standard Formatted Data Units (SFDUs), Each SFDU begins with a 12-byte
type header, followed by an 8-byte length indicator, and a varying-length value field. The SCVDR uses several
SFDU types:
Primary Label

A string beginning “CCSD1Z", identifying the data as obeying the conventions of the CCSDS authority.

Catalog/Keyword Label
A string beginning "NJPL1K” that further identifies each data file by a series of "KEYWORD=VALUE"
definitions.

Data Aggregate
A string beginning "NJPL1I" that begins a fixed-length block of data.

Aggregation Marker
A pair of strings beginning "CCSD1R’ that sandwiches collections of data with length that is otherwise
undefined.

5.1.1. Data File Nomenclature
Names and abbreviations for data files are shown in Table 5-1.

i Table 5-1. Data File Nomenclature |
i SCVDR Product | Agk::_:ev— i Data Object or Product Type :
[ File Name | iation | SFDU Keyword Value |
i Volume Header File | VHF | i
!r Orbit Header File i OHF i. fORBIT HEARDER FILE’ i
I_I_&I;_L;;t_:;;_;;;;;sion File Ji_ ANF i "INVERSICN FILE' __T
T Inversion Fi;n;ile i NNF i fINV FIT FILE' i
I SIN Image File i SIF ! fSIN IMAGE FILE’ i
i OBL TImage File i OIF i fOBL IMAGE FILE' i
i Emissivity Data File i EDF i fEMISSIVITY FILE' o i
i G-Matrix File ! GMF i G MATRIX FIEET - |
1 Volume Trailer File ,l V;;“ : o I|

5.1.2. Generic Data File Structare

The generic structure of data files is shown in Figure 5-1, It begins with a 12-byle *CCSD1Z000001" type
ficld and an 8-byte length field. These are followed by a keyword and value SFDU, a header data SFDU, and a
collection of data SFDUSs.

SU-MGN-SCVDR v 1.0
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Sample Varying-Length File Structure

Figure 5-1.
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When the collection of data SFDUs has variable length (for example, the altimetry, image, emissivity, and G-
matrix files), the collection of data SFDU’s is bounded by a pair of SFDU "R" labels that identify the start and
end of that collection. These Iabels start with the string "CCSD1IR000003", as shown in Figurc 5-1. The key-
words "DELIMITER” and 'PRODUCT NAME have the values shown in the following figures. When the
bounded data contain more than a single registered SFDU aggregate, the additional "R" label keyword “TYPE®
must be used to describe the data format.

If "R" labels bound varying length data, the length recorded in the primary "CCSD12 " label is the length of the
catalog/keyword SFDU, plus the length of the header data SFDU, plus the length of the first "R" label SFDU.
Otherwise, the length recorded in the primary label is that of the remainder of the file, i.e. 20 less than the total
number of bytes in the data file.

Sections 5.2 through 5.9 describe specific data file and record structures in detail, Section 5.1.3 describes the
generic keyword and label SFDU.,

5.1.3. Generic Catalog Keyword Labels

The SFDU catalog keyword label is made up of a set of fields that completely identify each file according to its
type, content, origin, and version. In addition, the label contains time tags identifying the time and date on
which the data were created.

The value of the catalog keyword label is an ASCII string comprising several keyword/value pairs.
Alphanumeric characters are always in UPPERCASE. Underscore characters (0x5£) are used between words—

0 "white spaces” such as null (0x0), space! (0x20), or tab (0x9) are permitted. All numeric fields are of fixed
length, and unused leading digit positions are filled with ASCII zero (0 characters,

The "keyword=value" syntax used in SCVDR keyword labels is a subset of the "Object Definition Language”
{ODL) used by the Planetary Data System [6]. Each keyword/value pair is separated by an equals sign and is
terminated by a carriage return (0xd) followed by a line feed (0xa), which are not shown in the following
figures. Figure 5-2 identifies some of the parameters that will appear in SCVDR keyword fields.

DATE_SET_NAME=SCVDR.nnnnn-nnnnn.v -’
DATA | " OBJECT TYPE=SCVDR J
PRODUCT_SEQUENCE_NUMBER—nnnnn

PRODUCT FILE_NAME=cccccccec

PRODUCT TYPE=CCCCCCCT

+- F
[ Figure 5-2. Sample SCVDR Catalog/ Keyword Label I
+——t —+- }
| T | NJPL1KOOKLOO | K-Label I
— t -—+
I = | 00000xxx I length Field |
e e e -
| v |
I
I
|
i

[

[

[

[

i

|

| MISSION_ID=4
1 MISSION NAME=MAGELLAN
I

I

I

I

I

|

i

I

L Keywords
SPACECRAFT_ID=18 and
SPACECRAFT NAME=MAGELLAN Values

I

|

I

I

I

I
" I
ORBIT NUMBER=nnnnn I
UPLOAD _ID=ccecc I I
NAV_UNIQUE ID=cccccc | -
HARDWARE_VERSION ID=nnn |
MAJOR_SOFTWARE_VERSION_ID=nnn I
MINOR_SOFTWARE VERSION_ ID=nnn I
PROCESS_TIME=YYYY-MM-DDThh:mm:ss.f£f |
DATA_FORMAT TYPE=ccce I

.I_ — e e e e e . — ——— ————— — —

! Catalog keyword headers must contain an even number of bytes. To accomplish this, an ASCII blank (0x20)
may be added before the last carriage return and line feed. Subsequent data then line up on even-numbered
boundaries.
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UPLOAD ID=

NAV_UNIQUE_ID=

HARDWARE VERSION_ID=

SU-MGN-SCVDR v L0

Six characters "PBBBBC’, where “P” is the mission phase, "BBBB” is the
upload number within that phase, and "C” is a revision indicator in the range
AZ

A character string indicating the orbit solution used in the ephemeris file(s)
for processing. NB: orbit solutions may be different for altimetry and image
data processing; for all of Magellan Cycle 1 and much of Cycle 2, only a
single NAV_UNIQUE_ID was available during construction of the SCVDR.

A 3-digit number, “nnn’, identifying the hardware version number of the
Stanford data processing system used 1o create this SCVDR file or volume.

MAJOR_SOF TWARE_VERSION_ID=

A 3-digit number, “nnn”, identifying the major software version number of
the Stanford SCVDR program used 10 create this file or volume.

MINOR_SOFTWARE_VERSION_ID=

PROCESS_TIME=

DATA_FORMAT_TYPE=

A 3-digit number, *nnn’, identifying the minor software version number of
the Stanford SCVDR program used to create this file or volume.

Indicates the time (UTC) at which the product was created or substantially
modified. See Section 1.5.4.2 for format. For the Volume Header File this
is the time which appears on the external label (Section 2.3.2).

Either *VAXX" or "IEEE", depending on the format in which binary fields
are represented in the data records. This is the format which appears on the
external label (Section 2.3.2).

-14 -
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5.2. Volume Header File

Each SCVDR product tape begins with a Volume Header File (VHF)-a set of SFDU volume descriptors and
catalog keywords. It identifies the number and sequence of orbits on this multi-orbit product. Compared with
the gzneric data file structure (Section 5.1.2) the Volume Header File contains only the CCSD header, the key-
word and value SFDU, and the aggregation start marker. The corresponding aggregation end marker is con-
tained in the Volume Trailer File.

o

| Figure 5-3. Stanford Volume Header File (VHF) Format

I
4t : -— ' ' +
| = | | ccsp1zo00001 | ccsps rabel | ccsps |
= : } + Header |
| n | | 00000xxx | Length Field | I
} v | 7 | NJPL1KOOKLOO | K-Label [ I
E— } —t
I 'z | 00000xex | Length Field | !
J } t —4

] | v | DATA SET NAME=SCVDR.nnnnn-nnmnnmn.v I I I
| I | DATA OBJECT TYPE=SCVDR I I I
I I | PRODUCT SEQUENCE NUMBER=nnnnn I I I
[ I | MISSION ID=4 - I |Keyword |
I I | MISSION NAME=MAGELLAN |  Keywords | and |
I i | SPACECRAFT ID=18 I and | value |
[ I ! SPACECRAFT NAME=MAGELLAN | Values | sroU |
| | | ORBIT NUMBER=(nnnnn[,nnnnn,...1) | | |
! I | HARDWARE VERSION ID=nnn | | I
i [ | MAJOR SOFTWARE VERSION ID=nnn [ | I
I [ | MINOR SOFTWARE VERSION ID=nnn [ | |
I ! | PROCESS TIME=YYYY-MM-DDThh:mm:ss.fff | | |
I ! | DATA FORMAT_TYPE=cccc I | i
I | 7 | cCcsD1r000003 | Sstart Label | I
| = { + BAggr |
| 1 | 00000xxx | Length Field | start |
[ S— ' + Marker |
I | v | DELIMITER=SMARKER I Start | i
| | | PRODUCT_NAME=SCVDR I Value I I

CCSDS Label *CCSD1Z000001°, the CCSDS primary SFDU label.

Length Field Eight bytes, ASCII, with leading zeroes mandatory; the length of the

remainder of the Volume Header File,
Keyword and Value SFDU See Section 5.1.3.

Agpregation Start Marker

Start Label *CCSD1R0000037, the SFDU Aggregation Marker label, indicating the
start of a data aggregation of unspecified length. This aggregation consists
of the remainder of the product, and is matched by an ending marker in the
Volume Trailer File.

Length Field Eight bytes, ASCII, with leading zeroes mandatory; the length of the
remainder of the aggregation marker SFDU.

Start Value

DELIMITER= The character string “SMARKER®, indicating that this is the start of a data
aggregation.
PRODUCT NAME= The character string “SCVDR".

-15 -
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5.3. Orbit Header File

Each Orbit Header File (OHF) identifies the orbit number, time frame, and orbital geometry for one Magellan
orbit. The file format is illustrated in Figure 54. Compared with the generic data file structure (Section 5.1.2)
the OHF contains only the CCSD header, the keyword and value SFDU, and the header record SFDU. The
OHF header record block is depicted in Table 5-2 and has a fixed length of 280 bytes,

I Figure 5-4. Stanford Orbit Header File (CHF) - Block Format |
=it | + ; -+
{r | | ¢ccsp1z000001 I CCSDS Label | ccsns |
. ] ! _— + Header |
' | | 00000xxx I Length Field | i
APPSR £ —t- e — -+
I v | 7 | NIPLIKOOKLOO | K-label | I
et -t -+
I | . | 00000xxx | Length Field | I
g —_— + +
| I v | PRODUCT_FILE_NAME=OHFnnnnn,v I f |
| | | PRODUCT TYPE=ORBIT_HEADER FILE i |KReyword |
I I | MISSION ID=4 | | and |}
| | | MISSION NAME=MAGELLAN I | value |
| | | SPACECRAFT ID=18 | Keywords | sSFDU |
| | | SPACECRAFT NAME=MAGELLAN | and I I
| | | ORBIT NUMBER=nnnnn I values I I
| | | UPLORD_ID=ccecce ! [ |
| | | HARDWARE_VERSTON_ID=nnn I | |
| | | MAJOR_SOFTWARE_VERSION ID=nnn I I I
! I | MINOR_SOFTWARE VERSION ID=nnn I I I
' I | PROCESS_TIME=Y¥YY-MM-DDThh:mm:ss.fff | | |
I | DATA_FORMAT TYPE=cccc I | [
— - + y -+
| T | NJPL1I000004 | I-Label | orbit |
+ } t } Header |
| . | 00000260 | Length Field | Record |
S m— + + (Table |
| v | pata Fields for Orbit Header Record | | s5-2y |
ot ; + ' -+
CCSDS Label "CCSD1Z000001°, the CCSDS primary SFDU label.
Length Field Eight bytes, ASCII, with leading zeroes mandatory; the length of the
remainder of the Orbit Header File.
Keyword and Value SFDU See Section 5,1.3,
Orbit Header Record See Table 5-2 and the definitions following it.
I Table 5-2. Stanford Orbit Header Record SFDU (hr_rec) I
loff| 1en | Type | Name | Description (see footnote 2) |
| +0l 20 | sfau | hr_sfdu | SFDU label and length f
— : : + _— -+
| 20l 4 | ulong | hr orb | orbit number |
S T— ! : : - -+
| 241 4 | uwlong | hr_ninv | Number of Altimetry Inversion Records |
+~——+ t + 1 ———t
| 281 - 4 [ ulong | hr_nfit | Number of Inversion Fit Records l
R — : : + -— _— -—t

2 Data element definitions use the conventions of the C programming language. Refer to appendix A for a bit-
level description of field types.
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j . Ta?le 5-2 (?ontd). Stanforg Orbit Header Record SFDU (hr_rec) i
i 32? 4 ? ulong ! hr_nismg_-_ ! Number of SIN Image Data_Records -__-T
i 36! 4 J ulong il hr_niomg___ i Number of OBL Image D;E; Records _T
i 40! 4 | ulong | hr:;;ms | Number of Emissivity Data Records -T
i 44! 4 l uchar :| hr padl[4] ;l spares T _T
i 48! 8 i double J‘l hr:z;w_start ] First Inversion Fpt TL;—(SET,TDB _T
i 561 8 l double :| hr:lr-lv_end ! Last Inversion Fpt Tit:l;--(-SCET,TDB) _T
i 64! 8 I double I hr_fit_start I First Fit Fpt Time (SCET,TDB) ““I
9 72! 8 T double I hr_fit_end l Last Fit Fpt Time (SCET,TDB) |
i 80]. 8 I double | hr simg start T| First SIN Image I::;_)t Time (SCET, TDB) ““T
i 88! B Ji_ double ! hr_simg_end ! Last SIN Image Fpt Time (SCET, i
T 96i 8 ! double i hr oimg start ? First OBL Image Fpt Time (SCE'I': |
ilOfii 8 | double | hr oimg end J Last OI;E._Image Fpt Time (SCET, ) i
jllZi 8 I! double J'| hr_ems_start :| First Emissivity Fpt Time (SCET, __T
1120! 8 1 double | hr_ems_end | Last Emissivity Fpt ;J—_r_ne (SCET, “T
TEZS! 15 '| sclk i hr_avg_sclk i Predict Periapsis Time (SCLK fmt [13]} i
T£;3! 23 .I char ! hr avg_sma ! Average Semi-Major Axis (km) T
TIEGi 23 i char ! hr avg ecc ! Average Eccentricity _T
nggi 23 i char .l hr_avg_incl | Average Inclination (deq) _T
TEI;E-——23 J char |L hr_avg_lon ! Avg Longitude of-;scending Node (deq) _T
!2351 23 i char 1 hr:;:rg_arg l Average Argument of Periapsis (deg) _T
1258i 6 j uchar :| hr_pad2[6] 1spares --_-T
i264! 16 J uchar :| hr_spare([16] ! spares ) T
IET ' ' i T
ot - -+
Elementi Name Type Length Description
hr_sfdu sfdu 20 SFDU Label and Length: "'NJPL1I00000400000260"

The

designator *0004" is registered with the NJPL SFDU authority as the

"Orbit Header Record".
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hr_orb

hr_nsimg

hr_noimg

hr_nems

hr_pad1[4]

hr_inv_start

hr_inv_end

hr_fit start

hr_fit end

hr_simg_start

ulong

ulong

ulong

ulong

ulong

uchar

double

double

double

double

double
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The Magellan Orbit Number corresponding o the following five files
{altimetry inversion, inversion fit, sinugoidal image, oblique
sinusoidal image, and emissivity). An orbit begins at apoapsis, and
the number corresponds to the input data from the corresponding
ALT-EDR and/or C-BIDR tape(s).

Number of Altimetry Inversion Records—the number of nr rec
SFDU’s in this orbit’s Altimetry Inversion File.

Number of Inversion Fit Records—the number of fr rec SFDU’s in
this orbit’s Inversion Fit File. fr_nrec and nr nrec should be the
same.

Number of Sinusoidal Equal Area Image Data Records—the number
of ir_rec SFDU’s in this orbit’s Sinusoidal Image Data File.

Number of Oblique Sinusoidal Equal Area Image Data Records—the
number of ir_rec SFDU’s in this orbit’s Oblique Image Data File.

Number of Emissivity Data Records—the number of er_rec SFDU’s
in this orbit’s Emissivity Data File,

spares

First Inversion Footprint Time (SCET)—the S/C ephemeris time
(seconds of TDB since J2000. see Section 1.5.4.2) that represents the
first altimeter inversion footprint of this orbit. It is equal to the
nr_scet value in the first nr_rec record of this orbit’s Altimetry Inver-
sion File.

Last Inversion Footprint Time (SCET)—the S/C ephemeris time
(seconds of TDB since J2000. see Section 1.5.4.2) that represents the
last altimeter inversion footprint of this orbit. It is equal to the
nr_scet value in the last nr_rec record of this orbit’s Altimetry Inver-
sion File.

First Inversion Fit Footprint Time (SCET)—the S/C ephemeris time
(seconds of TDB since J2000. see Section 1.5.4.2) that represents the
first inversion fit footprint of this orbit. It is equal to the nr_scet
value in the first nr rec record of this orbit’s Altimetry Inversion
File.

Last Inversion Fit Footprint Time (SCET)—the S$/C ephemeris time
(seconds of TDB since J2000. see Section 1.5.4.2) that represents the
last inversion fit footprint of this orbit. It is equal to the nr_scet
value in the last nr_rec record of this orbit’s Altimetry Inversion
File.

First SIN Image Footprint Time (SCET)—the S/C ephemeris time
(seconds of TDB since J2000. see Section 1.5.4.2) that represents the
first sinusoidal image footprint of this orbit. It is equal to the ir_scet
value in the first ir_rec record of this orbit’s sinusoidal image data
file.
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hr_simg_end

hr_oimg_start

hr_oimg_end

hr_ems_start

hr_ems_end

hr_avg_sclk

hr_avg sma
hr_avg_ecc

hr_avg_incl

hr_avg lon

hr_avg arg

hr_pad2([6]
hr_spare[16]

double

double

double

double

double

sclk

char

char

char

char

uchar
uchar

15

23

23

23

23

23

6
16
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Last SIN Image Footprint Time (SCET)—the S/C ephemeris time
(seconds of TDB since J2000. see Section 1.5.4.2) that represents the
last sinusoidal image footprint of this orbit. It is equal to the ir_scet
value in the last ir rec record of this orbit’s sinusoidal image data
file.

First OBL Image Footprint Time (SCET)—the S/C ephemeris time
(seconds of TDB since J2000. see Section 1.5.4.2) that represents the
first oblique image footprint of this orbit. It is equal to the ir_scet
value in the first ir_rec record of this orbit’s oblique image data file.

Last OBL Image Footprint Time (SCET)—the S/C ephemeris time
(seconds of TDB since J2000. see Section 1.5.4.2) that represents the
last oblique image footprint of this orbit. It is equal to the ir_scet
value in the last ir_rec record of this orbit’s oblique image data file.

First Emissivity Footprint Time (SCET)—the S/C ephemeris time
(seconds of TDB since J2000. see Section 1.5.4.2) of the first emis-
sivity measurement of this orbit. It is equal to the er_scet value in
the first er_rec record of this orbit’s emissivity data file.

Last Emissivity Footprint Time (SCET)—the S/C ephemeris time
(seconds of TDB since J2000, see Section 1.54.2) of the last emis-
sivity measurement of this orbit. It is equal to the er_scet value in
the last er_rec record of this orbit’s emissivity data file.

Predicted Periapsis Time (SCLK)—the periapsis time of the predict-
ed orbit in spacecraft clock units {(see [13] for details on SCLK for-
mat).

Semi-Major Axis (kin)—the semi-major axis of the predicted orbit’.
Eccentricity—the eccentricity of the predicted orbit’.

Inclination (degrees)—the inclination of the predicted orbit® with
respect 1o the xy-plane of the J2000 coordinate system.

Longitude of Ascending Node (degrees)—the angle in the xy-plane
of the J2000 coordinate system to the ascending node of the predict-
ed orbit®.

Argument of Periapsis (degrees)—the angle in the plane of the
predicted orbit® from the ascending node in the xy-plane of the J2000
coordinate system to the periapsis.

spares
spares

3 The ““predicted’” orbit is based on the elements used to generate the uplink commands for the current mapping
pass. It represents an average over the entire orbit, and is not the result of post-orbit navigation solutions. The
elements should be used for comparison purposes only, since they may involve large errors. The predicted or-
bit elements are copied from the orbit header file of the ALT-EDR tape, or, if unavailable, from the orbit
header of the C-BIDR.
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5.4. Altimetry Inversion File

+- +
| Figure 5-5. Stanford Altimetry Inversion File (ANF) — Block Format |
| o | | ccsp1z000001 | ccsDs Label | ccsps |
TR S ; + Header |
ol | 00000%xx | Length Field | I
; : : -_— ! - -+
| v | T | NIPL1KOOKLOO | K-Label I i

i : t
Iz | 00000%=x | Length Field | E
+———4 - o +
I | v | PRODUCT_FILE NAME=ANFnnnnn.v I I I
I I | PRODUCT TYPE=INVERSION FILE | | Keyword!
I | | MISSION ID=4 | |  and |
I | | MISSION NAME=MAGELLAN I | vaiue |
I | | SPACECRAFT ID=18 | Keywords | sFDU |
I | | SPACECRAFT NAME=MAGELLAN | and ! |
I | | ORBIT_NUMBER=nnnnn | Values I |
| | | vpLOAD_ID=cccece | | [
| | | NaV_UNIQUE_ID=cccccc | | l
| | | HARDWARE VERSICN_ID=nnn I I [
I | | MAJOR SOFTWARE_VERSION_ID=nnn | | |
I | | MINOR SOFTWARE_VERSION_ID=nnn I | I
I I | PROCESS TIME=YYYY~MM-DDThh:mm:ss.fff | I |
I | | DATA_FORMAT TYPE=ccce I I I
I | T | NJPL1IOOCO005 |  I-Label | arT I
| f + + + Inver |
| b L | 00000xxx | Length Field | Header |
I i i } I SFDU
| | v | pData Fields for Altimetry Inversion | | (Table |
|l | f Header Record I I 5-33 |
I I T | CCSDIROGOQO3 | start Label | I
I +=——it e ———————————— + |
[ I L | 000000xx | Length Field | Aggr |
I+t e + Start |
i | v | DELIMITER=SMARKER | | Marker |
! | | PRODUCT NAME=ALTIMETRY INVERSION | start value | |
I I | TYPE=NJFL1I000025 [ I |
U + b —+
| I 7 | NIPL1IO00006 |  I-Label | avT |
| et ! t Inver |
| I n | 00000xxx | Length Field ! Record |
I S— + + (Table |
| v | Altimetry Inversion Data Records | Data | s-4y |
4t + 4 -+
i T | cCcsD1R0O000O3 | End Label I !
R | + Aggr |
| . | 000000xx | Length Field | End |
+———t —— } - ¢ Marker |
| v | DELIMITER=EMARKER | End Value | I
| | PROPUCT_NAME=ALTIMETRY INVERSION | | |

CCSDS Label *CCsSD1z000001°, the CCSDS primary SFDU label.

Length Field Eight bytes, ASCII, with lcading zeroes mandatory; the length of the

remainder of the Altimetry Inversion File header.

Keyword and Value SFDU See Section 5.1.3.
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Inversion Header Record

Aggregation Start Marker
Start Label

Length Field

Start Value
DELIMITER=

PRODUCT_NAME=
TYPE=

Altimetry Inversion Record

Aggregation End Marker
End Label

Length Field

End Value
DELIMITER=

PRODUCT NAME=

SU-MGN-SCVDR v 1.0

See Table 5-3.

*CCSD1R000003", the SFDU Aggregation Marker label, indicating the
start of a data aggregation of unspecified length. This aggregation consists
of a varying number of Altimetry Inversion Record SFDU’s {(nr _rec), as
shown in Table 5-4.

Eight bytes, ASCII, with leading zeroes mandatory: the length of the
remainder of the aggregation marker SFDU.

The character string *SMARKER', indicating that this is the start of a data
aggregation.

The character string "ALTIMETRY_INVERSION'

The character string "NJPL1I000025°, where "0025” indicates that the
data between the SMARKER and EMARKER labels comprise a registered
SFDU aggregation (the Altimetry Inversion Aggregate), composed of a set
of registered NJPL aggregates.

See Table 5-4,

*CCSD1R0000037, the SFDU Aggregation Marker label, indicating the end
of a data aggregation of unspecified length. This matches the above "Start
Marker".

Eight bytes, ASCII, with lcading zeroes mandatory; the length of the
remainder of the aggregation marker SFDU.

The character string "EMARKER’, indicating that this is the end of a data
aggregation.
The character string "ALTIMETRY_INVERSION’.
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54.1. Aliimetry Inversion Header Record

i Tabi;_5-3. Stanford.Altinetr;_InYersion Header Record SFDU (nh_rec) _T
TSEfi Ien i Type ! Name 1 Description E
i +0[ 20 ! sfdu J nh_sfdu ! SFDU label and length N i
i 20i 4 i long ! nh_orb ! Orbit number ) i
T 24i 4 i long i nh_ver i Orbit version __T
T 2Bi 2 i short i nh_altinv_major i Program ALTINV major version numbe;_I
T_aoi 2 i short ? nh_;zginv_glggr ! Program ALTINV minor version number i
T_32i 2 i short ? nh_alt_major T Program ALT major version number -T
i 34! 2 i short ! nh_alt_minor } Program ALT minor version number _T
i 36i 1 i uchar i nh_cvmf i Covariance matrix flag -I
T_ETi 1] uchar i nh_meth_inv i Inversion method ID |
i 38i 1 ! uchar i nh_meth sig i Variance estimation method ID___ i
i 39! 1 | uchar i nh_meth Gamsig ! Constraint variance method ID__ i
i 40i 1 ! uchar i nh_meth thermal i Thermal noise method ID ) i
i 41i 1 i uchar i nh_spect l Non~-delta spectral filter flag ) i
i 42i 1 } ucha; ! nh_meth frot ] Doppler rotation method ID ) i
i 43i 1 i uchar i nh:;;d i spare o ) i
E 44! 4 ! leng ? nh_nrec i Number of data records i
T 48! 1 i uchar i nh_meth_echo—_ ] Range echo processing ID i
T_49i 1 ? uchar ? nh_meth bmax i Maximmm angle method ID __I
l 50! __5 i short ] nh_hid i Pulse compression ID i
i 52i 2 i short ] nh_compe_major ! Comp major version ID _T
I—EQ! 2 | short ? nh_comp_minor 1 Comp minor version ID i
i 56i 2 ! short ! nh_maxB ! Maximm size of scagz;ring func;ion i
i 58! 2 i shorE i nh_maxN ? Maximum size of covariance matrix i
i 60! 12 ? uchar j nh:;;are[12] i ;;;res ___T
14721 ' ' ' o |
+ : - -—+
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Element Name

nh_orb

nh_ver

nh_altinv_major

nh_aitinv_minor

nh_alt major

nh_alt_minor

nh_cvmf

nh_meth_inv

nh_meth_sig

long

long

short

short

short

short

uchar

uchar

uchar

Length

SU-MGN-SCVDR v L0

Description

Orbit Number-the Magellan orbit number for the data represented in
these data records.

Orbit version number-the version of the altimetry data file used for
these results. Obtained from the VERSION ID keyword of the
corresponding ALT-EDR Orbit Header File (NB: This turns out not
to be a good indicator of the version of the data file; the Orbit
Header File itself is rarely updated).

Program ALTINV Major Version Number-the major software version
number of the Stanford program ALTINV used to obtain the scatter-
ing function solution.

Program ALTINV Minor Version Number-the minor sofiware ver-
sion number of the Stanford program ALTINV used to obtain the
scattering function solution.

Program ALT Major Version Number-the major software version
nomber of the Stanford program ALT used to compute the range-
Doppler array from the raw altimetry data.

Program ALT Minor Version Number-the minor software version
number of the Stanford program ALT used to compute the range-
Doppler array from the raw altimetry data.

Covariance Matrix Flag-if set (1) the upper triangular portion (in
row-major order) of the covariance matrix is saved in nr_cvm; if not
set (0), only the diagonal is saved.

Inversion Method ID-code number for the specific method of over-
determined least squares used to compule the inversions. Possible
values are:

0 Singular Value Decomposition (preferred)
1 QR Decomposition

Variance Estimation Method ID-code number for the method used to
estimate the stafistical uncertainty in the input data, The resulting
variance is used in a weighted least squares fit and propagated to
form an estimate of the inverted uncertainty in the solution. Possible
values are:

0 Use Doppler spectrum and range echo after averaging bursts and
summing across range and Doppler.

1 Use full range-Doppler map before averaging and summing (pre-
ferred).

2 Use the sample variance of the data itself, rather than a priori as-
samptions about the observation error distributions.

3 Do not estimate the variance: weight each observation equally.
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nh_meth_Gamsig  uchar 1 Constraint Variance Method ID-code number for the method used to
assign weight to the smoothing constraint that controls the shape of
the inversion. Determines the scale of smoothing parameter
nr_gamma. Possible values are:

0 Use the mean of the observed data.

1 Use the value 1.

2 Use a value that causes the smoothing matrix and model matrix o
contribute equally to the error criterion when nr_gamma is 1, and in
proportion to nr_gamma otherwise. This depends on the variance of
the observations (preferred).

nh_meth_thermal  uchar 1 Thermal Noise Method ID-code number for the method used to ac-
count for the effects of thermal noise on the observations. Possible
values are:

0 Ignore effects of thermal noise.

1 Before the inversion, subtract an estimate of the thermal noise
from the observations.

2 Solve for the thermal noise in the inversion itself (preferred).

nh_specf uchar 1 Non-Delta Spectral Filter Flag-if set (1), the Doppler spectrum has
been convolved with an FIR filter before the inversion process. The
nominal filter is [0.25 0.50 0.25] but is not saved in the SCVDR. If
not set (0), no filter has been used (preferred).

nh_meth_frot uchar 1 Doppler Rotation Method ID-code number for the method used to
account for unexpected Doppler shifts in the observed echo spectrum.
Possible values are:

0 Ignore any shift.

1 Compute three inversions, with the Doppler spectrum rotated by
-1, 0, and +1 bins of 935 Hz, and choose the rotation that gives the
smallest residual error,

2 Compute the centroid of the Doppler spectrum, compute two inver-
sions with the spectrum rotated an integer number of bins just less
than and just greater than the centroid, and choose the rotation that
gives the smaller residual error (preferred).

nh_pad uchar 1 spare

nh_nrec long 4 Number of Data Records-the number of altimetry inversion records
that follow this header. See Table 5-4.

nh_meth_echo uchar 1 Range Echo Processing ID-code number for the method used to pro-
cess the range echo before the inversion, Possible values are:

0 Do not change range echo (preferred).
1 Filter the range echo with an FIR filter, nominally [0.25 0.5 0.25].

nh_meth_bmax uchar 1 Maximum Angle Method ID-code number for the method used to
determine the maximum solution angle in the inversion, Possible
values are:
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nh_hid

nh_comp_major

nh_comp_minor

nh_maxB

nh_maxN

nh_spare[12]

short

short

short

short

short

uchar

12
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0 Use an empirically derived table indexed by true anomaly (pre-
ferred).

1 Choose the largest angle that avoids the effects of range aliasing
for the given geometry.

Pulse Compression ID-code number for the correlation kernel used in
the radar pulse compression stage, before the range-Doppler array is
computed. Possible values are:

0 Use the "optimal” code ([11], pages 109-110) {preferred).
1 Use the transmitted range code ([11], page 108).

COMP major version ID-major version number of the Stanford cali-
bration software COMP {9] used to compensate the input data for
amplitude and timing effects.

COMP minor version ID-minor version number of the Stanford cali-
bration software COMP [9] used to compensate the input data for
amplitude and timing effects.

Maximum size of scattering function-the largest number of elements
that will appear in any scattering function (nr_sig0) in this orbit,
equal to the largest value of nr_blen. The maximum size in bytes is
thus 4*nh_maxB.

Maximum size of covariance matrix-the largest number of elements
that will appear in any covariance matrix (nr_cvm) in this orbit,
equal to the largest value of nr_ncvm. The maximum size in bytes
is thus 4*nh_maxN.

spares
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54.2. Altimetry Inversion Data Record
The Altimetry Inversion Data Record SFDU is specified in Table 5-4.

I ?able ?-4 Stanford Altimetry ;nversion Data Record SFDU (nr_r;;) hI

Off i Len i Type i Name i Description i
v +0 i 20 i sfdu i nr_sfdu i SFDU label and length i
% 20 ? 4 i uleng i nr_nfoot i Footprint number %
| 24 i 4 i ulong ? nr_burst i Burst number for associated ALT burst i
| 28 | 4 i ulong ! nr_flags l Flag fields (see Table 5—5;; __T
| 32 j g ! doagi; i nr_scet E Footprint time (SCET, TDB) - _T
P40 T 8 i double —T_nr_gdopp ! Gross (radial) Doppler shift (H;; _I
T__;E i 3*8 i double i nr_scpos[3] i Spacecraft position (km, J2000) i
T 72 ? 3*8 i double ! nr_scvell[3] i Spacecraft velocity (km/sec, J2000) i
i 96 i 3*8 i double i nr_ sspos[3] i Position of sub—spacecrafg-;oint i
! | I I - 1 (km, J2000) . __l
? 120 ! 3*8 i double i nr_alta(3] i ALT antenna boresight wvector (J2000) T
i 144 ? 3*8 i double | nr_sara[3] J SAR antenna boresight vector (35000) _T
i 168 T 8 E double _I_nr_rga_ i Round-trip time for bin 0 (secs)_ _T
i 176_T_ 8 i double i nr_rpk i Position of range peak within echo _T
T-184 i 4 E float ? nr_lat E Latitude of nadir (degrees N, VBFS35) i
1_188 i 4 i float i nr_lon i Lo;;;tude of nadir (degrees E, VBF85) i
i 192 i 4 i float ! nr_xfoot i Along-track footprint dimensicn (km) i
i 196 i 4 i float ] nr_yfoot | Cross-track footprint dimension (km) i
TdEOO 1 q ! fleat ! nr_pvrad J Pioneer—-Venus radius at nadir (km) i
T_£04 ? 4 ! ulong 1 nr_blo ! First ALT burst used i
T_EOB i 4 i ulong ] nr_bhi i Last ALT burst us;;— i
T_Elz ? 2 i ushort i nr_bav ! Nurber of bursts averaged ____I
T_514 i 2 i ushort ! nr_Gnum E G-matrix ID i
T-ElG i 2 ! ushort ! nr_blen | Nurber of incidence angles in soln. i
T_EIB j 2 ! ushort i nr_ncwvm J Nurber of elements saved in nr_cvm !
T_EZO i 4 i float i nr_ganma i smoothing factor T i
T_524 i 4 i float i nr_chisqg i Chi-square residual from ;;lution T
Fomm——t : t + :

-26 -



SU-MGN-SCVDR v L0

| Table 5-4 {(contd). Stanford Altimetry Inversion Data Record SFDU {nr_rec) |
| 2281 41 float | nr_rmss | RMS surface slope from data (radians) |
| 232 | 36| thnt | nr_thn | Thermal noise estimates |
| 268 | 4 | float | nr_deent | Doppler centroid (Hz) I
+ } + } { —_—t
{ 272 | 4 | float | nr_deentw | Estimated variance of nr_dcent (Hz**2) |
} : f————————— ¢ -—+
1276 | 4| float | nr_frot | Doppler rotation in solution (Hz) |
| 280 | 52 | calib t | nr_calib | calibration details I
i + 1 i b————— -+
| 332 | 54 lsab_hdr_t!| nr_saB | SAB header |
| 386 | 2 | wuchar | nr_pad[2] | spares |
+- + : t : +
| 388 | 16 | uchar | nr_spare[16] | spares i
| 404 1 p | float | nr_sig0([n] | Scattering function solution, |
l | | | | n=nr blen, p=4n |
|404+pl p | float | nr_ang[n] | Aangle vector corresponding to I
| | | | | nr_sig0, a=2p |
+ t t ! ! —
| 404+¢q| 4*m | £loat | nr cvmim] | Covariance matrix for |
I | | | | nr_sig0, menr_ncvm |
} } t ————t } -+
| N | N=404+q+4*m I
1 -t -— ¥
Element Name Type Length Description
nr_sidu sfdu 20 SFDU Header Label and Length: "NJPL1I0000060000nnnn’,
The number “0006” is registered with the NJPL SFDU authority as
the "Altimetry Inversion Data Record."
nr_nfoot ulong 4 Footprint Number—starting from 1, the number of the Altimetry
Inversion Record by increasing Altimetry Footprint Time (nr_scet).
nr_barst ulong 4 Burst Number—the logical record number from the ALT-EDR burst
SFDU most closely associated with this footprint. If the number of
bursts averaged (nr_bav) is odd, the middle burst; if nr_bav is even,
the earlier of the two middle bursts.
nr_flags ulong 4 Flag fields—see Table 5-5a.
nr_scet double 8 Footprint Time (SCET)—the burst start time (seconds of TDB since
J2000; see Section 1.5.4.2) for the burst given by nr_burst.
nr_gdopp double 8 Gross Doppler Shift (Hz)—the Doppler shift resulting from motion

of the spacecraft toward nadir at nr_scet (nr_gdopp>0 means the
spacecraft altitude is decrcasing).
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nr_scpos[3]

nr_scvel[3]

nr_sspos[3]

nr_alta[3]

nr_sara[3]

nr_lat

nr_lon

nr_xfoot

nr_yfoot

nr_pvrad

double

double

double

double

double

double

double

float

float

float

float

float

3*8

3+8

3+8

3+8

3*8
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Spacecraft Position Vector (km, J2000)—the spacecraft position at
nr_scet, relative to the Venus center of mass, expressed in inertial
coordinates.

Spacecraft Velocity Vector (km sec_l, J2000)—the spacecraft veloci-
ty at nr_scet, relative to the Venus center of mass, expressed in iner-
tial coordinates.

Sub-Spacecraft Position Vector (km, J2000)—the position of the na-
dir point (on a reference sphere of 6051 km radius) at nr_scet, rela-
tive to the Venus center of mass, expressed in inertial coordinates.

Altimetry Antenna Boresight Vector (J2000)—unit vector along the
axis of the altimetry antenna at nr_scet, expressed in inertial coordi-
nates.

SAR Antenna Boresight Vector (J2000)—unit vector along the axis
of the high-gain (SAR) antenna at nr_scet, expressed in inertial coor-
dinates.

Round-Trip Time for Bin 0 (seconds)—the round-trip light time
corresponding to the first range bin (before peak detection and rota-
tion) in the averaged altimetry echo at nr_scet.

Incremental Round-Trip Time (seconds)—the position of the echo
peak with respect to the range bin used in nr_rt0 (each range bin
represenits an additional (.442 microseconds of round-wip delay
beyond nr_1t0.)

Latitude of Nadir (degrees N, VBF85)—the body-fixed latitude of the
nadir at nr_scet, in the range of —90 (South Pole) to +90 (North
Pole); the nominal latitude of the footprint.

Longitude of Nadir (degrees E, VBF85)—the body-fixed longimde of
the nadir at nr_scet, in the range of 0-360. Periapsis nadir increases
in longitude by about 1.48 per day (about 0.2 per orbit); the nominal
footprint longitude.

Along-Track Altimetry Footprint Dimension (km)—the along-track
dimension of the intersection of the 3-dB (two-way) altimetry anten-
na pattern with the surface when the antenna boresight is aimed at
nadir (a very approximate measure of the along-track footprint di-
mension),

Cross-Track Altimetry Footprint Dimension (kimn)}—the cross-track di-
mension of the intersection of the 3-dB (two-way) altimetry antenna
pattern with the surface when the antenna boresight is aimed at nadir
(a very approximatc measure of the across-track footprint dimen-
sion),

Pioneer-Venus Radius at Nadir (km)—radins of Venus at the nadir

point as determined from Pioneer Venus data (provided by MIT in
GIPS image format).
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nr_blou long
nr_bhin long
nr_bavu short
nr_Gnum ushort
nr_blen ushort
nr_ncvm ushort
Nr_gamima float
nr_chisq float
nr_rmss fioat
nr_thn thn_t
nr_dcent float
nr_dcentv float
nr_blen
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First ALT Burst Used—the number of the first burst included in the
average altimetry echo for this record.

Last ALT Burst Used—the number of the last burst included in the
average altimetry echo for this record.

Number of Bursts Averaged—the total number of altimeter bursts
averaged to make this record.

G-matrix ID number—identifies the range-Doppler-angle array used
to invert the range-Doppler data in this averaged echo (see Section
5.8). G-matrices are indexed from 0.

Number of Incidence Angles in Solution—Number of angle incre-
ments in the solution for the scattering function from this average
echo.

Number of Elements Saved in nr_cvm—the number of covariance
values stored in nr_cvm (depends on nh_cvmf; see also nr_cvm).

nh_cvmf nr_ncvm
0 nr_blen+1
1 (nr_blen +1)*(nr_blen+2)/2

Smoothing Factor—the value of the parameter used to minimize
second differences in the scattering function solution for this average
echo (see also nr_meth_Gamsig in Section 5.4.1).

Chi-Square Residual from Solution—the residual from the weighted
least-square error inversion for the scattering function

RMS Surface Tilt from Data (radians)—RMS surface tilt 6, calculat-
ed from the nr_blen points in the solution®.

Thermal Noise Estimates (watts per range-Doppler bin)—estimates of
thermal noise (and its variance) calculated during the solution for the
scattering function (see Table 5-5b).

Doppler Centroid (Hz)—the calculated center of the spectrum of the
radar receiver signal.

Estimated variance of nr_dcent (sz).

172

‘<an?9>l=| Y tan®0, *p (8, )* sind, * A8,

1=1

where p (0)=

2K 6(6)
secO

nr blen

and K is found from Y, p(0; )*sind; *A8; =1

i=1
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nr_calib

nr_SAB
nr_pad[2]
nr_spare[16]

nr_sigOfn]

nt_ang[n]

nr_cvm([m]

float

calib t

sab_t
nchar
uchar

float

float

float

52

4*m

D{[m‘ thn[0]-nr_thn[0]

nr_sigl-nr_sig0
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Doppler Rotation Used for Solution (Hz)—the offset of the echo
from its nominal center bin position assumed to be due to surface
effects (an integral multiple of 935 Hz, the width of a single frequen-
cy bin)(see also nh_meth_frot in Section 5.4.1).

Calibration Details—the contributing factors to nr_CALT (see Table
5-5¢).

SAB Header—SAR/Altimetry Burst Header (see Table 5-5d).
spares
spares

Scattering Function—the so function obtained by inverting the aver-
age a.t.me:r) radar eche from bursts nr blo through nr bhi. The
function is a vector of n=nr_blen numbers for the (effective) in-
cidence angles given by nr_ang.

Solution Angles for Scattering Function (radians)—the n=nr_blen an-
gles at which the scattering function solution has been obtained. The
default angles are spaced by 0.5 degrees, starting at 0.25—that is, the
solution angles are 0.25, 0.75, 1.25, 1.75, ... nr_blen*0.5-0.25 de-
grees; note, however, that nr_ang is given in radians.

Covariance Matrix—matrix of estimated covariances of nr sigO and
nr_thn[0]. The size (m=nr_ncvm) and form of the matrix’ that is
stored depends on the value of nh _cvmf in the Inversion Header
Record (sec Table 5-3). If nh cvmf is zero, only the m=nr_blen+1
diagonal entrics of the matrix above are stored. If nh_cvmf is
nonzero, the upper triangular portion (including the diagonal) are
stored in TOW-IGAjor order, for a total of
m=(nr_blen+1)*(nr_blen+2)/2 entries.

J|:(m' thn[0]-nr_thn[0])(nr_sigO-nr S]gO)T]}

where E and ~ denote statistical expectation, and nr_sig0 is considered a column vector.
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in_solv float 4 Estimated Variance of nr_thnsol (wattsz-per-range-Doppler-bin)-—
Estimate of variance in nr_thnsol from propagation of errors through
solution procedure.

tn_min float 4 Smallest Range-Doppler Array Value (watts-per-range-Doppler-
bin)}—Smallest value in averaged 16 by 151 (frequency by range,
respectively) array of processor output power. Likely to be an un-
derestimate, since statistical variations will force the "minimum"
below the average.

tn_avg float 4 Average of Small Range-Doppler Values (watts-per-range-Doppler-
bin)—the average of range echo bin valpes from 10-20 range bins
before the echo peak (divided by 16).

tn_1 float 4 Minimom from Range Echo (watts-per-range-Doppler-bin}—the
minimum value in the range echo, divided by 16.

54.2.3. Altimetry Inversion Calibration Details

Table 5-5c. Stanford Altimetry Inversion Calibration Details (calib_t)

i i
i Offi Len i Type ? Name ] Description i
i +0 ! 1 i uchar i cl_TXA ] Transmitter A flag i
i 1 l 1 i uchar ! cl_RXA i Receiver A flag !
i i 2 j uchar i cl_padl[2] i spa;;s i
T 4 j 4 i float i cl_Cpt0 i End-to-end system correction (dB) ___T
T_ 8 i 4 l float i cl:;;trap j Cross-strapping correction (dB) __T
T_lz i 4 i float ? cl_dCTX i Transmitter power ;;;rection (dB) __T
T_ls i 4 i float ! cl TTl j Transmitter Stage 1 temperature (K) _T
i 20 j 4 i flo;;_ ! cl_TOA l ONU Altimeter temperature (K)___ _T
i 24 1 4 i float ] cl_atmos i Atmospheric attenuation (dB) i
i 28 ! 4 1 float ! cl_ant i Antenna pattern correction (dB) i
I 32 i 4 i float ! cl_TRX ! Receiver temperature (K) i
i 36 i 4 ? float ] ¢l _dcT i Receiver temperature attenuation_(dB) ?
T_Zo i 1 i uchar i cl_rac E Comm;;;able attenuation code o T
I_;l i 3 i uchar i cl_pad2i3] i spares i
i 44 i 4 ! flecat i cl dCa i Receiver commandable attenuation (dB) i
i 48 i 4 ? float ! ;l_CALT ! Total amplitude correction (dB) i
52 1 | | L
+ : e - -—t

=32 -



SU-MGN-SCVDR v L0

cl_CALT =cl Cpt0 + cl_xstrap + cl dCTX +
cl_atmos + cl_ant + cl_dCT +cl dCA

}g&ﬁ%om are then calibrated by multiplication (in power} by

54.2.4, Altimetry Inversion SAB Header

The SAB Header is carried forward from the ALT-EDR tape. Its format is summarized in Table 5-5d; more
detailed information is available in [12],

Table 5-5d. Stanford Altimetry Inversion SAB Header (sab hdr t)

Length (bits) Description

| i
| | |
i 32 | JPL sync code 0x03915ED3 !
i 192 | BaQ threshold data (24 8-bit words) i
i 20 ! Spares (filled with zeroces) __jl-_
i 12 ! Emissivity data l
i 12 | Spares (filled with zeroes) I
I ————— 52_ l Spacecraft time o !
! 16 Ll Spares (filled with zeroes) o |
| 80 1 Status field o |
i le I| Buff;;:_memory, checkout flag !
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5.5. Inversion Fit File
The Inversion Fit File has the general structure shown in Figure 5-6.

Figure 5-6. Stanford Inversion Fit File (NFF} - Block Format

|
| | ©Csp1z000001 I ccsns lLabel | ccsps |
; } + -—+ Header |
L} | 00000xxx I Length Fieid | I
e i + - f
I v | 7 | NIPL1KOOKLOO I  K-Label | {
+———4 —_— +
I | & | 00000xxx | Length Field ! I
I | v | PRODUCT FILE NAME=NFFnnnnn,v i | |
I [ | PRODUCT TYPE=INV FIT FILE [ | [
| | | MISSION ID=4 | | Keyword |
| | | MISSION NAME=MAGELLAN ! I and |
| [ | SPACECRAFT ID=18 |  Keywords | value |
| | | SPACECRAFT NAME=MAGELLAN I and [ sroU |
| | | ORBIT_NUMBER=nnnnn I Values I I
| | | UPLOAD IC=ccecce | | |
I I | NAV_UNIQUE_ID=cccccc I ] I
I I | HARDWARE_VERSION_ID=nnn I | I
| | | MAJOR_SOFTWARE_VERSION_ID=nnn | I |
| | | MINOR SOFTWARE VERSION ID=nnn I | |
| | | PROCESS_TIME=YYYY-MM-DDThh:mm:ss.fff | | |
I | | DATA FORMAT TYPE=cccc I I I
I | T | NJPL1IO0G007 |  I-Label | Inversiont
I — i - —-——+ Fit Hdr |
I | . | 00000xxx | Length Field | srpU |
| } ¢ } ~~+ (Table |
| | v | pata Fields for Inversion Fit Header | I 5-6) |
| T | cCSDP1R000003 | start Label | I
AR —_— } -+
[ = | 000000xx | Tength Field | aggr |
I f : ! + Start |
| v | DELIMITER=SMARKER i | Marker |
' | | PRODUCT NAME=INVERSION FIT | start value | I
: [ | TYPE=NJPL1I000026 | | |
[ | T | NJPL1IO00O00S |  I-Label | Inversionl
| } t 4 -—+ Fit Datal
| | = | 00000xxx f Leng'I:h Field | Records |
| } t } -—+ (Table |
I | v | Data Fields for Inversion Fit Data | Data Records | 5-7) |
I ' T | cCSD1R000003 | End Label | f
I } ! -— + + Aggr |
I I | 000000 | Tength Field | end |
I : t + + Marker |
I | v | DELIMITER=EMARKER | End value | |
|| | PRODUCT_NAME=INVERSION_FIT I I I
+ + + } 4 -1
CCSDS Label *CCSD1Z000001°, the CCSDS primary SFDU label.
Length Field Eight bytes, ASCII, with leading zeroes mandatory; the length of the
remainder of the Inversion Fit File header.
Keyword and Value SFDU See Section 5.1.3.
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Inversion Fit Header Record

Aggregation Start Marker
Start Label

Length Field

Start Value
DELIMITER=

PRODUCT_NAME=
TYPE=

Inversion Fit Data Record

Aggregation End Marker
End Label

Length Field

End Value
DELIMITER=

PRODUCT_NAME=

SU-MGN-SCVDR v 1.0

See Table 5-6.

*CCSD1R000003°, the SFDU Aggregation Marker label, indicating the
start of a data aggregation of unspecified length. This aggregation consists
of a varying number of Inversion Fit Record SFDU’s (nf_rec), as shown in
Table 5-7.

Eight bytes, ASCII, with leading zeroes mandatory; the length of the
remainder of the aggregation marker SFDU,

The character string "SMARKER', indicating that this is the start of a data
aggregation,

The character string "INVERSION_FIT’

The character string "NJPL1I000026°, where 0026 indicates that the
data between the SMARKER and EMARKER labels comprise a registered

SFDU aggregation (the Inversion Fit Aggregate), composed of a set of
registered NJPL aggregates.

See Table 5-7.

"CCSD1R0000037, the SFDU Aggregation Marker label, indicating the end
of a data aggregation of unspecified length. This matches the above "Start
Marker".

Eight bytes, ASCII, with leading zeroes mandatory; the length of the
remainder of the aggregation marker SFDU.

The character string "EMARKER’, indicating that this is the end of a data
aggregation,
The character string "INVERSION FIT".
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i . ’.Fable_g:f . Stanford Inver?ion Fit Headel_:_l_?ecord (fh_rec) __T
Taff i Len i Type i Name ! Description __T
T_+0 i 20 i sfdu 'I fh_sfdu j SFDU label and length T
i 20 ! 4 ! long :| fh _orb ! Orbit number _I
i 24 !r 4 i long 1! fh_ver iOrbit version l[
T_-Z-S | 2 | short | fh_sslfit_major l Program SSLFIT major version number |
i 30 '| 2 i short ! fh_sslfit_minor J_ Program SSLFIT minor version r_n_:mber 1
i 32 i 2 i short .l fh altinv major ! Program ALTINV major version number |
i 34 ? 2 ! short 1'| fh_altinv_minor i Program ALTINV minor version numk_)er i
i. 36 | 2 | short | fh alt major |L P;;gram ALT major version number I
| 38 | 2 i short i fh_alt_minox i Program ALT minor version number __T
i 40 'l 4 i long | fh_nrec I. Number of inversion f£it ;;c_:ords -T
i 44 :| 2 i short :| fh nlaw I Number cf synthetic scatt;;;ng laws T
T_46 i 1 i uchar ‘! fh_meth_inv ! Inversion method ID o i
i 47 | 1 ! uchar ! fh_r_rl.;;h__sig !r Variance estimation method ID i
i 48 ! 1 1! uchar i fh_meth Gamsig i Constraint variance method ID__ ?
i 49 :| 1 i uchar i fh_meth_tr-l;;;lgi-T-Thermal noise method ID N i
T_go i 1 i uchar i fh meth frot _I_Doppler rotation method ID ) !
T_.:)l .l 1 ! uchar l fh_meth _echo :|_ Range echo processing ID ) i
I-EZ .' 1 ! uchar ! fh _meth bmax | Maximum angle method ID ) T
1| 53 .i 1 i uchar li fh_spect _I_Non-delta spectral filter flag_y_ Ir
T_g4 .l 2 I. uchar l fh_padl[2] i spares ) |
T_EG ! 16 ! uchar ! fh_spare[16] _T_spares o |
EZ2 S ' T
+ : —

Element Name Type Length Description

fh_sfdu sfdu 20 SFDU Label and Length: "NJPL1I10000070000nnrn’. The

number “0007" is registered with the NJPL SFDU authority as the
"Stanford Inversion Fit Header Record".
fh_orb long 4 Orbit Number-orbit number for the data to be fit.
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fh_ssifit_major

fh_sslfit_minor

fh_altinv_major

fh_altinv_minor

fh_alt major

fh_alt_minor

fh_meth_inv

fh_meth_sig

fh_meth_Gamsig

fh_meth_thermal

long

short

short

short

short

short

short

long

short

uchar

uchar

uchar

uchar
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Orbit Version Number-version number for the altimetry data file used
in this processing. Obtained from the VERSION_ID keyword of the
corresponding ALT-EDR Orbit Header File (NB: This turns out not
to be a good indicator of the version of the data file; the Orbit
Header File itself is rarely updated).

Program SSLFIT Major Version Number-the number of the major
software version of Stanford program SSLFIT used to fit these data.

Program SSLFIT Minor Version Number-the number of the minor
software version of Stanford program SSLFIT used to fit these data.

Program ALTINV Major Version Number-the number of the major
software version of Stanford program ALTINV that produced the
scattering function solutions.

Program ALTINV Minor Version Number-the number of the minor
software version of Stanford program ALTINV that produced the
scattering function solutions.

Program ALT Major Version Number-the number of the major
software version of Stanford program ALT used to carry out the
range-Doppler processing on these data.

Program ALT Minor Version Number-the number of the minor
software version of Stanford program ALT used to carry out the
range-Doppler processing on these data.

Number of Inversion Fit Records in File-the number of inversions
(solutions for the surface scattering law) and, hence, the number of
fitted result records in this file; equal to nh_nrec.

Number of Synthetic Scattering Laws-the number of synthetic
scattering laws compared against the scattering solution; "synthetic”
scattering laws can include Hagfors, exponential, Gaussian, Rayleigh,
and Muhleman (see Table 5-9).

Inversion Method ID-Identifier for inversion method (carried forward
from corresponding Altimetry Inversion Header Record; sce Table
5-3).

Variance Estimation Method ID-Identifier for variance estimation
technique (carried forward from corresponding Altimetry Inversion
Header Record; see Table 5-3).

Constraint Variance Method ID-Identifier for variance constraint
technique (carried forward from corresponding Altimetry Inversion
Header Record; see Table 5-3).

Thermal Noise Method ID-Identifier for thermal noise estimation

technique (carried forward from corresponding Altimetry Inversion
Header Record; see Table 5-3).
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th_meth_frot uchar

fh_math_echo uchar

fh_meth_bmax uchar
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1 Doppler Rotation Method ID-Identifier for Doppler rotation technigue
(carried forward from corresponding Altimetry Inversion Header
Record; see Table 5-3).

1 Range Echo Processing ID-Identifier for range echo processing tech-
nique (carried forward from corresponding Altimetry Inversion
Header Record; see Table 5-3).

1 Maximum Angle Method ID-Identifier for technique to set maximum
incidence angle in solution (carried forward from corresponding Al-
timetry Inversion Header Record; see Table 5-3).

N=32+36*fr nlaw

fh_specf uchar 1 Non-Delta Spectral Filter Flag-set if Doppler spectrum was filtered
before the inversion (carried forward from corresponding Altimetry
Inversion Header Record; see Table 5-3).

th_pad(2] uchar 2 spares

fh_spare[16] uchar 16 spares
I Table 5-7. SEanford Invers:'[.on Fit Data Record SFDU (fr_rec) I
ioff I Len I Type i Name I Descripticn __T
j +0 1 20 i sfdu 'I fr_sfdu l SFDU label and length -_I
I 20 | 4 TI ul(;z:g_; | fr nfoot | Footprint number I
I 24 | 4 | ulong | fr nlaw I Nunber of synthetic scattering laws“T
I 28_1_ 4 I ucl':;;: I fr_spare[4] I Spares __T
I Répeatir}g se;; cr>f fit results: (below) for f;:r-11aw scattering laws __I
I — i 4 I uchar | fr_slaw | Scatte;lr:g law ID o I
i --E 4 I ulong | fr_flags ! Flag fields {(see Table 5-8) _T
i - | 4 | float | fr pl | Fit parameter #1 (see Table 5:;)_ _T
| -1 a | float I fr plv ! Fit parameter #1 variance T
i - I 4 | float | fr p2 JTI Fit parameter #2 (see T;ble 5-9) |
i - i. 4 I float I! fr p2v :| Fit parameter #2 \_r;:_:ianc:a i
i —— | 4 I float ! fr_rl;l;; I RMS slope for pl, p2 (see Table 5-9) I
I - | 4 I float I fr_rmsv 1! RMS slcope variance I
]. - I 4 I float I fr_resid I Residual error in fit I
I I I
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Elemsnt Name Type
fr_sfdu sfdu
fr_nfoot ulong
fr_nlaw ulong
fr_spare[4] uchar
fr_slaw char
fr_flags ulong
fr pl float
fr_plv float
fr p2 float
fr_p2v float
fr_ rmss float
fr_rmsv float
fr_resid float
End of repeated block

Length

20

E S N

SU-MGN-SCVDR v 1.0

Description

SFDU Label and Length: "NJPL1I0000080000nnnn”. The
number *0008° is registered with the NJPL SFDU autherity as the
"Inversion Fit Data Record”,

The Inversion Fit Record Footprint Number-starting from 1, the
number of the Inversion Fit Data Record; equal to the Footprint
Number nr_nfoot in the corresponding Altimetry Inversion Data
Record.

Number of Synthetic Scattering Laws-the number of synthetic
scattering laws compared against the scattering solution; "synthetic"

scattering laws can include Hagfors, exponential, Gaussian, Rayleigh,
and Muhleman. Same as fh_nlaw except for type and length.

spares

The following block of entries will be repeated fr nlaw times
Scattering Law ID-a 4-letter identifier for one of several analytic
scattering functions which can be fitted to fr_sig0. Possible values,
and the subsequent interpretation for fr pl and fr p2, are shown in
Table 5-9.

Flag Fields (see Table 5-8).

Scattering law parameter #1 (see Table 5-9),

Variance in fr_pl.

Scattering law parameter #2 (see Table 5-9).

Variance in fr_p2.

RMS Tilt for Fitted Function (radians)(see Table 5-9)

Variance of fr_rmss (radians2)

Residual Error in Fit-Residual between analytic function (Table 5-9)

and scattering function from inversion of data for best choices of
fr_pl and fr_p2.
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FR_FLAGS_PIMIN

fmm e -— |
| Table 5-8. Stanford Inversion Fit Record Flag Values (fr_flags} |
| Name | value | Flag Description (see footnote 7) |
| |
| l

FR FLAGS PIMAX | 1 | pl1 fit failed: pl too large
| 2 | p1 fit failed: pl too small

The rms tilt for the Muhleman function is approximated by a power law fit to data obtained by numerical
integration. This fit is accurate to within 1% of the numerical integration results over the range 0.0008<0<0.7.
It is not accurate outside this region.

ms=c+co0 >, ©;=00046, c,;=1.5450, c3=0.4696

Table 5-9 Stanford Scattering Function Definitions
Param Param RMS
Scattering Analytic Expression #1 #2 Tilt
Law ID oo(0) (rad) (rad)
EXP 0.5 secBexp —tanB 0y A 240,
1anB,
(1.06-v1.73tan’0,+0.0031)tan’6,
'GAU’ sec’® | —tan’® 8y A 8
A 2 €xXp 3
tan“Qq tan“0,
"HAG' -] C oz
%E(cos“em sin?@) 2 P
"MUH’ BcosB(sinb+cicos) > a B see above
3 r 4 i 2
RAY 1.12842 tanBs::c 0 - tan“6 69 A 1.26,
tan*9y tal'lzeu |

7 The one-bit flags are defined by the decimal number that contains that bit. To test the value of, for example,

the ‘‘pl too small”’* flag you should form the logical AND of fr flags and 2. If the result is non-zero, the flag
is “‘set’’.
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5.6, Image Data Files

Each set of SCVDR files contains two Image Data Files, one for C-BIDR data in sinusoidal equal area projec-
tion {SIN Image Data File, or SIF) and one for C-BIDR data in oblique sinusoidal equal area projection (OBL
Image Data File, or OIF). Both have the same format, which is shown in Figure 5-7.

: ———— -—4
| Figure 5-7. Stanford Image Data File (SIF and OIF) - Block Format |
i 1 } } -+
Il T | I CCsSD1z000001 | ¢csD Label | ccsps |
NS gy } + Header |
|l o | | 00000x=x | Length Field | |
P e e e — t } }

v | 7 | ¥IPLIKOGKLOO | K-Label I I

f } ————— -+
| & | 00000xxx | Length Field | |
et : -+ |
| v | PRODUCT FILE_NAME=SIFnnnon.v I I I
| I | PRODUCT TYPE=ccc_IMAGE FILE I I I
I || MIssION_ ID=4 I | Keywordl
| | | MISSION NAME=MAGELLAN | |  and |
| ! | SPACECRAFT ID=18 | Keywords | value |
I ] | SPACECRAFT NAME=MAGELLAN | and I srou |
| | | ORBIT NUMBER=nnnnn | Values ! |
| | | UPLOAD ID=cccccc | | |
| | | NAV_UNIQUE_ID=cecccce | | |
I | | HARDWARE VERSION_ID=nnn | I |
I I | MAJOR SOFTWARE VERSION ID=nnn I f I
I I | MINOR SOFTWARE VERSION ID=nnn | [ |
| I | PROCESS TIME=YYYY-MM-DDThh :rm:ss.f£f | { |
: | | DATA FORMAT TYPE=cccc I ! !
— } } +
I | T | NJPL1T000010 I I-Label | Tmage |
| PR—— —_———— + Header |
I | | 00000xxx | Length Field | sFDU |
[ = } + {Table |
: | v | pata Fields for Image Header Record | b 5-10) !
$———1 —_—— + ;
I | T | CCsSDIR000003 | start Label | I
| == ! + Aggr |
I | | 000000xx | Length Field | start |
| N } + Marker |
I | v | DELIMITER=SMARKER | I |
I | | PRODUCT NAME=ccc IMAGE DATA | start value | !
I | | TYPE=NJPL1I000027 I ! i
| | o | NJPL1I000012 | I-Label | Image |
I " : : + Data |
| I | 00000xxx i Length Field | srDUs |
I ' S ' + (Table |
I | v | pData Fields for Image Data Record | Data Records | 5-11) |
I | T | ccsD1rR0000OD3 |  End Label | |
| : -—+ Aggr |
I | & | 000000xx | Length Field | End |
I == } + Marker |
I | v | DELIMITER=EMARKER | End value |
1 | PRODUCT NAME=ccc_IMAGE_DATA I |
T frm e ——— —t— —_—

CCSDS Label *CCsp1z000001°, the CCSDS primary SFDU label.
Length Field Eight bytes, ASCII, with leading zeroes mandatory; the length of the

remainder of the Image Data File header.
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Keyword and Value SFDU
Image Header Record

Aggregation Start Marker
Start Label

Length Field

Start Value
DELIMITER=

PRODUCT_NAME=

TYPE=

Image Data Record

Aggregation End Marker
End Label

Length Field

End Value
DELIMITER=

PRODUCT NAME=
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See Section 5.1.3.
See Table 5-10.

"CCSD1R000003°, the SFDU Aggregation Marker label, indicating the
start of a dala aggregation of unspecified length, This aggregation consists
of a varying number of Image Data Record SFDU’s (ir_rec), as shown in
Table 5-11.,

Eight bytes, ASCII, with leading zeroes mandatory; the length of the
remainder of the aggregation marker SFDU.

The character string “SMARKER®, indicating that this is the start of a data
aggregation.

The character string "ccc_IMAGE_DATA® where “ccc” stands for "SIN®
(Sinusoidal Image Data Files) or “OBL" (Oblique Image Data Files).

The character string "NJPL1I000027°, where “0027" indicates that the
data between the SMARKER and EMARKER labels comprise a registered
SFDU aggregation (the Image Aggregate), composed of a set of registered
NJPL aggregates.

See Table 5-11.

*CCSD1R000003", the SFDU Aggrepation Marker label, indicating the end
of a data aggregation of unspecified length. This matches the above "Start
Marker”.

Eight bytes, ASCIH, with leading zeroes mandatory; the length of the
remainder of the aggregation marker SFDU.

The character string "EMARKER', indicating that this is the end of a data
aggregation.

The character string “ccc_IMAGE _DATA” where "ccc” stands for “SIN’
(Sinusoidal Image Data Files) or "OBL" (Oblique Image Data Files).
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i Table 5-10. Stanford Image Header Record SFDU (ih_rec) i
loff | Len | Type | Name | Description !
| +0 | 20 | sfon | ih_sfdu | SFDU label and length I
l 201 4 | long | ih_oxb | orbit number f
| 24 1 4 | long | ih_ver | orbit version number I
i 28 | 4 | 1ong | inh nrec | Number of Image Data Records in file |
| 32 1 4 | long | ih_sqglside | Number of image lines per data record |
| 3 | 1 | uchar | ih_bidrf | Source data type I
| 37 | 1 | uchar | ih lsqr | Fitting method flag I
| 38 | 2 | short | ih_rmap major | Program RMAP major software version |
I 40 | 2 | short | ih_rmap minor | Program RMAP minor software version I
| 2 1 2 | short | ih_maxB | Maximum number of incidence angles i
+-———t + : + +
| a4 | 2 | short | ih_maxI | Maximum number of intensity bins |
| 46 | 2 | uchar | ih padi2) | spares |
Fm———t t 4 } -—t
| 48 | 12 | uchar | ih spare[12] | spares |
+ + } t ; — —4
| 60 | I
+———t— -—+
Element Name Type Length Description
ih_sfdu sfdu 20 SFDU Label and Length: "NJPL1I0000100000nnnn”. The
number “0010° is registered with the NJPL SFDU authority as the
"Image Header Record”.
ih_orb long 4 Orbit Number-the Magellan orbit number for the data represented in
these data records.
ih_ver long 4 Orbit Version Number-the version of the image data file used for
these results. Obtained from the VERSION_ID keyword of the
corresponding C-BIDR (or F-BIDR) Orbit Header File (NB: This
turns out not to be a good indicator of the version of the data file;
the Orbit Header File itself is rarely updated).
ih_nrec long 4 Number of Image Data Records in this File-the number of image
records that follow this header.
ih_sglside long 4 Number of Image Lines per Data Record-the number of C-BIDR {or
F-BIDR) image lines compressed to form one output processed
record (nominally 9).
ih_biddf uchar 1 Source Data Type Flag-set to binary 0 if source data arc from an F-

BIDR, set to 1 if from a C-BIDR.



ih lsqr

ih_rmap_major

ih_rmap_minor

ih_maxB

ih_maxI

ih_pad[2]

ih_spare[12]

uchar

short

short

short

short

uchar

uchar

2

12
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Fitting Method Flag-0 for chi-square fitting to determine polynomial
coefficients, 1 for linear least squares fitting.

Program RMAP Major Software Version Number-the major software
version number of the Stanford program RMAP used to obtain the
scattering function from the image data.

Program RMAP Minor Software Version Number-the minor software
version number of the Stanford program RMAP used to obtain the
scattering function from the image data.

Maximum number of incidence angles-the largest value of ir_nth that
will appear in this orbit.

Maximum number of intensity bins-the largest value of ir_nl that
will appear in this orbit.

spares

spares

Original image data are grouped into "blocks” of nominally 9 C-BIDR image lines during Stanford RMAP pro-
cessing [9]. Nine lines of C-BIDR data correspond to an approximately rectangular surface area with narrow
dimension 2.025 km and long dimension equal to the swath width, The nature of SAR processing precludes
identification of a unique burst responsible for any pixel, line, or block; but each burst has a Mid-Range Point,
selected during SAR processing [8]. The burst associated with the Mid-Range Point closest to the center of the
block (ir_burst) is called the "associated burst” and is used to specify the observing geometry for the block.

| Table 5-11. Stanford Image Data Record SFDU (ir rec) |
+ t t I —- +
| off | Ten | Type | Name | Description |
5 + } t } —_— -t
I 40| 20 | sfdu | ir sfdu | SFDU label and length I
F ! : : } -t
|l 201 4| long | ir_nfoot | Footprint nunber |
f } : : } —t
| 24| 4| ulong | ir burst | Burst count for closest associated |
| ! | | | burst
t + + + + -+
| 281 4 | ulong | ir_flags | Flag fields (see Table 5-12) I
| 32 1 8 | double | ir scet | Footprint time (SCET, TDB) |
f : e + ¢ -+
| 40 | 3*4 | float | ir scpos[3] | Spacecraft positicn vector (km, |
I I I I | vBF85) I
| 52 | 3*4 | float | ir_scvell[3] | Spacecraft velocity vector (km, |
I I I I | VBF85) |
} } t - t t -+
| 64 | 3*4 | float | ir_bpv[3] | saR antenna unit boresight wvector i
I I i | | (VBF85) |
f 4 fmme } + -+
| 76 | 3*a | float | ir bip[3] | Boresight intercept point (km |
| ! | I | vBF85) I
i + + e + -_— -—4
| 88 | 4 1 fleat | ir_lat | Footprint latitude (degrees, VBF85) |
: fmm 1 : : it
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I Table 5-11 (contd). Stanford Image Data Record SFDU (ir_rec) I
| 92 | 4 | float | ir_lon | Footprint longitude (degrees E, |
| | I I | vBF85) i
| 96 1 4 | float | ir_azimuth | Azimuth from footprint to spacecraft |
| | | | | (deg) |
+ : : : —tm +
l 1001 2| char | ir poln | Polarization |
+ : : - + +
' 202 | 2 | uchar | ir_padl[2] | spares |
it | : f :
| 106 1 4 | float | ir xfoot | along-track footprint size (km) I
+= } : : + :
| 108 | 4 | float | ir_yfoot | Across-track footprint size {(km) |
i ; : + :
l 112 | 4 | fleat | ir mrp lat | Mid-range point latitude (deg N) [
mm it + + + — :
l 116 | 4 | float | ir_mrp lon | Mid-range point longitude (deg E) |
+— + + + + +
I 120 | 4 | float | ir mrp inc | Mid-range point incidence angle |
| I | | | (deg) I
I 1241 4| long | ir_mrp Cl | Mid-range point Cl coordinate |
N r , I +
l 1281 4 | long | ir_mrp C2 | Mid-range point C2 coordinate |
R : + + ;
132 1 4 | float | ir_bip lat | BIP latitude (deg N) |
N ! + ; +
} 136 | 4 | float | ir_bip lon | BIP longitude (deg E) |
it : + + :
| 140 | 4 | float | ir_bip inc | BIP incidence angle (deg) |
| 144 | 4 | float | ir bip elev | BIP elevation |
| 148 | 4 | float | ir bip range | Apparent range from spacecraft to |
i I I I | BIP (km) |
| 152 | 4 | float !ir mrp bs coef | Normalizing factor for pixel values |
| 156 | 4 | float |ir theta offset| Lowest incidence angle (deg) I
+ } } I t -
| 160 | 4 | fleat | it_theta max | Highest incidence angle (deg) I
+ } } } t -—t
| 164 | 4 | float | ir_thlo | Lowest incidence angle for fit (deq) |
+ + + : : -— -—t
| 168 | 4 | float | it_thhi | Highest incidence angle for fit |
I | I I | (deg) I
: : + + : —t
[ 172 | 1 | uchar | ir_bmin | Lowest valid bin for incidence |
{ | I | | angle fit |
+ : : + I -+
| 173 | 1 | uchar | ir_bmax | Highest wvalid bin for incidence |
| | I | | angle fit |
+ + : % pmm e -+
| 274 | 1 | uchar | ir_nth | Number of angles in ir bins |
: : : ! + — -+
| 175 | 1 | uchar | ir_polysize | Size of polynomial fit |
; : ; I i -+
{176 | 4 | float | ir_chisq | chi-square value from linear fit I
' : : ; + -— —t
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+ - -+
| Table 5-11 (contd). Stanford Image Data Record SFDU (ir rec) |
| 180 | 3*4 | float | ir coefs[3] | Coefficients for polynomial fit |
+- t t + : +
| 192 | 1 | uchar | ir_Imin | Lowest valid bin for intensity data |
+—= : ! i } -— t
193 | 1 | uchar | ir Tmax | Highest valid bin for intensity data |
| 194 | 1 | uchar | ir nI | Number of intensity levels in ir I |
I | i | | count |
4 t f t t -—+
| 195 | 5 | uchar | ir_pad2[5] | spares l
+ i + + : = —
| 200 | 8 | uchar | ir spare[8] | spares l
i 208 | P 1 bin t | ir_bins([n] | Backscatter data for n=ir_nth |
I I | | | angles; p=12*n |
} : : + t - - -—+
1208+p!| 4*m | ulong | ir I countim] | Histogram of pixel values for |
I | | | | m=ir nI levels |
+ : } —t—— —— - - -—+
| N | N=208+pt+4*m I
! + -— - -—+
Element Name Type Length Description
ir_sfdn sfdu 20 SFDU Label and Length: "NJPL1I0000120000nnnn’. The
designator "0012" is registered with the NJPL SFDU authority as the
"Image Data Record".
ir_nfoot long 4 The Image Data Record Footprint Number-starting from 1, the
number of the Image Data Record by increasing Image Footprint
Time (ir_scet).
ir_burst ulong 4 Burst Count for Closest Associated Burst—the burst for which the
Mid-Range Point is closest to the footprint center (sec above).
ir_flags ulong 4 Flag fields—see Table 5-13,
ir_scet double 8 Image Footprint Time (SCET)—the burst start time (seconds of TDB
since J2000; see Section 1.5.4.2) for the associated burst.
ir_scpos[3] float 3*4 Spacecraft Position Vector (km, VBF85)—the spacecraft position for
the associated burst, relative to the Venus center of mass and ex-
pressed in the Venus Body Fixed 1985 coordinate system.
ir_scvel[3] float 3%4 Spacecraft Velocity Vector (km sec_l, VBF85)—the spacecraft velo-
city for the associated burst, relative to the Venus center of mass and
expressed in Venus Body Fixed 1985 coordinates.
ir_bpv[3] float 3%4 High-Gain (SAR) Antenna Boresight Vector (VBF85)—unit vector

along the axis of the SAR antenna for the associated burst, expressed
in Venus Body Fixed 1985 coordinates.
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ir bip[3]

ir_lat

ir_lon

ir_azimuth

ir_poln

ir_padi[2]

ir_xfoot

ir_yfoot

ir_mrp_lat

ir_mrp _lon

ir_mrp_inc

ir_mrp C1

ir_ mrp_C2

ir_bip_lat

ir_bip_lon

float

float

float

float

char

uchar

float

float

float

float

float

long

long

float

float

3%4

b2
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Boresight Intercept Point Vector (kin, VBF85)—the position of the
boresight intercept point on Venus' surface for the associated burst,
expressed in Venus Body Fixed 1985 coordinates.

Footprint Latitude (degrees N, VBF85)—the body-fixed latitude of
the footprint center, in the range of —90 (South Pole) to +90 (North
Pole).

Footprint Longitude (degrees E, VBF85)—the body-fixed longitude
of the footprint center, in the range of 0-360.

Azimuth from Footprint to Spacecraft (degrees)—at the footprint
center (ir_lat, ir_lon} the spacecraft azimuth measured positive to-
ward the east from local north.

Measurement Polarization—horizontal transmitted and horizontal re-
ceived (HH") or vertical transmitted and vertical received (VV 7,

spares

Along-Track Altimetry Footprint Size (km)—the along-track dimen-
sion of the Venus surface area described by this data record (nomi-
nally 9 C-BIDR image lines, or 2.025 km).

Across-Track Altimetry Footprint Size (km)—the across-track dimen-
sion of the Venus surface area described by this data record.

Mid-Range Point Latitude (degrees N)—the latitude of the Mid-
Range Point for the associated burst.

Mid-Range Point Longitude (degrees E)—the longitude of the Mid-
Range Point for the associated burst.

Mid-Range Point Incidence Angle (dcgrees)—the incidence angle at
the Mid-Range Point for the associated burst.

Mid-Range Point C1 Coordinate—the C1 coordinate at the Mid-
Range Peint for the associated burst in units of 225 m pixels (see [8]
for definition of C1/C2 cocrdinates).

Mid-Range Point C2 Coordinate—the C2 coordinate at the Mid-
Range Point for the associated burst in units of 225 m pixels (see {8]
for definition of C1/C2 coordinates).

BIP Latitude (degrees N)—the latitude at the Boresight Intercept
Point for the associated burst (the Boresight Intercept Point is the
point on the Venus surface where the HGA boresight would intercept
the swrface, after accounting for atmospheric refraction and the
Magellan-adopted model for topography).

BIP Longitude (degrees E)}—the longitude at the Boresight Intercept
Point for the associated burst,
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ir_bip_inc

ir_bip_elev

ir_bip_range

ir mrp_bs_coef

ir_theta_offset

ir_theta_max

ir_thlo

ir_thhi

ir_bmin

ir_bmax

ir_nth

ir_polysize

ir_chisq

ir_coefs[3]

ir_Imin

ir_Imax

float 4
float 4
float 4
float 4
float 4
float 4
float 4
float 4
uchar 1
uchar 1
uchar 1
uchar 1
float 4
float 3%
uchar 1
uchar 1
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BIP Incidence Angle (degrees)—the incidence angle at the Boresight
Intercept Point for the associated burst.

BIP Elevation (km)—the elevation {above the 6051 km reference
surface) at the Boresight Intercept Point for the associated burst.

BIP Range (km)-—the apparent slant range from the spacecraft to the
Boresight Intercept Point for the associated burst.

Mid-Range Point Backscatter Coefficient—the Muhleman Law back-
scatter coefficient at the Mid-Range Point reported on the CBIDR
tape. NB: this value was not computed correctly [8].

Lowest Incidence Angle (degrees)—the smallest angle represented by
the scattering data array.

Highest Incidence Angle (degrees)—the largest angle represented by
the scattering data array.

Lowest Incidence Angle for Fit (degrees)—the smallest incidence an-
gle for which at least one pixel was found in the block; the smallest
incidence angle used in the polynomial fit.

Highest Incidence Angle for Fit (degrees)—the largest incidence an-
gle for which at least one pixel was found in the block; the largest
incidence angle used in the polynomial fit.

Lowest Valid Bin for Incidence Angle Fit—the smallest bin number
for which data were used in the polynomial fit (0 < ir_bmin < 99).

Highest Valid Bin for Incidence Angle Fit—the largest bin number
for which data were used in the polynomial fit (0 < ir bmax < 99).

Number of Angles in ir_bins—the dimension of the array ir_bins
{equal to ir_bmax—ir_bmin+1).

Size of the Polynomial Fit—the number of coefficients in the fitted
polynomial; one more than the highest power in the polynomial.

Chi-Square Value from Linear Fit—the residual from the weighted
least-square error fit for the polynomial.

Coefficients for Polynomial Fit—the cocfficients for the fitted poly-
nomial to the scattering function, which is expanded about
(ir_thlo+ir_thhi)/2. The first coefficient (ir_coefs[0]) is the constant
term, the second coefficient {ir_coefs[1]) is the linear term, ..,

Lowest Valid Bin for Intensity Data—the smallest pixel intensity
represented by the pixel intensity histogram (0 < ir_Imin < 255)

Highest Valid Bin for Intensity Data—the highest pixel intensity
represented by the pixel intensity histogram (0 < ir_Imax < 255).
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ir_nl uchar 1 Number of Intensity Levels in Histogram—the dimension of array
ir_I count (ir_nl = ir_Imax—ir_Imin+1}.
ir_pad2(5] uchar 5 spares
ir_spare[8] uchar 8 spares
ir_bins[n] bin_t 12*n Backscatter Data for up to 100 Angles—at n=ir_nth angles the pixel
intensity, number of pixels, and standard deviation of the weighted
intensity (Table 5-12). The angles are equally spaced from ir_thlo to
ir_thhi, inclusive.
ir_I_count[m] ulong 4*m Histogram of Pixel Values for up to 256 Intensity Levels—the
number of pixels at each of m=ir_nl intensity levels,
| Table 5-12. Stanford Image Statistics Data Structure (bin_t) |
| CfE i Len | Type | Name | Description i
| +0 | 4 1 float | inten | Cumulative intensity |
I 4 | 4 | ulong | count | Number of pixels |
+ i : : + —+
| 8 | 4 | float | sdev | Standard deviation I
+ + ' + ¢ -—t
Element Name Type Length Description
inten float 4 Cumulative Intensity-the sum of the intensities of all pixels assigned
to this incidence angle bin
count ulong 4 Number of Pixels-the number of pixels assigned to this incidence an-
gle bin
sdev float 4 Standard Deviation-the standard deviation of the weighted intensities

for this incidence angle bin.

Table 5-13 Stanford Image Data Record Flag Values (ir_flags)

Name

! value

Flag Description

_)_ _t 4 — 4

IR_FLAGS_TRUNC

4 r——

1

4 ___l_ —

Set for corbits 2601-4515 (indicates that
pixel values below 90 may have been truncated

do—_— —t —
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5.7. Emissivity Data File
The Emissivity Data File has the general structure shown in Figure 5-8.

| Figure 5-8. Stanford Emissivity Data File (EDF) - Block Format |
[ 7! | cCcsD1z000001 f ccsns Label | ccsps |
; } : ' + Header |
fn !l | 00000xxx | Length Field | I
I v | 7 | NJPLIKOOKLOO |  K-Label I E
N } -—4
I | = | 00000xxx | Length Field | I
+——— } -—t
I | v | PRODUCT FILE_NAME=EDFnnnnn.v I | I
I | | PRODUCT TYPE=EMISSIVITY FILE I I I
I I | MISSION ID=4 I I |
| | | MISSION NAME=MAGELILAN t | Keyword|
| ! | SPACECRAFT ID=18 | |  and |
| | | SPACECRAFT NAME=MAGELLAN |  Keywords [ value |
| ] | ORBIT NUMBER=nnnnn i and ] SFDU |
! { | UPLOAD ID=ccecccee | Values | |
i | | NAV UNTQUE ID=ccocee | I |
I I | HARDWARE VERSION ID=nnn i | I
I I | MAJOR SOFTWARE VERSION ID=nnn | | |
I I | MINOR SCFTWARE VERSION ID=nnn | | |
| I | PROCESS TIME=YYYY-MM-DDThh:mm:ss.fff | | |
I | | DATA_FORMAT TYPE=ccce I | !
[ | T | NJPL1I000021 |  I-Label |Ems Datal
|+ ! —_— + + Header |
! I = | 00000xxx | Iength Fielda | sFpu |
| +——t 4 + {Table |
: | v | pata Fields for Emissivity Header I | 5- 14) I
+- 4 1 } -+
I | © | ccspir0o00003 | Start Label | |
|+ + + Aggr |
I | . | 000000xx | Tength Field | Start |
| } } f + Marker |
| | v | DELIMITER=SMARKER I I I
| ! | PRODUCT NAME=EMISSIVITY DATA | start Value | I
I ! | TYPE=NJPL1I000028 | I [
I | m | NIJPLII000022 | I-Label |Ems Datal
| : } + ~—4+ Record |
I | . | 00000xxx | Length Field | srpDUs |
I + | _— } + (Table |
I | v | pata Fields for Emissivity Data Recs | Data Records | 5-15) |
S + } -—
| | 7 | ccspire00003 |  End Label | Aggr |
[ S— { + End |
i I = | 000000xx | Length Field | Marker I
o ——t t }
i | v | DELIMITER-EMARKER |  End value | I
| | | PRODUCT NAME=EMISSIVITY DATA I I |
CCSDS Type *CCsSD1Z000001", the CCSDS primary SFDU label..

Length Field Eight bytes, ASCII, with leading zeroes mandatory; the length of the

remainder of the Emissivity Data File header.

Keyword and Value SFDU See Section 5.1.3.
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Emissivity Header Record

Aggregation Start Marker
Start Label

Length File

Start Value
DELIMITER=

PRODUCT NAME=
TYPE=

Emissivity Data Record

Aggregation End Marker
End Label

Length Field

End Valie
DELIMITER=

PRODUCT_NAME=
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See Table 5-14.

‘CCSDIR000003°, the SFDU Aggregation Marker label, indicating the
start of a data aggregation of unspecified length. This aggregation consists
of a varying number of Emissivity Data Record SFDU’s (er_rec), as shown
in Table 5-15,

Eight bytes, ASCII, with leading zeroes mandatory; the length of the
remainder of the aggregation marker SFDU,

The character string “SMARKER®, indicating that this is the start of a data
aggregation.

The character string "EMISSIVITY_DATA".

The character string "NJPL1I000028", where 0028~ indicates that the
data between the SMARKER and EMARKER labels comprise a registered

SFDU aggregation (the Emissivity Aggregate), composed of a set of
registered NJPL aggregates.

See Table 5-15.

*CCSD1R0000 03", the SFDU Aggregation Marker label, indicating the end
of a data aggregation of unspecified length. This matches the above "Start
Marker".

Eight bytes, ASCII, with leading zeroes mandatory; the length of the
remainder of the aggregation marker SFDU.

The character string "EMARKER’, indicating that this is the end of a data
aggregation.
The character string "EMISSIVITY DATA’

FI - -+
I Table 5-14. Stanford Emissivity Header Record SFDU (eh_rec) I
H 1 + t -_— + -+
loff | Len | Type | Name | Description |
} + + } - + - -+
I +0 | 20 | sfdu | eh_sfdu | SFDU emissivity header label and |
| I I I | length I
} 1 } 4 f +
I 20l 4 | long | eh_orb | orbit number |
! 241 4 | long | eh ver | Orbit wersion nunber |
| 28 1| 2 | short ! eh_radi major | Program RADI major version number |
I 30| 2 | short | eh_radi_minor | Program RADI minor version number |
+ 4 } } E - -+
| 321 4 | long | eh nrec | Number of Emissivity Data Records |
I | | I | in file |
————t } t————————————— f———— e = = -t
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F —+

Table 5-14 (contd). Stanford Emissivity Header Record SFDU (eh_rec)

|
e : . +
36 | 2 | short | eh_radp major | Program RADP major version number |
| 381 2 | short | eh_radp_minor | Program RADP minor version number I
[ 40 | 2 | short | eh_engex major | Program ENGEX major version number |
1 : f : : — —t
{ a2 1 2 | short | eh engex minor | Program ENGEX minor version number |
; : : : : —t
| 44 | 2 | short | eh_sabex major | Program SABEX major version number |
: + : : : - —
| 46 | 2 | short | eh_sabex minor | Program SABEX minor version number |
S + + : - —
! 48 | 2 | short | eh_rcomp major | Program RCOMP major version number |
: : : : : _— —t
50 I 2 | short | eh rcomp minor | Program RCOMP minor version number |
| 52 1 2 | short | eh_ratm major | Program RATM major version number l
+ + + : + -_— —t
I'54 1 1 | uchar | eh_meth_quat | Method ID for quaternion correction |
: : f f : _— —t
1551 1 | uchar | eh_meth Tsky | Method ID for sky temperature |
! I I I | estimation |
i 56 | 1 | uchar | eh_meth_Tvenus | Method ID for Venus temperature |
| I I I | estimation !
{ 57 1 1 | uchar | eh meth beam eff | Method ID for HGA beam efficiency I
| i f I | estimation I
| 58 | 1 | uchar | eh_meth rho | Method ID for Fresnel reflectivity |
| | } I | estimation I
e + n t }
| 59 | 1 | uchar | eh_meth _var | Method ID for emissivity and Tb |
| | t I | variance estimation |
| 60 | 1 | uchar | eh_meth_syst | Method ID for systematic error I
| | | I | correction I
| 61 | 1 | uchar | eh_meth_geom | Method ID for spacecraft gecmetry |
| | | f | calculations I
i 62 | 1 | uchar | eh_meth_telem | Method ID for telemetry calculations |
{ 63 1 1 I uchar | eh_pad | spare |
I 64 I 4 I float E eh_Tvenus } Venus disk apparent brightness temp I
(K)
| 68 | 4 | float | eh_Tcosmic | Coamic background effective |
| | | I | temperature (K) I
' 72 | 4 | float | eh_beam eff | HGA beam efficiency ]
| 76 | 4 | float | eh_rad eff | HGA radiation efficiency !
| 80 | 12 | uchar | eh_spare[12] | spares i
: ; ; : + —_
[+92 | I
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Element Name

ch_sfdu

¢h_orb

eh_ver

¢h_radi_major

eh_radi_minor

¢h_nrec

eh_radp_major

eh_radp_minor

¢h_engex_major

eh_engex_minor

ch_sabex_major

¢h_sabex _minor

¢h_rcomp_major

Type  Length
sfdu 20
long 4
long 4
short 2
short 2
long 4
short 2
short 2
short 2
short 2
short 2
short 2
short 2

SU-MGN-SCVDR v 1.0

Description

SFDU Label and Length: "NJPL1I0000210000nnnn”, The
number *0021° is registered with the NJPL SFDU authority as the
"Emissivity Header Record”.

Orbit Number—the Magellan orbit number for the data represented
in these data records.

Orbit Version Number—orbit version number for these daia. Ob-
tained from the VERSION_ID keyword of the corresponding C-
BIDR Orbit Header File (NB: This tums out not to be a good indica-
tor of the version of the data file; the Orbit Header File itself is rare-

ly updated).

Program RADI Major Version Number—the number of the major
software version of Stanford program RADI used to process these
data,

Program RADI Minor Version Number—the number of the minor
software version of Stanford program RADI used to process these
data,

Number of Emissivity Records in File—the number of emissivity
records in this file.

Program RADP major version number—the number of the major
software version of Stanford program RADP used to process these
data,

Program RADP minor version number—the number of the minor
software version of Stanford program RADP used to process these
data.

Program ENGEX major version number—the number of the major
softwarc version of Stanford program ENGEX used to process these
data,

Program ENGEX minor version number—the number of the minor
software version of Stanford program ENGEX used to process these
data.

Program SABEX major version number—the number of the major
softwarc version of Stanford program SABEX used to process these
data,

Program SABEX minor version number—the number of the minor
software version of Stanford program SABEX used to process these
data.

Program RCOMP major version number—the number of the major

software version of Stanford program RCOMP used to process these
data,
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eh_rcomp_minor

eh_ratm_major

eh_meth quat

eh meth_Tsky

eh_meth_Tvenus

eh_meth_beam_eff

eh_meth_rho

¢h_meth var

e¢h_meth_syst

shaort

short

uchar

uchar

uchar

uchar

uchar

uchar

uchar
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Program RCOMP minor version number—the number of the minor
software version of Stanford program RCOMP used to process these
data.

Program RATM major version number—the number of the major
software version of Stanford program RATM uvsed to process these
data.

Method ID for quaternion correction--—code number for the specific
method for determining the quaternion correction (if any). Possible
values are:

0 Use uplinked values with no cormrection (preferred)

1 Use delta-quaternions from telemetry stream, as reported in image
Processing Parameter files

Method ID for sky temperature estimation—code number for the
specific method for determining sky temperature as scen at the sur-
face of Venus. Possible values are:

0 Constant value = ¢h_Tcosmic (preferred)

1 (not used)

Method ID for Venus temperature estimation—code number for the
specific method of determining the effective global temperature of
Venus as scen at the spacecraft. Possible values are:

0 Constant value = eh_Tvenus (preferred)

1 (unused)

Method ID for HGA beam efficiency estimation—code number for
the specific method of determining high-gain antenna beam
efficiency. Possible values are:

0 Constant value = eh_beam_eff (preferred)

1 (not used)

Method ID for estimating Fresnel reflectivity—code number for the
specific method for estimating the surface Fresnel reflectivity ap-
propriatec for the sky brighmess reflection at the surface. Possible
values are:

0 Assume reflectivity is the complement of emissivity (preferred)

1 (not used)

Method ID for emissivity variance estimation—code number for the
specific method of determining the variance expected in the estimates
of Venus surface brighiness and emissivity. Possible values are:

{0 Assume the standard deviation is proportional to the estimate itself,
where the proportionality factor is detennined from the results of
method 1 for typical data (preferred)

1 Monte Carlo simulation

Method ID for systematic emor correction—code number for the
specific method for correcting the radiometry signal for systematic
effects (such as capacitive discharge associated with altimeter bursts).
Possible values are:

0 Make no systematic corrections (preferred)

1 (not used)
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eh_meth geom uchar 1 Method ID for spacecraft geometry calculations—code number for
the specific method for computing the spacecraft position, velocity
and orientation Possible values are:
0 Use values reported in C-BIDR image processing parameters files
1 Use original ephemeris, clock and pointing files on C-BIDR tapes
(preferred)
ch_meth_telem uchar 1 Method ID for telemetry calculations—code number for the specific
method for computing and conditioning the spacecraft telemetry sig-
nals. Possible values are:
0 Use values reported in C-BIDR image processing parameters files
1 Use original engineering telemetry files on C-BIDR tapes and con-
dition data with a combination of median filters and smoothing filters
{preferred)
¢h_pad uchar | spare
ch_Tvenus float 4 Venus surface temperature (K)—the effective (global) brightness
temperature of Venus as seen at the spacecraft (nominally 635K).
¢h_Tcosmic float 4 Cosmic background effective temperature (K)—the cosmic back-
ground temperature {nominally 3K) for emissivity mecasurements at
Venus.
eh_beam_eff float 4 HGA beam efficiency—the high-gain antenna beam efficiency used
for interpreting emissivity measurements (nominally 0.8).
ch_rad_eff float 4 HGA radiation efficiency—the high-gain antenna radiation efficiency
used for interpreting emissivity measurements (nominally 0.977).
ch_spare[12] uchar 12 spares
+ -+
I Table 5-15. Stanford Fmissivity Data Record SFDU (er_rec) [
| off | Len | Type | Name | Description |
+ t : { t == —_—
Il +0 | 20 | sfdu | er sfau | SFDU label and length |
+ ! i { t -—t
l 201 4| 1long | er_nfoot | Footprint number |
ot { + t -—+
| 24 | 41 long | er burst | saB Number I
Fo————t f i 1 -+
| 28 | 4 | ulong | er flags | Flag fields (see Table 5-16) I
4 t ! i 1 —
[ 321 8| doupble | er scet | s/¢ Emissivity Epoch (SCET, TDB) |
+- { t + ! _—
| 40 | 3*4 | float | er_scpos(3] | s/c Position Vector (km, J2000) |
+- } } t t -t
| 52 | 3%2 | float | er_alta[3] | ALT Boresight Pointing Vector |
I ! I | | (32000) |
+- i t t + —-—t
| 64 | 3%¥4 | float | er_sara(3] | HGA Boresight Pointing Vector |
| | | l | (32000)
+- i et ——t -— —t
|l 76 1 4| fleat | er_ lat | Footprint Latitude (deg, VBF85) |
+- + fm———————t f -— '
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Table 5-15 (contd).

Stanford Emissivity Data Record SFDU (er_rec)

I |
| 80 | 41 float | er_lon | Footprint Longitude (deg, VBF85) |
} : : : : —t
| 84 1 4| float | er_azimuth | azimuth from footprint to I
| I I I | spacecraft (deg) I
et + : + -+
| 88 | 2| char | er_poln | Polarization |
| 90 | 2 | uchar | er padl[2] | spares (not used) I
+ : : : : -— e
| 92} 4| float | er_radius | Footprint Planetary Radius (km) |
R + } + : - :
Il 96 | 4| float | er inc | Footprint Incidence Angle (deg) |
ot + : : :
b 100 | 10 | uchar | er_ss prev([10] | SAR Status field for previous I
I ! I I | burst |
| 110 | 10 ! uchar | er_ss ant[10] | SAR Status field for antenna I
I I I I | burst I
: + : : ———t -t
| 120 | 10 | uchar | er_ss cal[10] | SaAR Status field for calibration |
i I I I | burst I
+ : . : - -+
| 130 | 1 | uchar | er xma | Transmitter A flag I
+ : : : : - —+
| 131 | 1 | uchar | er_rcva | Receiver A flag I
132 | 1 | uchar | er_omua | oNU A flag I
| 133 | 3 | uchar | er pad2(3} | spares (not used) I
+ } ' + f - -+
l 136 | 4 | float | er_s | calibrated Radiometer Signal I
| I I I | (counts) I
i ' + : - -+
| 140 | 4| float | er Sprime | Corrected Radicmeter Signal I
[ | | | | (counts) I
+- : ' : y S -
| 144 | 4| float | er_caL | calibration Load Signal I
| I I | | (counts) I
+ = : , : - -+
l 148 { 4 { float f er_Trcv i Receiver Physical Temperature I
(K)
+ : : ' } - —+
I 152 I 4 i float { er_Tsi I Sensor Input Noise Temperature I
(K)
+ + e et : ——t
| 156 | 5%*4 | float | er_Tsen[5] | Cable Sensor Temperatures (K) f
I 176 I 4 I float { er_Tant } HGA Antenna Noise Temperature :
(K)
| 180 | 4 | float | er_Thga | HGA Reflector Physical I
I [ [ I | Temperature (K) |
: : : : 1 —————— —4
| 184 | 4 | float | er_TSfeed | S-band Feed Physical I
I [ [ I | Temperature (K) [
: : : : - + —t
| 188 | 4 | fleat | er Tsky | Effective Sky Brightness I
I | | I | Temperature (K) |
! | + v —————ed —-—
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+- -— - }
| Table 5-15 (contd). Stanford Emissivity Data Record SFDU (er_rec) |
et i : ; - +
| 192 1 4| float | er_omegav | venus Disk Subtended Angle l
! I | | | (steradians) |
+= : 1 + + }
| 196 | 4 | float | er alpha | Atmospheric Power Transmission |
| | l | | Coefficient !
| 200 | 4 | float | er Tsurf | Physical Surface Temperature (K) |
t } + } } —4
| 204 | 4 | float | er_Tup | Upwelling Atmospheric Brightness |
I [ | I | Temp (K) !
t } + : { —
| 208 | 4 | fleat | er_Tdn | Downwelling Atmospheric |
[ | | | | Brightness Temp |
i } { + : - —+
| 212 | 4 | float | er_Tb | Derived Venus Surface Brightness |
I | | I | Temperature |
| 216 | 4 | float | er_Tobv | variance of er_Tb |
l 220 1 4 | float | er_emiss | Derived Surface Emissivity I
+———t + + i -_— }
| 224 | 4| float | er_emissv | variance in er_emiss |
+————t + -t+- : +
| 228 1 4 | uchar | er pad3[4] | spares |
+———1 + . —-— t - —+
| 232 | 8 | uchar | er_spare[8] | spares |
+ i p————— + - -—+
| 240 | I
' } -— - -+
Element Name Type Length Description
er_sfdu sfdu 20 SFDU label "NJPL1100002200000nnn", The number *0022° is
registered with the NJPL SFDU authority as the "Emissivity Data
Record".
er_nfoot long 4 Footprint Number—starting from 1, the number of the Emissivity
Data Record by increasing emissivity footprint time (er_scet), start-
ing at 1.
er_burst long 4 SAB Number—the number assigned to the burst header that contains
the anterma measurement (as opposed to the calibration measure-
ment) referenced by this er_rec.
er_flags nlong 4 Flag fields—see Table 5-16.
er_scet double 8 §/C Emissivity Epoch (SCET)—the ephemeris time (seconds of TDB
since J2000; see Section 1.54.2) at which the emissivity measure-
ment was made,
er_scpos[3] float 3%4 S/C Position Vector (km, J2000)—the S/C position at er_scet, rela-
tive to the Venus center of mass, expressed in inertial coordinates.
er_alta[3] float 3%4 ALT Pointing Vector (J2000}—the altimetry antenna pointing vector

at er_scet, expressed as a unit vector in inertial coordinates.
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er_sara[3]

er_lat

er_lon

er_azimuth

er_poln

er_padl[2]

er_radius

er_inc

er_ss prev[10]

er_ss_ant[10]

er_ss_cal[10]

e1_xmtA

er_rcvA

er_onuA

er_pad2[3]

float

float

float

float

char

uchar

float

float

uchar

uchar

uchar

uchar

uchar

uchar

uchar

3%4

10

10

10
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HGA Pointing Vector (J2000)—the HGA pointing vector at er_scet,
expressed as a unit vector in inertial coordinates.

Footprint Latitude {degrees N, VBF85)—the body-fixed latitude, at
er_scet, of the boresight intercept point (obtained from the C-BIDR
Processing Parameters file).

Footprint Longitude (degrees E, VBF85)—the body-fixed longitude,
at er_scet, of the boresight intercept point (obtained from the C-
BIDR Processing Parameters file).

Azimuth from Footprint to Spacecrafi (degrees)—at (er_lat, er_lon)
the spacecraft azimuth measured positive toward the east from local
north,

Measurement Polarization—horizontal received (HH") or vertical re-
ceived CVV™).

spares (not uscd)

Footprint Planetary Radius (km)—the estimated planetary radius at
the boresight intercept point (obtained from the C-BIDR Processing
Parameters file).

Footprint Incidence Angle (deg)—the incidence angle at the
boresight intercept point (obtained from the C-BIDR Processing
Parameters file},

SAR Status Field for Previous Burst—the original SAB header status
field from the burst preceding the Antenna Measurement, of interest
because the Antenna Measurement actually occurs during this burst
(see [12], page 23).

SAR Status Field for Antenna Measurement—the original SAB
header status field used for the radiometry (emissivity) measurement
(see I12], page 23).
SAR Stams Field for Calibration Measurement—the original SAB
header status field used for the radiometry (emissivity) calibration
(see [12], page 23).

Transmitter A Flag—if set (1), transmitter A was active; if not set
(0} transmitter B was active.

Receiver A Flag—if set (1), receiver A was active; if not set (0), re-
ceiver B was active.

ONU A flag—if set (1), ONU A was active; if not set (0), ONU B
was active,

spares (not used)
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er_Sprime

er_CAL

er_Trcv

er_Tsi

er_Tsen[5]

er_Tant

er_Thga

er_TSfeed

er_Tsky

er_OmegaV

er_alpha

er_Tsurf

float

float

fioat

float

float

float

float

float

float

float

float

float

float
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Calibrated Radiometer Signal (counts)—the difference between the
antenna radiometry (emissivity) measurement ANT and the calibra-
tion measurement er CAL (er_ S = ANT-er_CAL), in units of ra-
diometer counts. This value has been comected for non-systematic
radiometric effects, but has not been corrected for systematic errors.

Corrected Radiometer Signal (counts)—the radiometer signal after
correction for systematic errors (see eh_meth_syst), in units of ra-
diometer counts.

Radiometer Calibration Signal (counts)—the radiometer measurement
when it is connected to the reference load, in units of radiometer
counts. This value has been corrected for non-systematic radiometric
effects.

Receiver Physical Temperature (K)—the physical temperature of the
SAR receiver as reported from telemetry in image Processing Param-
eter files.

Sensor Input Noise Temperature (K)}—the system temperature of the
sensor RF input port, obtaincd from the radiometry (emissivity) sig-
nal and compensated for receiver gain and temperature,

Cable Sensor Temperatures (K)—the physical temperatures reported
by five sensors along the cable between the antenna and the receiver
front end.

HGA Antenna Noise Temperature (K)—the system temperature of
the HGA antenna, determined from the sensor input noise tempera-
ture and the loss and physical temperature of the HGA cable.

HGA Reflector Physical Temperature (K)—obtained from engineer-
ing telemetry channel E-0100.

S-Band Feed Physical Temperature (K)—obtained from engineering
telemetry channel E-0098.

Effective Sky Brightness Temperature (K)—the sky brightness in the
forward scatter (specular) direction, nominally equal to eh_Tcosmic
but computed according to eh_meth_Tsky.

Venus Disk Subtended Angle (steradians)—the solid angle subtended
by the Venus disk at the spacecraft.

Atmospheric Power Transmission Coefficient—the one-way power
transmission factor for the atmosphere between the point at (er_lat,
er_lon, er_radius) and the spacecraft using the atmospheric model in
[2].

Physical Surface Temperature (K)—the physical temperature of the
surface obtained from the assumed radius at the boresight intercept
point (er_radius) and the (Magellan-adopted) model for atmospheric
structure [2].
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er_Tup float 4 Upwelling Atmospheric Brightness Temperature (K)—effective tem-
perature of the atmosphere resulting from self-emission along the
raypath determined by the HGA.

er_Tdn float 4 Downwelling Atmospheric Brighiness Temperature (K)—effective
temperature of the atmosphere observed at the surface along an in-
coming ray that, after specular reflection from the (average) spherical
surface, would reach the spacecraft.

er_Tb float 4 Derived Venus Surface Brightness Temperature (K)—brightness tem-
perature of the Venus surface derived from the radiometry (emissivi-
ty) measurements.

er_Tbv float 4 Variance of er_Tb (Kz)—Variance of the derived Venus brightness
temperature using the method identified by eh_meth_var.

er_emiss float 4 Derived Surface Emissivity—the emissivity of the Venus surface.

er_emissv float 4 Variance in er_emiss—variance of the derived emissivity using the

method identified by eh_meth_var,

er_pad3f4] uchar 4 spares

er_spare[8] uchar 8 spares
- -— -— }
| Table 5-16. Stanford Emissivity Data Record Flag Values {er_flags) |
4 ———t } —
| Name i value | Flag Description |
', — ; —
| ER FLAGS_HGA i 1 | HGA boresight misses planet I
: : } —+
| ER FLaGS cLock | 2 | Error occurred in SCLK to SCET conversion, |
| | | probably indicating bit error in telemetry. |
| ER_FLAGS_QUAT | 4 | guaternions and HGA pointing from image |
! | | parameter file differ by more than |
! | | (nominally) 0.1 degree. I
| ER FLAGS SPACING | 8 | Telemetry data separation from radiometry |
| | | measurement exceeds (nominally) 5 seconds. |
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5.8. G-Matrix File
The general structure of the G-Matrix File is shown in Figure 5-9.

} e —t
{ Figure 5-9. Stanford G-Matrix File (GMF) - Block Format |
G I CCSDlZOOOOOl | ccsps Label | ccsps |
 — i + + Header |
[ A 00000xxx | Length Field | I
Ut SRRV T -_— _— —-— : + -—t
I v | T | NIPLIKOOKLOO |  K-Label | I
I I | 00000xxx | Length Field | :
I | v | PRODUCT FILE NAME=GMFRnnnn.v [ I |
I | | PRODUCT TYPE=G_MATRIX FILE [ I I
| | | MISSTION_ID=4 I | I
|| | MISSION NAME=MAGELLAN I | Keyword|
| | | SPACECRAFT_ID=18 I |  and |
| | | SPACECRAFT NAME=MAGELLAN |  Keywords | value |
[ | | orRBIT_NUMBER=nnnnn I and |  sFou |
| | | vpLOAD ID=cceccce | values | I
| [ | NAV_UNIQUE_ID=ccccec | | i
| [ | HARDWARE VERSION_ID=nnn | | I
I I | MAJOR SOFTWARE VERSION ID=nnn | ! I
I | | MINOR SOFTWARE VERSION ID=nnn I I I
I | | PROCESS_TIME=YYYY-MM-DDThh:mm:ss.f£ff | I !
|1 | paTA FORMAT TYPE=cccc | I !
I S— ' ! +
| | 7 | NJPL1I000023 | I-Label lG-Matrix|
[ S } + Header |
| | = | 00000 | Length Field | srDU |
I — ! } (Table |
: | v | Fields for G-Matrix Header Record I | s-17y |

} } -_— ! —_— —4
| I 7 | CCSDIR0O00003 | start Label | I
I } } . -—+ aggr |
| | | 000000xx | Length Field | Start |
| 4 } " —==+ Marker |
I | v | DELIMITER=SMARKER [ I |
| {1 | PRODUCT NAME=G MATRIX DATA | Start Value | I
I I | TYPE=NJPL1I000029 | I |

U + —_— —-—
| | T | NJPL1I000024 |  I-Label |G-Matrix!
| =g + -———+ Data |
||z 1 00000xxx | Length Field | sSFDUs |
[ —— f ————+ (Table |
I | v | Data Fields for G-Matrix Data Record | Data | 5-18) |
| | 7 | cCSDIR000003 |  End Label | BAggr |
| =t ! + End |
I I | 000000xx | Length Field | Marker :
[T } —— f
i i v | DELIMITER=FEMARKER | End [ I
I | | PRODUCT_NAME=G_MATRIX DATA I Value I I

CCSDS Type *CCSDP1z0000017, the CCSDS primary SFDU label.

Length Field Eight bytes, ASCII, with leading zeroes mandatory; the length of the

remainder of the G-Matrix File header.

Keyword and Value SFDU See Section 5.1.3.
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G-Matrix Header Record

Aggregation Start Marker
Start Label

Length Field

Start Value
DELIMITER=

PRODUCT_NAME=
TYPE=

G-Maftrix Data Records

Aggregation End Marker
End Label

Length Field

End Value
DELIMITER=

PRODUCT_NAME=
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See Table 5-17.

"CCSD1R000003", the SFDU Aggregation Marker label, indicating the
start of a data aggregation of unspecified length. This aggregation consists
of a varying number of G-Matrix Data Record SFDU’s (gr_rec), as shown in
Table 5-18.

Eight bytes, ASCII, with leading zeroes mandatory; the length of the
remainder of the aggregation marker SFDU,

The character string "SMARKER®, indicating that this is the start of a data
aggregation.

The character string *G_MATRIX_DATA",

The character string "NJPL11000029°, where "0029" indicates that the
data between the SMARKER and EMARKER labels comprise a registered
SFDU aggregation (the G-Matrix Aggregate), composed of a set of
registered NJPL aggregates.

See Table 5-18,

"CCSDIR000003°, the SFDU Aggregation Marker label, indicating the end
of a data aggregation of unspecified length. This matches the above "Start
Marker".

Eight bytes, ASCII, with leading zeroes mandatory; the length of the
remainder of the aggregation marker SFDU.

The character string "EMARKER’, indicating that this is the end of a data
aggregation.
The character string "G_MATRIX_DATA".

-i-- N Tabi!.e ;:1'7 Stanford G—Maltrix Header Record SFDU (gh_rec) -T
ioff i Len :l Type ! Name ! Description _T
i +0 | 20 | sfdu ! gh_sfdu ! SFDU inversion header label and Ieng-th_T
i 20 | 2 | short ! gh_ng ! Number of G-matrices o -T
l 22 ! 2 ! short ! gh_maxB ! Maximm size of angle vector |
i 24 i 2 Ji short i gh_maxR |i Maximum size of range vector o _T
i 26 ! 2 :| short ! gh_maxF ! Maximum size of frequency vet_:;_;:_:— -T
T_ZB i 4 i long :| gh_maxBR i Max:i.tm.un_;:?.ze of angle-range ;;E;ix _T
T-32 I 4 | long ! gh_maxBF ! Maximum size of angle-frequency matrix |
1_36 | 8 i uchar | gh_spare(8] i spares T _—T
Tael o i

.
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Elemznt Name Type Length Description
gh_sfdu sfdu 20 SFDU Label and Length: "NJPL1I0000230000nnnn’ .
number *0023" is registered with the NJPL SFDU authority as the
"G-Matrix Header Record".
gh_ng short 2 Number of G-Matrices—the number of G-matrices contained in this
file.
gh_maxB short 2 Maximum size of angle vector—the largest value of gr blen in this
file.
gh maxR short 2 Maximum size of range vector—the largest value of gr rlen in this
file.
gh_maxF short 2 Maximum size of frequency vector—the largest value of gr flen in
this file,
gh_maxBR long 4 Maximum size of angle-range matrix—the largest value of the pro-
duct gr blen * gr rlen in this file.
gh_maxBF long 4 Maximum size of angle-frequency matrix—the largest value of the
product gr_blen * gr flen in this file.
gh_spare[8] uchar 8 spares
+- -— +
I Table 5-18. Stanford G-Matrix Data Record SFDU (gr_rec) I
Fmmm i + + + —-—
l off | 1en | Type | Name | Description |
+———— : f ! -—+
I +0 1 20 | sfau | gr_sfdu | SFDU label and length I
I 20 | 2 | short | gr_Gnum | G-matrix ID number |
' ! } ! + -+
o221 2 | short | gr_orb | orbit number |
i ! o + -— -+
I 24| 4 | iong | gr burst | Burst number within orbit |
} t f + i -+
I 28 | 4 | uchar | gr_padl(4] | spares |
I 321 8 | double | gr_scet | Burst time (SCET, TDB) |
! t t f } -+
| a0 | 4 | float | gr_lat | Nadir latitude (degrees N, VBF85) I
| a4 | 4 | float | gr lon | Nadir longitude (degrees E, VBF85) |
+——— + + i i
| 48 | 3*8 | double | gr scpos(3] | Spacecraft position (km, J2000) i
| 72 | 3*8 | double | gr_scvel[3] | Spacecraft velocity (km/sec, J2000) |
| 96 | 3*8 | double | gr alta{3] | Unit boresight ALT pointing vector |
| ! I ! | (32000) |
| 120 | 3*8 | double | gr_sara(3] | Unit boresight SAR pointing vector |
I I I I [ (J32000) I
¢ 1 ' + + -+
| 144 | 2 | short | gr_blen | Number of angles |
t I i i t +
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e e e e e e e e e e e e e e e e e e e e e e = ————— +
! Table 5-18 {(contd). Stanford G-Matrix Data Record SFDU (gr_rec) I
| 146 | 2 | short | gr_rlen | Number of ranges |
+- 1 fmm et + -— -t
| 148 | 2 | short | gr_flen | Number of frequencies |
+ t : t } -+
i 150 | 2 | short | gr ralias | Highest order range aliasing |
I I I | | included |
| 152 | 2 | short | gr_falias | Highest order frequency aliasing |
! | ! | | included I
| 154 | 2 | uchar | gr_pad2[2) | spares |
| 156 | 16 | uchar | gr spare[16] | spares |
Fm————t t + + —+
| 172 | 4*nb | float | gr_binb] | angle vector, nb=gr_blen; p=4*nb I
+ } : { ——————t - —+
[1724p| 4*nr | float | gr_rinr] | Range vector, nr=gr_rlen; I
I | i | | g=4*nr+p I
t t ! } ! — -+
l1724q| 4*nf | float | gr_£[nfl | Frequency vector, nf=gr_flen; I
! I I I | r=4*nf+q I
} : i { { - -+
|172+r| 4*nb*nr| float | gr_gbr | Angle-range G-matrix; |
I I I I | s=4*nb*nr+r i
|172+s| 4*nb*nf| float | gr_gbf | angle-Doppler G-matrix; |
| i I I | t=4#*nb*nf+s !
+= t f f + t
| N | N=172+t=172+4*gr_blen* (l+gr_rlentgr_flen)+4*gr_rlen+d*gr_flen !
-t +
Element Name  Type Length Description
gr_sfdu sfdu 20 SFDU Label and Length: *NJPL110000240000nnnn”. The
number “0024° is registered with the NJPL SFDU authority as the
"G-Matrix Data Record”.
gr_Gnum short 2 G-Martrix ID—the identifier for the G-matrix (se¢ nr_Gnum in Sec-
tion 5.4.2). G-matrices are indexed from 0.
gr_orb short 2 Orbit Number—the orbit number for which the G-matrix was com-
puted.
r_burst long 4 Burst Number—the burst number within orbit gr_orb for which the
G-matrix was computed.
r_pad1[4] uchar 4 spares (not used)
r_scet double 8 Burst Time (SCET, TDB)—the time at which burst gr burst was
transmitted (SCET, TDB).
gr lat float 4 Nadir Latitude (degress N, VBF85)—the latitude at the nadir point

for the G-matrix calculation.
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gr_lon

gr_scpos[3]

gr_scvel[3]

gr_alta[3]

gr_sara{3]

gr_blen
gr_tlen

gr_flen

gr_ralias

gr_falias

gr_pad2[2]
gr_spare[16]

gr_bnb]

gr_r[nr]

float

double

double

double

double

short

short

short

short

short

uchar
uchar

fioat

float

4

3%8

3*8

3*8

3+8

16

4*nb

4%nr
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Nadir Longitude (degrees E, VBF85)—the longitude at the nadir for
the G-matrix calculation.

Spacecraft Position Vector (km, J2000)—the spacecraft position at
gr_scet, relative to the Venus center of mass, expressed in inertial
coordinates.

Spacecraft Velocity Vector (km sec !, J2000)—the spacecraft veloci-
ty at gr_scet, relative to the Venus center of mass, expressed in iner-
tial coordinates.

Altimetry Antenna Boresight Vector (J2000)—unit vector along the
axis of the altimetry antenna at gr_scet, expressed in inertial coordi-
nates.

SAR Antenna Boresight Vector (J2000)—unit vector along the axis
of the high-gain (SAR) antenna at gr_scet, expressed in inertial coor-
dinates.

Number of Angies—the number of angles in the calculated G-matrix.

Number of Ranges—the number of ranges in the calculated G-
matrix.

Number of Freguencies—the number of frequencies in the calculated
G-matrix (an odd number).

Range Aligsing—the highest order of range aliasing included in the
computation of the G-matrix. If 0, no aliasing was considered; if 1,
the contribution due to the first range ambiguity, etc.

Frequency Aliasing—the highest order of frequency aliasing included
in the computation of the G-matrix. If 0, no aliasing was considered;
if 1, the contributions due to the first positive and negative frequency
aliasing, etc,

spares
spares

Angle Vector—the vector of nb=gr_blen angles for which the G-
matrix was calculated (radians). Entries in gr_b are monotonically
increasing from an initial O radians, which is implicit and not includ-
ed in the vector, Entries gr b[n] and gr _b[n+1] thus bound the nth
angle interval, which has nominal value (gr bin}+gr_bin+1])/2.

Range Vector—the vector of nr=gr rlen ranges for which the G-
matrix was calculated (seconds). Entries in grr are monotonically
increasing from an initial 0 seconds, which is implicit and not in-
cluded in the vector. Entries gr r{n] and gr r[n+1] thus bound the
nth range interval, which has nominal value (gr_r{n]+gr_r[n+17)/2.
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gr_fInf] float 4%nf Frequency Vector—the vector of nf=gr flen frequencies for which
the G-matrix was calculated (Hz). Eniries in gr f are monotonically
increasing and denote frequencies at the centers of nominal frequen-
cy bins. gr f has an odd number of elements; the center ¢lement is
zero and the remainder are symmetric (positive and negative frequen-
cies) about this center value.

gr_gtrlnrb] float 4nr*nb  Angle-Range G-Matrix—the (aliased) G-matrix in angle-range space,
with gr rlen rows and gr_blen columns, stored in row-ma_]or order
for a total of nrb=gr rlen*gr blen entries. The first row is associated
with the first element in gr r, and each element in a row is associat-
ed with the corresponding element in gr b.

gr_gbfnfb] float 4nf*nb  Angle-frequency G-Matrix—the (aliased) G-matrix in angle-
frequency space, with gr flen rows and gr blen columns, stored in
row-major order for a total of nfb=gr ﬂen*gr blen entries, The first
row is associated with the first element in gr_f, and each clement in
a row is associated with the corresponding element in gr_b.

59. Volume Trailer File

I Figure 5-10. Stanford Volume Trailer Flle (VIF) Format l
{7 i CCSD1Z000001 I CCSDS Label I CCSDS |
} ; ¥ i + Header |
| © | | 00000060 | Length Field | I
: v | T | cCsSDIR000003 | End Label | &aggr {
{ | } + End
I | . | 00000040 | Length Field | Marker I
| | v | DELIMITER=EMARKER |  End value | |
| [ | PRODUCT NAME=SCVDR [ | |
} S + ' -+
CCSDS Label *CCSD120000017, the CCSDS primary SFDU label.,
Length Field Eight bytes, ASCII, with leading zeroes mandatory; the length of the

remainder of the trailer file.

Aggregation End Marker

End Label *CCSD1R000003, the SFDU Aggregation Marker label, indicating the end
of a data aggregation of unspecified length. This matches the Aggregation
Marker in the Volume Header File.

Length Field Eight bytes, ASCII, with leading zeroes mandatory; the length of the
remainder of the aggregation marker SFDU.

End Value

DELIMITER= The character string "EMARKER’, indicating that this is the end of a data
aggregation.

PRODUCT_NAME= The character string “SCVDR".
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APPENDIX A

BINARY DATA FORMAT

A. VAX Integer Fields

0 7 1-byte (char, uchar)
fmm————— +
| o1 |
e +
0 15 2-byte (short, ushort)
T [1] I [0] |
+— } +
4-byte (long, ulong)

0 3
I

1
(31 | 20 | [ | o1 |

VAX binary integers are stored in one, two, or four consecutive 8-bit bytes. Unsigned integers uchar, ushort,
ulong, which always represent positive values, contain 8, 16, or 32 binary bits, respectively. As illustrated above,
the significance increases from the rightmost bit to the leftmost (bit 0). Signed integers (char, short, long) are
stored in the same way, except that negative values are formed by taking the corresponding positive value, com-
plemanting each bit, then adding unity-known as "two’s complement” format. As a consequence, a negative
value always has bit 0 set "on". Integers are wriiten extemally in increasing byte-number order, ie. [01, {11,
elc., so that less significant bits always precede more significant ones. For example, the short value -2 is stored
as a pair of bytes valued 0xfe, Ox£ff.

B. VAX Floating-Point Fields

01 89 31 4-byte float
H (1] I [0] i [3] i [2] |
++ + + + -+
01 89 31 8-byte double
ii [1] Ii [0 i (3] i [2] i
T 32 LI T T T 63

o ——t— } + :

S -5 T A ' N S v O N -

VAX single- (double-) precision floating point numbers® are stored in four (eight) consecutive bytes. Bit number
0 contains a sign indicator, S. Bits 1 through 8 contain a binary exponent, E. The significance increases from bit
8 through bit 1. Bits 9 through 31 (63) contain a mantissa M, a 23-bit (55-bit) binary fraction whose binary
point lies immediately to the left of bit 9. The significance increases from bit 31 (63) through bit 9. The value of

Known to VAX enthusiasts as F-type and D-type floating-point formats, respectively.

SU-MGN-SCVDR v 1.0
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the field is given by
~1)5251P(14m)

The numbers are stored externally in increasing byte-number order, ie. [0], [1], etc. For example, the float
value +1.0 is stored as four bytes valued 0x80, 0x40, 0x00, 0x00,

C. IEEE Integer Fields

0 7 1-byte {char, uchar)
e +

I [o1 |

- —+

0 15 2-byte (short, ushort)
i [0] | [1] i

0 31 4.byte (long, ulong)
o3 1o o2 1oE |

IEEE binary integers are stored in one, two, or four consecutive 8-bit bytes. Unsigned integers uchar, ushort,
ulong, which always represent positive values, contain 8, 16, or 32 binary bits, respectively. As illustrated above,
the significance increases from the rightmost bit to the leftmost (bit 0). Signed integers (char, short, long) are
stored in the same way, except that negative values are formed by taking the corresponding positive value, com-
plementing each bit, then adding unity-known as "two’s complement” format. As a consequence, a negative
value always has bit 0 set "on". Integers are written externally in increasing byte-number order, ie. [01, [1],
etc., so that more significant bits always precede less significant ones. For example, the short value —2 is stored
as a pair of bytes valued 0x£f, Oxfe.

D. IEEE Floating-Point Fields

01 89 31 4-byte float
Il [0] ii [1] | [2] i [3] i
++ H ; + -+
01 11 12 31 8-byte double
Il o1 | ra1 | 23 + 31 |
H } + : -+

32 63

+ + : : —et

| a1 | 51 t (63 1 (71 |

+ —+- } + -+

IEEE single- (double-) precision floating point numbers are stored in four (eight) consecutive bytes. Bit number
0 contains a sign indicator, S. Bits 1 through 8 (11) contain a binary exponent, E. The significance increases
from bit 8 (11) through bit 1. Bits 9 (12) through 31 (63) contain a mantissa M, a 23-bit (52-bit) binary fraction
whose binary point lies immediately to the left of bit 9. The significance increases from bit 31 (63) through bit 9
(11). The value of the field is given by

~1)° 221 7(11m)
for single-precision, and
(_l)s 2E—1023(1+M)
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for double-precision.

The numbers are stored externally in increasing byte-number order, ie. [0], [1], etc. For example, the max-
imum float value +3.40282347E+38 is stored as four bytes valued 0x7£, 0x7£, 0x£ff, Oxff,

Special float values are represented as +Infinity (0x7£800000), -Infinity (0x££800000), quiet NaN (not a
number) (OxfE£££FE£E), and signaling NaN (0x7£800001).
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Massachusetts Institute of Technology
Center for Space Research
Cambridge, MA 02139

rA roup
Room 37-601 Tel: (617)-253-6485
Datafax: (617)-253-0861

Thursday, March 30, 1995

Data Ingest

National Space Sciences Data Center

Code 633

Goddard Space Flight Center

Greenbelt, MD 20771
Attn: Ralph Post

Dear Ralph,

This is a delivery of 49 CD-WO disks containing an archival copy of the Magellan SCVDR
dataset that has been delivered to NSSDC on 8mm Exabyte tape by the Magellan Project.

This is a collaboration—the original data were generated by Tyler and Simpson at Stanford.
We at MIT have merely taken their files, added PDS labels and catalog templates, and written them
to CD-WO, retaining only the “best and latest” version of each original. Problems with the PDS
labels and CD-WQ format should be addressed to MIT; questions about the binary data should go
to Stanford. This is stated clearly within the AAREADME . TXT files on each disk, but you should
also be aware of it at the NSSDC Request Office.

We are sending catalog information to the PDS Geosciences Node in St. Louis so that these
products can appear in future versions of their Magellan Detailed Level Catalog. I’m enclosing a
simple 3-page description and printed copies of the two SIS documents—one describing the data
files, the other the CD-WO structure—that are recorded on each disk in the files named
SCVDR .ASC and SCVDRCD . ASC (ASCII) and SCVDR.PS and SCVDRCD . PS (PostScript) in the
DOCUMENT directory. Please let us know if you’d like any ancillary information to assist in filling
your own catalogs.

Sincerely,

Dr. Peter G. Ford
Principal Research Scientist

cc: Ray Arvidson, Washington U.
Richard Simpson, Stanford U.
Joan Quigley, MIT 37-602

3
encl: Data description sheet ¢ pages)
SU-MGN-SCVDR SIS v1.0
SU-MGN-SCVDRCD SIS v1.0
CD-WO disks MG_2101-MG_2149
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Data Set Information

Data Set Id : MGN-V-RDRS~-5-SCVDR-V1.0
Processing Level Id : 5

Start Time : 1890-09-15

Stop Time : 1992-09-14

Data Object Type : TABLE

Data S=t Release Date : 1995-01-01

CENTER FCR RADAR ASTRONOMY,
STANFORD UNIVERSITY

Producer Institution Name

Software Flag : N
Detailed Cataleg Flag : N
Processing Start Time : 1990-08-16
Proceszing Stop Time : UNK

Data Set Collection Member Flg : N

Processing Level Description

Derived Data - Derived results, as maps, reports, graphs, etc. NASA
levels 2 through 5.

Data Set Processing

MGN-V-RDRS-2-ALT-EDR-V1.0
MHR

Source Data Set Id
Cognizant Full Name

ae as

Description
The Magellan High-Rate Processing System (MHR) consists of a
Central Database (CDB} and Telemetry Processing Subsystem
(T?S) used to merge Magellan high-rate and subcommutated
engineering telemetry and ancillary data files.

Source Data Set Id
Cognizant Full Name

: MGN-V-RDRS-5-C-BIDR~V1.0

: IDPS

Description
The Image Data Processing Subsystem (IDPS) is a component of the
Multimission Image Processing System {(MIPS}. It reads multiple
fuli-resolution (F-BIDR) Magellan image swaths and merges them
into a variety of mosaics. During this process, it performs a 3-1
compression of the original 75 meter pixels to 225 meter pixels
and saves the result as the Compressed Image Data Record (C-BIDR.)

Assoclated Targets

VENUS

Associated Instruments

Host: MAGELLAN (MGN)
Instrument: RADAR SYSTEM (RDRS)

Parameter Information

Neone.

Data Set Description
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SCVDRCD archive volumes contain Magellan SCVDR (Surface Character-
istics Vector Data Record) archive products that were generated by
Stanford University from Magellan ALT-EDR and C-BIDR products. The
volumes also contain documentation files which describe the SCVDR
data files. Each SCVDR data directory contains data returned from
one orbit, accompanied by ancillary files that describe the data.
The SCVDR files archived on these volumes are the exact praducts
released by the Magellan Project. Supporting documentation and
label files conform to the Planetary Data System (PDS) Standards,
Version 3.0, Jet Propulsion Laboratory (JPL) document JPL D-7669.

Confidence Level Note

The PDS labels on these wvolumes conform to the Data Dictionary
distributed with Release 4.1 of the PDS Toolkit. All TEXT, HEADER,
and TABLE objects obey GENERIC PDS standards, except that some
TABLE objects are not accompanied by sets of COLUMN sub-objects,
in which case format information is included in an accompanying
DESCRIPTION element. The PDS Cataleog files, *.CAT, conform to the
PDS ’'streamlined’ standards introduced in April 1994.

All data files in the data directories were copied directly from
SCVDR product tapes without change, unless otherwise noted in the
ERRATA.TXT file in the ROOT directory.

Reference

Journal: JOURNAL OF GEQOPHYSICAL RESEARCH
Publication Date: 1990-06-10
Reference Key ID: SAUNDERSETAL1%90

Authors
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RAYMOND E. ARVIDSON
W. L. SJOGREN
WILLIAM T. K. JOHNSON

Citation
Saunders, R.S5., G.H. Pettengill, R.E. Arvidson, W.L. Sjogren,
W.T.K. Johnson, L. Pieri, The Magellan Venus Radar Mapping
Mission, Journal of Geophysical Research, 1990, Vol 95, pp.
8339-8335

Reference

Journal: JOURNAL OF GEOPHYSICAL RESEARCH
Publication Date: 1992-08-01
Reference Key ID; TYLER1992

Authors
G. LECNARD TYLER
RICHARD A. SIMPSON
MICHAEL J. MAURER
EDGAR HOLMANN

Citation
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Scattering Properties of the Venusian Surface: Preliminary
Results from Magellan, Journal of Geophysical Research, 97,
13115-13135, 1992
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Available from NSSDC
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