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DOCUMENT CHANGE LOG

‘Revision Date MCR/ER
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A Q)

B
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February 14, 1991 MCR 956

Affected Portions
All (original draft)
Add F-XBIDR (expedited F-BIDR)
§2.2: Revise BIDR size estimate
§2.3.3: Modify source of the orbit & version #s

§3.2.1: Modify "Source EDR" field in the BIDR
Header record

§3.2.1 & 3.2.2: Add F-UBIDR in "Product Name"
and "Product Type" fields

§3.4.1.2.1: Indicate how C1 & C2 increase for
various projections; include NAV Unique ID

3.4.1.2.3: Revise Radiometer record structure

3.4.2.2.2: Removed statement that we would take the
log of single-look complex image pixels (since they
can be <0)

Appendix C: Revise S/C State, Radiometric Comp,
and Frame Parameter sections. Add figure C-1.

Appendix D: Add NAV Unique ID; add "left/right
looking" flag; add "number of looks processed” flag;
correct the size of parameter 5

Appendicies C & D: Renumber several parameters

Appendix F: Revised "Processing Parameter” and
"Description pf Parameters” documents; added
"Algorithm Description” document
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Shorten name of SIS to "F-BIDR SIS"

Additional entry in Change Log for Revision A
New acronyms defined

Refer to the product generically as "F-BIDR"
throughout

§1.3: Revise the references
§2.3.1: Add references.
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labels. Orbit numbers are now required to be five
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§3.4,34.1,34.1.2,35.17, 35.18: Correct radiometer
record lengths

§3.4.1.2.1: Burst counter is non-zero in multi-look
image headers. Depends on EDR.

§3.4.1.2.1: Clarify pixel spacing definition. Add
definition of projection origin latitude. Minor
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§3.4.1.2.1, 3.4.1.2.3, Appendicies C & D: Indicate
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§3.4.1.2.2: Correct bit range of 52-bit time tag
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"pointer”
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§3.4.2.2.1, 3.4.2.2.2: Simplify definition of "filler
pixel". Number of bytes (not pixels) is specified in
header
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processing algorithm

§3.4.2.5: Add items defined in sections 3.4.2.5.1
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§34.25.6: Typo
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pertaining to Cycle 1.

§3.5.2 thru 35.11: Typos
§3.5.14, 3.5.16: "record" becomes "file" (sentence 3)
§3.5.19: Change Processing Monitor Results file

Appendix A: Revised definition of "physical
record". Some definitions deleted. Other minor
changes

Appendix C: Clarify units of time. Clarify
quaternion descriptions. Unit vectors are now

dimensionless. Parameterss 111-128 are now REAL*4.

Clarify annotation of parameters 175-183 and 229-
246. Correct parameter numberingin diagram

Appendix D: Clarify range of longitude values. Unit
vectors are now dimensionless. Clarify units of time.
Other minor changes

Appendix F: Revised "Processing Parameter”
document, and xmit and reciev duration definitions in
"Description of Parameter” document.

Appendix F, page F-32: Revised 'backscatter
constant' used in SDPS as 0.0118 instead of 0.0188.

Appendix C: Clarified usage of Parameters 175
through 183. Added Parameters 301 and 302; and
modified the Spare Byte count accordingly.

§1.3: Revised reference 5.

- §34.1.2.1, §3.4.2.2.1 and §3.4.2.2.2: Clarified

description of orientation of image line.

Appendix C: Corrected mislabelling of parameter 54.

Appendix FB1 under Appendix F.1: Clarified
derivation of the quaternions used in SDPS.

Appendix FB2 under Appendix F.1: Renamed from
previously designated Appendix FB.

Added Appendix F.4 : memo regarding Magellan
Telemetry Data Conditioning.

Added Appendix G: Cycle II specific changes.

1v



F-BIDR Software Interface Specification

D-Ext.1 March 06,1992 MCR 1250

E
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Appendix C: documented a 0.5 degree offset used in
the computation for BIP backscatter coefficient
(parameter 54 of file_16.); '

corrected equation (28) on page F-31 of Appendix F to
reflect a 0.5 degree offset used in the computation of
the backscatter coefficient term f; i.e. f(Ip - 0.5)
instead of f(Ip);

deleted the definition for Im; and added definition
for Ip on page F-32 in Appendix F.

Appendix C: reordering of parameters 65 through 92,
248 - 249, and 252 - 253 to match the F-BIDR file_16.

content:

parameters 65 - 74 changed to 75 - 84 respectively;
parameters 75 - 82 changed to 85 - 92 respectively;
parameters 83 - 92 changed to 65 - 74 respectively;
parameter 248 changed to 249, and vice versa;
parameter 252 changed to 253, and vice versa.

Appendix D: renaming of parameters 2 and 3 in F-
BIDR file_12. from 'Orbit’ start and stop times to
"Mapping' start and stop times.

Appendix C: clarified parameter 165 as MRP
backscatter coefficient and documented a 0.5 degree
offset used in its computation; :

corrected equation (28) on page F-31 of Appendix F on
the backscatter function 'f’; i.e. f(I;-0.5) instead of

f(Ip-0.5); :

deleted the defintion for Ip and re-instated definition
for Im on page F-32 in Appendix F;

corrected the definition for f(I) on page F-32 in
Appendix F to refer to 'Im-0.5' instead of 'Ip-0.5'.

replaced Figures E-1 and E-2 missing form initial
release for Rev. D.

§3.4.2.2.1: Added notation to point outan
implementation error in PSP hardware version 2.
Also added Appendix H to explain impacts of PSP
H/W V2.0 on output imagery.

§3.4.2.2.1: Revised description of 'Multi-look Image
Line Structure’ to clarify two parameters: 'Offset to
first valid pixel' and "Pointer to last valid pixel’;
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also include description of a 4-pixel offset in each of
these two parameters for right-looking orbits.

NA . Appendix F, page 32: Clarified description of
constant K; in equation (28) on page 31-32 of Appendix
F.
LIST OF TBD ITEMS

Section Item Resolution Date
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ANSI
ASClI
AT/CT
BIP
cCsDS
cpi

dB

DCS
DMAS
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DOY
EDR
F-BIDR
F-SBIDR
F-TBIDR
F-UBIDR
F-XBIDR
FFT
GDS

1/0
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JPL

MB
MGN
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MOS
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MSPL
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SAR-EDR
SAR-TEDR
SCET
SFDO
SFDU
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TBD
TDB
TLV

American National Standards Institute
American Standard Code for Information Interchange
Along-Track/Cross Track

- Boresight Intercept Point

Consultative Committee on Space Data Systems
characters per inch (i. e. bytes per inch)
Decibels :

Digital Correlator Subsystem

Data Management and Archive Subsystem

Data Management and Archive Team -

Day Of Year

Experiment Data Record

Full-Resolution Basic Image Data Record
Full-Resolution Special Basic Image Data Record
Full-Resolution Temporary Basic Image Data Record
a test F-BIDR (not an archived product)
Full-Resolution Expedited Basic Image Data Record
Fast Fourier Transform

Ground Data System

Input/Output

Image Data Processing Subsystem

Jet Propulsion Laboratory
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Magellan

Multi-mission Image Processing Laboratory
Mission Operations System
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Most Significant Bit

Multi-mission SAR Processing Laboratory
NASA/JPL (see Glossary)

Output Network Unit
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Radar Engineering Team

SAR Data Processing Subsystem

SAR Data Processing Team
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SAR Experiment Data Record

SAR Temporary Experiment Data Record
Spacecraft Event Time

Standard Formatted Data Object (see Glossary)
Standard Formatted Data Unit (see Glossary)
Software Interface Specification

To Be Determined

Barycentric Dynamical Time

Type Length Value (see Glossary)
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TEDR Temporary Experiment Data Record
uTC - Coordinated Universal Time
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SDPS-101

Full-Resolution Basic Image Data Record

Software Interface Specification

INTRODUCTION

1.1

Content Overview

This Software Interface Specification (SIS) describes the form and content of the Full-
Resolution Basic Image Data Record (F-BIDR). An F-BIDR is a recording on computer-
compatible tape, with an associated copy on Write Once Read Many (WORM) optical
disk, used to convey and archive the full-resolution Magellan SAR image data
produced by the SAR Data Processing Subsystem (SDPS). The SDPS is the Magellan
implementation of the Multi-Mission SAR Processing Laboratory (MSPL).

The F-BIDR contains a copy of the ancillary data provided on the SAR Experiment
Data Record (SAR-EDR), full-resolution image data, the processing parameters used to
produce the image data, the results of analysis procedures applied to selected raw data
and the resulting single-look image data, and the processed radiometer data.

The term "F-BIDR" is used generically throughout this document to refer to all types of
F-BIDRs produced by the SDPS: F-BIDRs, F-TBIDRs, F-SBIDRs, F-XBIDRs, and F-

UBIDRs.

The F-TBIDR results from processing a SAR Temporary Experiment Data Record
(SAR-TEDR), and it has the same structure as an F-BIDR. The spacecraft ephemeris
file appearing on the SAR-TEDR that is used for processing, and is subsequently written
onto the F-TBIDR, is a preliminary version of that file. The SAR-EDR contains the
final version of the spacecraft ephemeris file.

The F-SBIDR results from processing a SAR-EDR or SAR-TEDR, and it has the same
structure as an F-BIDR. Special processing involves the use of alternate files or
procedures from those used in standard F-BIDR processing. Special processing options
are described in section 6.1.2 of ref. [5].

1-1
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The F-XBIDR is derived from an expedited SAR-EDR, which should contain nearly
identical files as the regular SAR-EDR of the same orbit.

‘The F-UBIDR is any test product intended primarily for engineering evaluation. F-

UBIDRSs are not ususally distributed outside of the SDPT.

Section 1 of this document contains general information. Section 2 describes
characteristics of the physical media used for storing BIDRs, and Section 3 specifies
the logical (media-independent) contents of BIDRs.

1.2 Scope
The 5pecifications in this document apply to all F-BIDRs produced during the
Magellan mission.

1.3 Applicable Documents

[1] Software Interface Specification for the SAR Experiment Data Record (SIS
SFOC-1-MHR-MGN-SCIEDR) — Ancillary data file contents.

[2] Recorded Magnetic Tape for Information Interchange (6250 cpi, Group-Coded
Recording) (ANSI X3.54-1976); Magnetic Tape Labels and File Structure for
Information Interchange (ANSI X3.27-1978) — Requirements for magnetic tape
recording formats.

[3] VAX Architecture Handbook (Digital Equipment Corporation, Maynard,

" Massachussetts, 1986) — Number representation.

[4] JPL Standard Formatted Data Unit (SFDU) Usage and Description (JJPL-0006-01-
00, Issue 5, March 7, 1988)

[5] Magellan MOS Requirements, SAR Data Processing Subsystem (SDPS), Rev. B
(VRM-MOS-4-271, June 4, 1991) — F-BIDR content requirements.

[6] Planetary Constants and Models (PD 630-79, Rev. C, April 11, 1988) — Coordinate
system definitions.

[7] SDPS Analysis Program Description Document (PD 630-378, November 2, 1989) —
Description of processing monitor algorithms

{8] SDPS Functional Design Document (PD 630-369, May 4, 1989) — Overview of SDPS
processing software, and high-level file definitions

[9] Spacecraft and Planet Ephemerides SIS (SFOC-2-DPS-CDB-Ephemeris, January 9,
1990) — defines the NAV Unique ID

[10] Magellan Radar Sensor Compensation Report (HS 513-5029, August 18, 1989) —
defines the format of all radar-generated data, and the meaning and intended
usage of radar parameters

[11] VAX/VMS Exchange Utility Reference Manual (Digital Equipment Corporation,
Maynard, Massachussetts, 1990) — Files-11 definition
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INTERFACE CHARACTERISTICS

2.1

2.11

Operations Perspective

Data Source, Destinations, and Transfer Method

F-BIDRs will be generated by the SDPS and written to magnetic tape. At the same
time, a copy will also be written to magnetic disk in the VAX Files-11 format (see ref.
[11]). The computer compatible tapes (CCTs) will be transfered to the DMAT for
archiving; the magnetic disk version will be copied to WORM disk within the Image
Data Processing Subsystem (IDPS), via an electronic link.

2.1.2

Generation Method and Frequency

The SDPS will generate F-BIDRs from data recorded on each Magellan SAR-EDR /
SAR-TEDR. Ancillary data from each EDR shall be copied to the corresponding BIDR.
Data from the EDR will be processed and the resulting image data and radiometer data
shall be recorded in the BIDR. Other information about the processing will also be

recorded in each BIDR.

One F-BIDR will be produced corresponding to each SAR-EDR. Production will occur at
an average rate of 52 F-BIDRs per week.

One F-TBIDR will be produced for each of up to two selected SAR-TEDRs per day.
Production will average five F-TBIDRs per week.

One F-SBIDR will be produced for each special processing request received from the
Data Management and Archive Team. Production will occur at an average rate of nine
F-SBIDRs per week.

One F-XBIDR will be produced for each expedited SAR-EDR. Production w111 occur at
an average rate of two F-XBIDRs per week.

2.2

Volume and Size

A typical F-BIDR will contain approximately 106 million bytes of image data, and
approximately 39 million bytes of ancillary data.
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2.3

23.1

23.2

BIDRs Stored on Tape

Tape Interface Characteristics

F-BIDRs shall be recorded on 2400 foot reels of 6250 characters per inch (cpi) computer-
compatible tape, 9-track magnetic tapes using the 6250 cpi Group Coding Recording
method (known as the GCR format), as specified by the American National Standard
(ANSI) X3.54-1976 (ref. [2]).

Tape F-BIDRs shall contain a sequence of files. Labeling, block and file structure shall
conform to the specifications of ANSI X3.27-1978, Level 3 (ref. [2]). The length of each
physical record shall be 32,500 bytes.

The contents of the files shall conform to the specifications in Section 3 of this
document.

External Tape Labels

Each F-BIDR tape reel shall have affixed a written label that identifies the orbit
number of the SAR-EDR used, and the F-BIDR version number. The label shall be in
the format specified below.

Product Label

F~cBIDR.orbnm;vn

where
c= not used for the F-BIDR
T for the F-TBIDR
'S’ for the F-SBIDR
X for the F-XBIDR
U for the F-UBIDR

The letters 'BIDR' will be followed by a period and the 5-digit orbit number in decimal
(shown as ‘orbnm’). After this will be a semicolon ';' and the 2-digit version number 'vn'
in decimal. Version number '01' indicates an original F-BIDR; the version will be
incremented whenever an orbit (EDR) is reprocessed and a new F-BIDR is released.

For example, the label F-BIDR.00255;02 indicates that data from orbit number 255 was
reprocessed, resulting in a second released F-BIDR for orbit 255.

2-2
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23.3

ANSI Tape Labels

The contents of the fields of the volume (VOL), header 1 (HDR1), header 2 (HDR2),
end-of-file 1 (EOF1), and end-of-file 2 (EOF2) labels used on F-BIDR tapes are given in
the following subsections. All fields in each label conform to the requirements set by
the appropriate ANSI documents [2].
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2.3.3.1 Volume Label (VOL1)

bytes _field name content

1-3 label ID 'VOL'

4 label number 1T .

5-10 volumelID 'Fonumv' for F-BIDR, or
'Tonumv' for F-TBIDR, or
'Sonumv' for F-SBIDR, or
"Xonumv' for F-XBIDR, or
"Uonumv' for a test BIDR

11 accessibility space

12-37 reserved spaces

38-51 ownerlID _ 'SDPS;hver,sver'

52-79 reserved spaces

Notes:

80 label-standard ver. '3

volume ID:

— "onum" is the hexadecimal representation of the orbit number, and is
derived from the Volume Header file of the EDR

—"v" is the hexadecimal representation of the version number, and is
derived from the SDPS Database files

owner ID:

— "hver"” is the (decimal) hardware version number
— "sver” is the (decimal) software version number
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2.3.32

File Header 1 Label (HDR1)

bytes field name content

1-3 label ID 'HDR’

4 label number T

5-21  file ID see table 2.1

22-27 file set ID

28-31 file section number

32-35 file sequence number
36-39 generation number

40-41 generation ver. number

4247 creation date
48-53 expiration date
54 accessibility
55-60 block count
61-73 system code
74-80 reserved

volume ID:

'Fonumv' for F-BIDR, or

'Tonumv' for F-TBIDR, or
'Sonumv' for F-SBIDR, or
"Xonumv' for F-XBIDR, or
"Uonumv' for a test BIDR

'0001'

see table 2.1

instance dependent; same as the run
number from the SDPS Database files
in [8]

instance dependent; same as the release
version number from the SDPS Database files
in [8]

instance dependent; space + 'yyddd'
space + '00000'

space

'000000"

spaces

spaces

— "onum" is the hexadecimal representation of the orbit number, and is
derived from the Volume Header file of the EDR

— "v" is the hexadecimal representation of the version number, and is
derived from the SDPS Database files

creation date:

— "yy" is the last two digits of the year the BIDR was created
— "ddd" is the day of year (1 to 366) the BIDR was created
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2.3.3.3 File Header 2 Label (HDR2)

bytes field name confent

1-3 label ID 'HDR'

4 label number '2'

5 record format ‘F’

6-10  block length '32500"

11-15 record length ‘32500

16-50 reserved spaces

51-52 buffer-offset length '00'

53-80 reserved spaces

2.3.34 End-of-File 1 Label (EOF1)
The EOF1 label is identical in format and content with the associated HDR1 label,
except for the block count field:

55-60 block count instance dependent; the actual number of
physical records written to the tape, excluding
header and trailer label records

2.3.3.5 End-of-File 2 Label (EOF2)

The EOF2 label is identical in format and content with the associated HDR2 label.

2-6
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Table 2.1 — BIDR File Identifiers and File Sequence Numbers

File File # of Trailing File

Name : D Blanks Sequence#  Description

BIDR Header 'FILE_O1' 10 '0001" Summary BIDR Volume Information

File 2 "FILE_02' 10 '0002' Orbit Header

File 3 'FILE_O3' 10 '0003' EDR Data Quality Summary

File 4 'FILE_04' 10 ‘0004’ S/C Ephemeris File (Orbit
Description)

File 5 'FILE_05' 10 0005’ SCLK/SCET Conversion -
Coefficients

File 8 'FILE_06' 10 '0006' DSN Monitor Records

File 7 ‘FiLE_O7" 10 ‘0007 Quaternion Pointing Coefficients

File 8 ‘FILE_08' 10 '0008' Processing Bandwidths

File 9 - 'FiLE_09' 10 ‘0009’ Decommutation & decalibration
data

File 10 ‘FILE_10’ 10 '0010" Engineering Data

File 11 ‘FILE_11° 10 ‘0011’ Radar Header Records

File 12 ‘FILE_12' 10 '0012' Per-orbit parameters

File 13 'FILE_13' 10 '0013' Image Data in oblique sinusoidal
Projection .

File 14 'FILE_14' 10 ‘0014’ Processing Parameters for oblique
sinuscidal Data

File 15 'FILE_15' 10 ‘0015’ Image Data in Sinusoidal Projection

File 16 'FILE_16' 10 0016 Processing Parameters for
Sinusoidal Data

File 17 ‘FILE_17' 10 '00177 - Processed Radiometer Data

File 18 ‘FILE_18' 10 ‘0018’ Cold-Sky Calibration Results

File 19 'FILE_19’ 10 '0019' Processing Monitor Results

BIDR Trailer 'FILE_20' 10 ‘0020 Additional BIDR Volume Information

24

24.1

BIDRs Stored on Magnetic Disk

Subdirectory Label

Each F-BIDR will be contained in one and only one VAX Files-11 disk subdirectory
when written to disk by the SDPS. Subdirectory names have the following format:

<t>_<orbnm>_<vn>
where

t = 'F for an F-BIDR
T" for an F-TBIDR
'S' for an F-SBIDR
'X' for an F-XBIDR
U for a test BIDR

orbnm = a five-character, zero-filled, right-justified representation of the orbit
number in decimal

2-7
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vn = a two-character, zero-filled, right-justified represehtation of the release
version number in decimal

("<" and ">" are used to delimit fields, and are not counted as characters)

For example, an F-BIDR containing results of the second attempt to process orbit 951
would have a VAX Files-11 disk subdirectory named 'F_00951_02'.

24.2

Subdirectory Structure

When an F-BIDR is written to disk by the SDPS, each file on the BIDR will be written
as one and only one file in VAX Files-11 format. File names are identical to the "File
ID" used in Table 2.1 above, except trailing blanks are not used. No VAX file type
number is assigned to the files. The VAX file version number will always be "1", since a
new directory will be created for each attempt at processing a given orbit.

As an example, the Processing Bandwidths file would be named "FILE_08.;1"; that is,
the value found in the "File ID" column of Table 2.1, followed by a period, followed by
a semicolon, and then by the number "1". '

2.5

Duplicate Copies

The SDPS will produce one master tape BIDR from each EDR, and one magnetic disk
copy that will be retrieved by the IDPT and copied to WORM disk.
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F-BIDR CONTENT AND FORMAT

This section gives a detailed description of the format and contents of an F-BIDR.

Recent versions of the JPL Standard Formatted Data Unit (SFDU) concept are defined
in ref. [4]. The structural conventions used in the F-BIDR are an attempt to be
consistent with the SFDU concepts described in those documents. The reader is directed
to those documents for further insight into the SFDU concept.

The specifications in this SIS take precedence over current and future SFDU
requirements.

ANSI volume and file labels are specified in the appropriate ANSI documents [2]. The
contents of each field of the ANSI volume and file labels are described in section 2.3.3

above. -
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3.1

3.1.1

General Characteristics

Structure Overview

The following material provides a brief overview of the structures used in constructing
an F-BIDR. These structures are specified in detail in Sections 3.2 through 3.5.

All of the F-BIDR data corresponding to one orbit are recorded on a single reel of 6250
cpi computer-compatible tape, and in a separate VAX Files-11 disk subdirectory. The
data are recorded as a sequence of files containing SFDU records.

The VAX disk files will be in the .VAX Files-11 format with fixed length records.

The tape files will be in ANSI standard fixed length record format. All physical
records on tape will be 32,500 bytes in length. For files that are not an integer multiple
of 32,500 bytes in length, the last physical record of the file will be filled with the
ASCII circumflex character ("A", decimal 94) following the data. Each file on a tape
will begin at a physical record boundary.

Each BIDR will contain a header file, a series of data files, and a trailer file. Each
file will consist of data records. This structure is illustrated in the following diagram.

It is assumed that the reader is familiar with ANSI standards.

F-BIDR Volume Structure (File level)

(Beginning of volume})

| |

] BIDR Header File ] - First file in volume
I |

I 1 ‘

I File 2 | - First data file

I |

I _ |

l File 3 | - Second data file

f |

/ / -(more files)

i

I

| BIDR Trailer File - Last file in volume
|

P —

End of data)

BIDR header and trailer files identify the BIDR (by orbit number) and provide
information about how the BIDR is written to tape. The data files contain information
from the Magellan mission.
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3.1.2

Conventions and Terminology
Appendix A contains a glossary of useful terms.
The following notational conventions are used in this specification.

Values are shown in decimal unless otherwise indicated. Single quotes ... are used to
indicate a sequence of ASCII characters, with the leftmost character being the first in
the sequence. In the example below, the 'S' will occupy the first byte of the value field.

String Sample: Example of ASCII 8-bit character-valued field.

length = 6 bytas
value = 'SAMPLE'

A field having an integer value is shown in the example below.

Number Sample: Example of integer-valued field.
length = 2 bytes
value = 47 (unsigned 16-bit integer)

Many values in files 12 through 19 will be represented in DEC VAX single-precision
(F_floating) and double-precision (D-floating) floating-point formats. These number
formats are specified in the VAX Architecture Handbook [3]. For reference, they are
also described in Appendix B of this document. Integer formats used in the BIDRs are
also given in Appendix B.

All latitude and longitude values in this document are in the Venus Body-Fixed Frame
of 1985 (VBF85), specified in the JPL Planetary Constants and Models document [6]. The
expression "wall-clock time" refers to local standard or daylight savings time.
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3.2

BIDR Header and Trailer Files

The first file on an F-BIDR will contain a single SFDU volume header record; the last
file will contain a single SFDU volume trailer record. The BIDR header record
uniquely identifies each BIDR by orbit number and creation time. The BIDR trailer
record delimits and provides other information about the data contained in the BIDR.

3.2.1

BIDR Header Record

The BIDR header record shall be a Consultative Committee on Space Data Systems
(CCSDS) primary (type Z) Standard Formatted Data Object (SFDO) (ref. [4]). It will
begin with a CCSDS primary label. Immediately following the CCSDS label will be
the volume identifier, a keyword secondary header (type K) containing information
identifying the tape. Following the keyword data object is a delimiter block which
serves as a start bracket for the other files on the BIDR. This structure is illustrated in

the following diagram.
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byte #

0-11

12-19

20-31

32-39

40-60

61-87
88-105
106-141
142-160
161-182
183-213
214-242
243-262
263-282
283-312

313-324

325-332

333-351
352-373
374-392

393-408

BIDR Header Record Structure
field

CCSD12000001

|

00000389

r

NJPL1KOOHDOO

-

00000273

-

MAJOR_DATA_CODE=SAR<cr><If>
MINOR_DATA_CODE=corbnm.vn<cr><if>
MISSION_CODE=MGN<cr><if>
TAPE_WRITE_DOY=yr/day-hr:mn:sc.mmm<cr><If>
CRTE_SYS_CODE=MOS<cr>«lf>
CRTE_SBSYS_CODE=SDPS<cr>«if>
TAPE_CRTE_CODE=SDPS;hver.sver<cr><I|f>
TAPE_CRTE_MTHD_NAME=cmethod<cr><If>
TAPE_DENS_NUM=6250<cr><If>
PHYS_REC_LEN=32500<cr><lIf>
DATA_SRC_CODE=SAR_EDR.conumv<cr><lif>

m C - » <

mcrr>»<g<

T CCSD1R000003

L 00000076

\' DELIMITER=SMARKER<cr><lf>
A PRODUCT_NAME=bidr-nm<cr><if>
L TYPE=NJPL11000nnn<cr><«if>

U PROTOCOL=CCSDS<cr><«lf>

E

[ s e e st ety Gttt et e s st e et e e e A et e ‘e e S, At e . . e e Y

The detailed contents of the fields in the header record are specified below.
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CCSDS primary label type (bytes -1 1): Indicates the startof a CCSDS standard data

product.
length = 12 byles . .
i (bytes 12-19): Length of BIDR header record in bytes starting
from byte 20. '
length = 8 bytes
i ifi (bytes 20-31): Indicates a keyword-entry secondary header.
length = 12 bytes

(bytes 32-39): Length in bytes of the volume identifier value

(keyword entry) field.
jength = 8 bytes

The F-BIDR volume header value field will contain the keyword entries shown below.
Keyword entry information consists of uppercase ASCII text with each entry
terminated by a carriage return and line feed ("<cr><If>").

Major data product ID [bytes 40-60]: Indicates SAR data.

length = 21 bytes
i [bytes 61-87]: Indicates an F-BIDR, an F-TBIDR, an F-SBIDR, an F-
XBIDR, or a test BIDR.
length = 27 bytes
"c"= 'F' for an F-BIDR
*c"= T for an F-TBIDR
"c"= 'S’ for an F-SBIDR
*¢c" = 'X for an F-XBIiDR
*c” = 'U' for a test BIDR
- "orbnm" is a five-character, zero-filled, right-justified ASCII representation of the
orbit number in decimal
yn" is a two-character, zero-filled, right-justified ASCII representation of the
version number in decimal
Mission 1D [bytes 88-105]: Mageilan.
length = 18 bytes
Tape write time [bytes 106-141]: BIDR write date/ time (wall-clock time).
length = 36 bytes
Instance-dependent time in DOY format

Tape creator major ID [bytes 142-160]: System (MOS) which writes the tape.

length = 19 bytes .
i [bytes 161-182]: Subsystem (SDPS) which writes the tape.
length = 22 bytes
j [bytes 183-213): SDPS hardware and software version
codes. )

length = 31 bytes
"hver" = instance-dependent SDPS hardware version code; 4 characters
character meaning
1-4 major field; increments by one for each major
hardware update
*sver" = instance-dependent SDPS software version code; 4 characters

character ~  meaning

1-3 major field; increments by one for each majorsoftware
update
4 minor field; increments by one for each minor software

update; rollover is treated as a major update

3-6



F-BIDR Software Interface Specification

37

Tape creation method [bytes 214-242): Non-realtime for BIDRs (i.e. offiine or test).
length = 29 bytes : '
"cmethod™ = 'OFFLINE' for standard processing (F-BIDR, F-TBIDR, F-SBIDR, F-
XBIDR)
*cmethod” = TEST' + 3 spaces (left-justified, space-filled) for a test BIDR.

Tape density [bytes 243-262]: Tape recording density, cpi.
fength = 20 bytes
Maximum record size [bytes 263-282]: Physical record length in bytes.

length = 20 bytes .
Source EDR {bytes 283-312]: Orbit and version number of EDR used to produce this

BIDR. This is derived from the EDR Volume Header file.
length = 30 bytes

"c" = 'S' for a SAR-EDR

"c" = T for a SAR-TEDR

"onum" is a four-character, zero-filled, right-justified ASCII representation of the
orbit number, in hexadecimal.

*v" = a one-character ASCII representation of the EDR version number, in
hexadecimal.

The volume start marker is specified below. Keyword entry information consists of
uppercase ASCII text with each entry terminated by a carriage return and line feed
("<er><l1f>").

CCSDS primary tabel type (bytes 313-324): indicates the start of a CCSDS standard data
product. : '
length = 12 bytes
i (bytes 325-332): Length of volume start marker in bytes
starting from byte 333.
length = 8 bytes .
Delimiter tvpe (bytes 333-351): Indicates that this object is an smarker.
length = 19 bytes
Product name (bytes 352-373): . Indicates that this marker delimits a BIDR.
length = 22 bytes
"bidr-nm" = '‘F-BIDR’ + space (left-justified, space-filled) for an F-BIDR
*bidr-nm" = 'F-TBIDR" for an F-TBIDR
"bidr-nm" = 'F-SBIDR' for an F-SBIDR
*bidr-nm" = 'F-XBIDR' for an F-XBIDR
"bidr-nm" = 'F-UBIDR’ for an F-UBIDR
Product type (bytes 374-392): Gives the numeric type code for a BIDR.
length = 19 bytes
"nnn" = 104" for an F-BIDR
"nnn" = 105’ for an F-TBIDR
"nnn" = "106’ for an F-SBIDR
"nnn" = 107" for an F-XBIDR
"nnn" = '108' for an F-UBIDR
SEDU Protocol (bytes 393-408): SFDU Authority code.
length = 16 bytes

322

BIDR Trailer Record

The F-BIDR trailer record shall be a CCSDS primary (type Z) SFDO. It will begin
with a CCSDS primary label identical to that in the BIDR header record. Following
the CCSDS label will be the volume trailer, a keyword secondary header (type K)
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40-74

75-86

87-94

95-113

114-135

containing additional cataloguing information. Following the keyword data object is a
delimiter block which serves as an end bracket for the other files on the BIDR. This is

illustrated in the following diagram.

BIDR Trailer Record Structure A
field

| | |
| T | CCSD12000001 |
| | |
| I
| L | 00000116 |
I | 1
I |
|V | T | NJPL1KOOHDOO I
I ! L
A I
| | L] 00000035 |
| L | | |
I I
A |
| E | L | TAPE_CLSD_DOY=yr/day-hr:mnisc.mmm<cr><if> |
| U | |
| JE | |
I — |
I I
[ [ T | CCSD1R000003 |
I S— |
I |
I | L | 00000041 |
I — |
I I
| IV |
| | A | DELIMITER=EMARKER<cr><If> |
| L | |
| |U | PRODUCT_NAME-=bidr-nm<cr><lf> |
| | E | ' -
| | I I

The contents of the fields in the BIDR trailer record are specified below.
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CCSDS primary label type (bytes 0-11): Indicates a CCSDS standard data product.
length = 12 bytes :
CCSDS primary label length (bytes 12-19): Number of bytes in volume trailer record
' starting from byte 20. ’
length = 8 bytes '
Yolume trailer type (bytes 20-31): Indicates a volume trailer containing keyword entry
data.
length = 12 bytes
i (bytes 32-39): Length in bytes of volume trailer value field.

length = 8 bytes

The F-BIDR volume trailer value field will contain the keyword entry shown below.
Keyword entry information consists of uppercase ASCII text with each entry
terminated by a carriage return and line feed ("<cr><If>").

Yolume-closed time (bytes 40-74): Wall-clock time at end of processing.
length = 35 bytes .
Instance-depepndent time in DOY format

The volume end marker is specified below.
CCSDS primary Iabel type (bytes 75-86): Indicates the start of a CCSDS standard data

product.
length = 12 bytes
CCSDS primary label length (bytes 87-94): Length of volume end marker in bytes starting
from byte 95.
length = 8 bytes
Delimiter type (bytes 95-113): Indicates that this object is an emarker.
length = 19 bytes
Product name (bytes 114-135): Indicates that this marker dellmns a BIDR.
length = 22 bytes
"bidr_nm" = 'F-BIDR' + space (left-justified, space-filled) for an F-BIDR
"bidr_nm" = 'F-TBIDR' for an F-TBIDR
"bidr_nm" = 'F-SBIDR' for an F-SBIDR
"bidr_nm" = 'F-XBIDR' for an F-XBIDR
"bidr_nm" = 'F-UBIDR’ for an F-UBIDR
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3.3

Data Physical Records

All data physical records on tape will be 32,500 bytes in length.

Bytes will be written to the BIDR in the numerical order specified in this SIS,
beginning with the lowest-numbered byte of each field, block, header, record, or file.
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34

byte #
0-11
12-19

20-end of
logical
record

Logical Records

The definitions in this Section apply to all data contained within Files 12 through 19
of each F-BIDR. Five types of F-BIDR logical records are defined:

* per-orbit parameter records — contain parameters used in processing that are
constant for the entire orbit

» image data records — contain image data

* processing parameter records — contain parameters used in generating the
image data

¢ radiometer data records — contain processed radiometer data

* processing monitor records — contain data quality information

Data in the BIDR Header and Trailer files are described in Section 3.2. Data in Files 2
through 11 are copied from the SAR-EDR / SAR-TEDR, and the contents of those files
are specified (or defining documents are referenced) in the SAR-EDR SIS [1].

Each BIDR logical record (with the exception of the BIDR Header and BIDR Trailer
records) consists of a primary header and its value field. The primary header consists
of a type field and a length field. The value field of each record consists of a secondary
header and a data block.

Logical Record Structure
field

I | |
| T | NJPL1i000nnn |
{ ! |
! I I
L] nnnannnn |
| | !
| V] I
| A | Secondary header |
| L | ]
U | |
| E | Data block |
l ] |

F-BIDR logical record primary headers shall consist of an NJPL type I label, as
illustrated below. , '
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NJPL primary label type (bytes 0-11): Indicates an NJPL logical record (ASCHi length
fisld).
length = 12 bytes , ]
"nnn" = 104’ for all F-BIDR records

*nnn" = 105" for all F-TBIDR records
*nnn" = *106 for all F-SBIDR records
"nnn" = 107 for all F-XBIDR records
*nnn" = 108 for all F-UBIDR records

NJPL primary label langth (bytes 12-19): Number of bytes in this logical record, starting

with byte 20.

length = 8 bytes ’

value = ‘00000520’ for per-orbit parameter records
instance-dependent - for image data records
'00001295"' for processing parameter records
‘00000108’ for processed radiometer data records
‘00020452’ for processing monitor records

(8 ASCII characters)

The secondary header is defined in section 3.4.1, and the data block is discussed in
section 3.4.2. The first byte in the data block of a given record immediately follows the
last byte in the secondary header of that record.

34.1

byte #

0-1

2-3

4-end of
secondary
header

The Secondary Header

The secondary header consists of a type field, a length field, and a value field. The
value field includes the orbit number and an annotation block, which contains ancillary
data that helps to identify the contents of the data block following the secondary
header.

Secondary Header Structure

field

BIDR secondary label type

BIDR secondary label length

Orbit number

mcrr»<| r

Annotation block

fom e e e e
——— ———_—— e —_—— —_—_—
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F-BIDR logical record secondary headers shall consist of a type field and a length
field, followed by a value field containing the orbit number and the annotation block.

BIDR secondary label type (bytes 0-1): Indicates the type of annotation label.

length = 2 bytes

value = 1 for per-orbit parameter records
2 for image data records
4 for processing parameter records and processing monitor records
8 for processed radiometer data records

(unsigned 16-bit integer)

BIDR secondary label length (bytes 2-3): Number of bytes in secondary header starting

with byte 4.
length = 2 bytes
value = 4 for per-orbit parameter records
68 for image data records
11 for processing parameter records and processing monitor records
92 for processed radiometer data records

(unsigned 16-bit integer)

3.4.1.1 Orbit Number
Orbit Number Structure
byte # field
I v I
0-1 | Orbit number |
|- ) |

The orbit number indicates the orbit during which the data used to create this record
was collected. (For test BIDRs, this field will contain the test number.)

Orbit number (bytes 0-1): For F-BIDR logical records, value will be the same as the EDR
(TEDR) orbit number in the orbit header record.
length = 2 bytes
value = instance-dependent (unsigned 16-bit integer).
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3412 Annotation Block
A.nnotaﬁon Block Structure

byte # ) field
| | |
0 | T | Data class |
| | 1
| l
1 ! L | Data annotation label length |
| | A
| ! |
2-end | V | Data annotation label (IF ANY) |
| | 1

The data class indicates what kind of data is in the data field of the logical record —
per-orbit parameters, image data or processing parameters in sinusoidal or oblique
‘sinusoidal projection, radiometer data from the antenna pointed at the planet or at the
cold-sky region, or processing monitor data.

Data class (byte 0): Indicates the kind of data in this logical record.

jength = 1 byte

value = 1 for per-orbit parameters
2 for image data, sinusoidal projection, multi-look
34 for image data, sinusoidal projection, single-look
66 for image data, oblique sinusoidal projection, muti-look
98 for image data, oblique sinusoidal projection, single-look
4 for processing parameters, sinusoidal projection
68 for processing parameters, oblique sinusoidal projection
8 for processed radiometer data
40 for cold-sky calibration data
16 for processing monitor records

(unsigned 8-bit integer)
Data annotation label length (byte 1): Number of bytes in the data annotation label,

starting with byte 2.
length = 1 byte
value =0 for per-orbit parameter records
64 for image data records
7 " for processing parameter records and processing monitor records
88 for processed radiometer data records

(unsigned 8-bit integer)

The data annotation label contains reference information about the data field, which
follows immediately after the annotation block:
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* There is no data annotation label for per-orbit pfocessing parameter records.

* For image data records, it contains information regarding the location and
dimensions of the image data.

* For processing parameter records and processing monitor records, it contains a
value relating each set of parameters to the corresponding SAR burst.

* For processed radiometer data records, it contains information regarding the
location on the planet of the antenna footprint, and parameters used to
calculate the radiometer results.

34.1.21

Data Annotation Label — Image Data Records

In order to make it easier to compare the sinusoidal image data of different orbits, the
equator of Venus has been divided into pixels, each of which covers 360 / (6051*2*  /

0.075), or ~7.1016*104, degrees of longitude. One pixel is centered at 0° longitude, and
subsequent pixels are centered every 7.1016*10~ degrees eastward.

For sinusoidal image data, the projection origin longitude given in the Data Annotation
Label specifies the longitude at which the subsatellite point intersects the planet
equator, adjusted to the nearest multiple of 7.1016*104 degrees (longitude is always
positive). Thus for sinusoidal data, the projection origin longitude of any orbit can be
offset by an integral number of 75-meter pixels from the projection origin longitude of -
any other orbit.

The projection origin latitude for sinusoidal data is always the equator (0°).

The reference point is at the center of the first pixel in the first line of the image data
record. The reference point is offset from the projection origin longitude and latitude by
an integral number of 75-meter pixels.

For sinusoidal image records, the image line in which the reference point is centered
has the greatest Coordinate-1 value; for oblique sinusoidal image records, it has the
smallest Coordinate-1 value. (See Appendix E for discussion of coordinates.)

The pixel in which the reference point is centered always has the smallest Coordinate-
2 value. :

The orientation of each image line in the sinusoidal projection is such that the first pixel lies
the furthest to the west.

The following diagram illustrates the structure of the image data annotation label.
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Data Annotation Label Structure - Image Data Records

byte # field name

I |

0-3 | Image linecount | Image line length |
l : |
I L I

4-7 | Projection origin latitude [
' |
I

8-11 ! Projection origin longitude ]
| |
| L I

12-15 |} Reference point latitude |
| |
I

16-19. | Reference point longitude |
I |
| ,, |

20-23 | Reference point offset in lines A
| ' I
I : - I

24-27 | Reference point offset in pixels |
l |
| I

28-31 | Burst counter |
| |
|

32-63 | NAV Unique ID |
I I

Image data record data annotation label values are specified below.

Image Line Count (bytes 0-1): Number of image lines in the record.

length = 2 bytes
value = Instance-dependent (unsigned 16-bit integer)

Image Line Length (bytes-2-3): Number of bytes in each image line in data portion of
record, including the offset to the first valid pixel, the pointer to the last valid
pixel, and all of the data pixels, in bytes.

length = 2 bytes
value = Instance-dependent (unsigned 16-bit integer)

Projection Qrigin Latitude (bytes 4-7): Latitude (in °N) of the origin of the projection
system used. For sinusoidal data, this is always 0°. For oblique sinusoidal data,
this is the latitude of the origin of the oblique sinusoidal system, and will vary with
each orbit.

length = 4 bytes

value = 0.0 for sinusoidal data;
Instance-dependent for oblique sinusoidal data (Single-precision floating-point;
format described in Appendix B).

Projection Qrigin Longitude (bytes 8-11): Longitude (in °E from 0 to 360) of the origin of
the projection system used. For sinusoidal data, this is the longitude at which
the subsatellite point intersects the planet equator, adjusted to the nearest
multiple of 75 meters with respect to a pixel centered at 0° longitude. For oblique
sinusoidal data, this is the longitude of the origin of the oblique sinusoidal
system, and will vary with each orbit.

length = 4 bytes



F-BIDR Software Interface Specification

value = Instance-dependent (Single-precision floating-point; format described in
Appendix B). '

Beference Point Latitude (bytes 12-15): Latitude (in °N) corresponding to the center of the

first pixel in the first image line of the record.

iength = 4 bytes

value = Instance-dependent (Single-precision floating-point; format described in
Appendix B).

Beference Point Longitude (bytes 16-19): Longitude (in °E from 0 to 360) corresponding

to the center of the first pixel in the first image line of the record.

fength = 4 bytes

value = Instance-dependent (Single-precision floating-point; format described in
Appendix B) _

Reference Point Offset in Lines (bytes 20-23): This gives the Coordinate-1 value of the
reference point (see Appendix E). For the sinusoidal projection, this is the
number of 75-meter lines from the projection origin latitude to the first image line
in this record; for oblique sinusoidal projection, the number of 75-meter lines from
the great circle passing through the oblique sinusoidal origin and the pole to the
first image line.

length = 4 bytes
value = Instance-dependent (32-bit signed integer)

Beference Point Offset in Pixels (bytes 24-27): This gives the Coordinate-2 value of the
reference point (see Appendix E). For the sinusoidal projection, this is the
number of 75-meter pixels from the projection origin longitude to the first pixel of
the first image line in this record; for oblique sinusoidal projection, the number of
75-meter pixels from the nadir track to the first pixel of the first image line.

length = 4 bytes
vaiue = Instance-dependent (32-bit signed integer)

Burst counter (bytes 28-31): Burst counter of the burst associated with this image record.
Note that the burst count depends on the number of bursts on the EDR, and is
not absolute. If an EDR is reprocessed, its BIDR burst numbering may differ from
that used in the original BIDR.

length = 4 bytes
value = Instance-dependent (unsigned 32-bit integer).

NAV Unigue ID (bytes 32-63): Copied from the Catalog and History Data portion of the
Spacecraft Ephemeris file SFDU (see ref. [9]). A 32-byte ASCII character string
used to identify the NAV solution used to produce the Ephemeris file on the EDR.
Will contain 32 blanks for F-SBIDRs which do not use the Ephemeris file.

value = instance-dependent (32 byte character string)

3.4.1.2.2

Data Annotation Label — Processing Parameter and
Processing Monitor Records

A processing parameter record contains the parameters used to process one SAR burst. A
processing monitor record contains data quality information for a selected burst from
each Processing Monitor file batch. ‘

Both types of records have annotation blocks containing the time message from the
radar burst header, as illustrated below. The data annotation label uniquely identifies
the burst to which the record applies.

317
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Data Annotation Label Structure — Processing Parameter and

Processing Monitor Records
byte # field name
| I
0-6 | Radar burst ID |

Badar burst ID (bytes 0-6): 52-bit time field from SAB header for this burst (uniguely
identifies the burst).
length = 7 bytes
value = Instance-dependent . The 52 least significant bit positions of the 7 bytes will
contain the value of the spacecraft time field of the SAB header (bits 268-319 of
the header, counting from 0); the 4 most significant bits of the 7 bytes wiil be
zero. The format of the SAB header is specified in ref. {10].

3.4.1.23 Data Annotation Label — Processed Radiometer Data
Records

The following diagram illustrates the structure of the processed radiometer data
annotation label.
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Data Annotation Label Structure — Processed Radiometer Data Records

byte # field name

| I

0-7 | SCET I
| |

8-11 | Latitude / Q1 |
| |

1215 | Longitude / Q2 |
: |
16-19 | Incidence angle / Q3 |
| ;
20-23 | Terrain elevation / Q4 |
| |
24-27 | Spacecraft position X-coordinate |
| —|

. 28-31 | Spacecraft position Y-coordinate |
| |

3235 | Spacecraft position Z-coordinate )
| |
36-39 | Receiver gain factor |
| |
40-43 | Receiver temperature |
| |

44-47 | Signal-to-sensor input temp cosfficient a |
: —
48-51 | Signal-to-sensor input temp coefficient b |
| |
52-55 | Signal-to-sensor input temp coefficient ¢ |
| ’ |

56-59 | Sensor input noise temperature |
| |

60-63 | Cable segment 1 temperature |
| |
64-87 | Cable segment 2 temperature ]
| :
68-71 | Cable segment 3 temperature }
| » |

I

72-75 | Cable segment 4 temperature |
I !

(continued)
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76-79 Cable segment 5 temperature

80-83 Atmospheric emission temperature

84-87 Atmospheric attenuation factor

88-91

92-95

96-99

100-103

104-107

108-111

Processed radiometer data record annotation block values are specified below.

SCET (bytes 0-7): SCET at mid-point of radiometer measurement in TDB seconds since
Epoch 2000.
length = 8 bytes
value = Instance-dependent (VAX double precision floating point number; see Appendix
B) -

Latitude / Q1 (bytes 8-11): Latitude (degrees North) of Boresight-Intercept Point (BIP) at
the radiometer measurement time. For cold-sky calibration measurements, this
field will contain the quaternion Q1, as defined in [6].

length = 4 bytes
value = Instance-dependent (Single-precision floating point; format described in
Appendix B)

Longitude / Q2 (bytes 12-15): Longitude (degrees East from 0 to 360) of BIP at the
radiometer measurement time. For cold-sky calibration measurements, this field
will contain the quaternion Q2, as defined in [6].

length = 4 bytes
value = Instance-dependent (Single-precision floating point; format described in
Appendix B).

Incidence angle / Q3 (bytes 16-19): Angle between the incident radar beam and the radial
vector to the point of incidence at the surface, in degrees. For cold-sky
calibration measurements, this field will contain the quaternion Q3, as defined in
(1.

length = 4 bytes
value = Instance-dependent (Single-precision floating point; format described in
Appendix B).
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Terrain elevation / Q4 (bytes 20-23): Elevation in meters of the planet surface above the
nominal sphere of 6051 km radius at the BIP. For cold-sky calibration
measurements, this field will contain the quaternion Q4, as defined in [6).

iength = 4 bytes ’
value = Instance-dependent (Single-precision floating point; format described in
Appendix B).

Spacecraft position X-coordinate (bytes 24-27): Spacecraft position vector X-component
in meters in the planet centered J2000 inertial coordinate system. .

length = 4 bytes :
value = Instance-dependent (Single-precision floating point; format described in
Appendix B)

Spacecraft position Y-coordinate (bytes 28-31): Spacecraft position vector Y-component
in meters in the planet centered J2000 inertial coordinate system.

length = 4 bytes
value = Instance-dependent (Single-precision floating point; format described in
Appendix B)

Spacecraft position Z-coordinate (bytes 32-35): Spacecraft position vector Z-component
in meters in the planet centered J2000 inertial coordinate system.

length = 4 bytes
value = Instance-dependent (Single-precision floating point; format described in
Appendix B)

Beceiver gain factor (bytes 36-39): Recsiver gain factor derived from the SAB header and

a lookup table.

length = 4 bytes

value = Instance-dependent (Single-precision floating point; format described in
Appendix B) :

Beceiver temperature (bytes 40-43): Telemetry-derived physical temperature of the
- receiver, in degrees Kelvin.

length = 4 bytes

value = Instance-dependent (Single-precision floating point; format described in
Appendix B). .

Signal-fo-sensor input temp coefficient a (bytes 44-47): Second-order polynomial
coefficient applied to the difference of the raw radiometer data and calibration
values, to give an estimate of the sensor input noise temperature. In degrees
Kelvin. (The radiometer algorithm is described in Appendix B of [5].)

length = 4 bytes
value = Instance-dependent (Single-precision floating point; format described in
Appendix B).

Q- i ici (bytes 48-51): First-order polynomial coefficient
applied to the difference of the raw radiometer data and calibration values, to
give an estimate of the sensor input noise temperature. In degrees Kelvin,

length = 4 bytes
value = Instance-dependent (Single-precision floating point; format described in
Appendix B). _

Signal-to-sensor input temp coefficient ¢ (bytes 52-55): Zero-order polynomial coefficient
applied to the difference of the raw radiometer data and calibration values, to
give an estimate of the sensor input noise temperature. In degrees Kelvin.

length = 4 bytes
value = Instance-dependent (Single-precision floating point; format described in
Appendix B).

Sensor input noise temperature (bytes 56-59): Observed temperature at the receiver, in

degrees Kelvin,

length = 4 bytes '

value = Instance-dependent (Single-precision floating point; format described in
Appendix B).
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(bytes 60-63): Temperature in degrees Kelvin of the first
segment of cable between the antenna and the radar.

length = 4 bytes
value = Instance-depandent (Single-precision floating point; format described in

Appendix B).
Cable segment 2 temperature (bytes 64-67): Temperature in degrees Kelvin of the second

segment of cable between the antenna and the radar.

length = 4 bytes
value = Instance-dependent (Single-precision floating point; format described in
Appendix B).

Cable segment 3 temperature (bytes 68-71): Temperature in degrees Kelvin of the third
segment of cable between the antenna and the radar
length = 4 bytes
value = Instance-dependent (Single-precision floating point; format described in
Appendix B).

Cable segment 4 temperature (bytes 72-75): Temperature in degrees Kelvin of the fourth
segment of cable between the antenna and the radar.
length.= 4 bytes
value = Instance-dependent (Single-precision floating point; format described in

Appendix B).
Cable segment 5 temperature (bytes 76-79): Temperature in degrees Kelvin of the fifth

segment of cable between the antenna and the radar.

length = 4 bytes

value = Instance-dependent (Single-precision floating point; format described in
Appendix B). .

Cable segment 1 loss (bytes 80-83): Loss due to the first segment of cable between the

antenna and the radar. Unitless.

length = 4 bytes

value = Instance-dependent (Single-precision floating point; format described in
Appendix B). )

Cable segment 2 loss (bytes 84-87): Loss due to the second segment of cable between

the antenna and the radar. Unitless.

length = 4 bytes

value = Instance-dependent (Single-precision fioating point; format described in
Appendix B).

Cable segment 3 loss {bytes 88-91): Loss due to the third segment of cable between the

antenna and the radar. Unitless.

Jength = 4 bytes

value = Instance-dependent (Smgle-prec:s:on floating point; format described in
Appendix B).

Cable segment 4 loss (bytes 92-95) Loss due to the fourth segment of cable between the

antenna and the radar. Unitless.

length = 4 bytes -

value = Instance-dependent (Single-precision floating point; format described in
Appendix B).

Sabla segment § loss (bytes 96-99): Loss due to the fifth segment of cable between the

antenna and the radar. Unitless.

length = 4 bytes

value = Instance-dependent (Single-precision floating point; format described in
Appendix B).

Atmospheric emission temperature (bytes 80-83): Table-denved estimate of the
temperature of Venus' atmosphers, in degrees Kelvin. Will be 0 for cold sky
radiometer records.

length = 4 bytes
value = Instance-dependent (Single-precision floating point; format described in

Appendix B).
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Atmospheric attenuation factor (bytes 84-87): Coefficient uéed to adjust the observed

antenna temperature to remove the effects of pointing through the atmosphere.
Unitless. Will be 0 for cold sky radiometer records.

length = 4 bytes

value = Instance-dependent (Single-precision floating point; format described in
Appendix B).

- (bytes 108-111): Calibration temperature in degrees

Kelvin derived from prior cold-sky measurements, which is subtracted from the
observed antenna temperature to remove bias.

length = 4 bytes
value = Instance-dependent (Single-precision floating point; format described in
Appendix B).
3.4.2 Data Block Formats
The first byte of each data block in a record immediately follows the last byte of the
secondary header in that record. ,
The five types of data blocks, corresponding to the five types of logical records, are
discussed in the following sections: .
* per-orbit data blocks : § 3.4.2.1
* image data blocks - §34.22
* processing parameter data blocks § 34.2.3
* processed radiometer data blocks §34.24
* processing monitor data blocks § 34.25
34.2.1 . Data Block — Per-Orbit Parameter Records

The following specifications apply to F-BIDR per-orbit parameter records.

The data block of a per-orbit parameter record shall be 512 bytes long and consist of 42
parameters numbered (not surprisingly) 1 through 42, plus spares. Parameters size
varies from four to 32 bytes. These parameters are used for processing, and are constant
for the orbit corresponding to the BIDR. A list of the per-orbit parameters appears in
Appendix D of this document.
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Data Block .Structure — Per-orbit Parameters Records

field name

Parameter-1

Parameter-2

Parameter-42

Spares

3.4.2.2 Data Block — Image Data Records

The following specifications apply to every single-look and multi-look image data
record in each F-BIDR. '

The data block of an image data record consists of one or more image lines, as shown in
the following diagram.

Data Block Structure — Image Data Records

Image line 1

Image line 2

Image line N

The annotation block contains the latitude and longitude of the first pixel location (not
the first valid pixel) in the first image line. Other parameters included in the
annotation block are described in section 3.4.1.2.1 above. The coordinate systems used
are specified in Appendices E and F. '

The number of image lines and the number of pixels per line can vary from burst to burst,
but is fixed for any given burst. The number of image lines in the data block is recorded
in the annotation block, as is the number of bytes (total of offset, pointer, and pixel
bytes) in each line.
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For Standard, Temporary, and Expedited BIDRs, the maximum number of image lines in a
record is 700, and the maximum number of pixels in a line is 512. Special BIDRs (S-BIDRs) can
have more than the above-specified number of lines and/or pixels per line. The maximum
number of bytes in an image data record is estimated to be 528,476 (including the SFDU header).

Each image line has the following structure:

e Offset to (# bytes to but NOT including) the first valid pixel in line
e Pointer to (# bytes to AND including) the last valid pixel in line
* Image data consisting of:

- 0 or more substandard or filler pixels

- 0or more valid pixels

- 0 or more substandard or filler pixels

The terms "valid”, "substandard”, and "filler" as applied to pixels are defined in the two
sections which follow.

3.4.2.2.1

Multi-look Image Data Lines

In multi-look image data, a "valid" pixel incorporates at least the prescribed minimum number
of looks (which is four). "Substandard” pixels incorporate at least one but fewer than the
prescribed minimum number of looks. “Filler" pixels incorporate zero looks, and are generated
by the SDPS as necessary to ensure proper pixel alignment.

An image line begins with two 16-bit fields: an offset to the first valid pixel in the line, and a
pointer to the last valid pixel in the line. The offset to the first valid pixel gives the number of
pixels from the first pixel to (but NOT including) the first valid pixel in the line. The pointer
to the last valid pixel gives the number of pixels from the first pixel to (AND including) the
last valid pixel in the line.

The offset and pointer of the first line in each image block are COPIED FROM THE SECOND
LINE IN THE BLOCK, and are not generated using data from the first line. (This is due to a
problem in the processor hardware. The real values of the offset and pointer can't be recovered,
since the number of looks per pixel is not passed out of the hardware. It is assumed that the -
offset and pointer from line 2 are the best estimators of the true values for line 1.)

The rest of the image line consists of 8-bit pixel values (one byte per pixel). The number of bytes
(total of offset, pointer, and pixel bytes) is specified in the annotation block.

The orientation of each image line in the sinusoidal projection is such that the first pixel lies
the furthest to the west.

Multi-look pixel values are in units of normalized radar backscatter coefficient given in
decibels, represented in an 8-bit data number format. This 8-bit value is obtained by dividing
the radar cross-section value (the result of the SAR processing) by the corresponding value in
the backscatter coefficient model (defined in the MGN SDPS Functional Requirements [5]).
This ratio is converted to decibels and quantized using a step size of 0.2 dB, and values from -20
dB to +30 dB are represented using data numbers 1 through 251:
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(min[ max( RV, 20.0 ), 30.0] + 200 + 923)
DN = 1 + 0 2 ...................... (‘,)

where

DN = data number
RV = 8-bit radar value in decibels
INT = next integer smaller than or equal to the floating point value

A real zero (or processor underflow) will result in DN = 0. This is the case for filler data. In
rare cases (on the order of 10 times per mapping cycle), A ZERO MAY APPEAR IN VALID DATA.
Data numbers 252 through 255 are not used.

* Note: An implementation error in PSP hardware version 2.0 adversely affected a number of F-
BIDRs. Please refer to Appendix H for more detail.
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Multi-look Image Line Structure

byte # field name

| |
0-1 | Offset to first valid pixel |
| |
2-3 | Pointer to last valid pixel |
I |
I [
4 | Pixel Value 1 I
| |
5 | Pixel Value 2 |
| I
'. !
i |
| . |
M+3 | Pixe! Vaiue M |
I [

Qffset to first valid pixel (bytes 0-1): This parameter is aiso known as 'P1'. It is defined as

the offset in number of pixels from the very first pixel in the image lina to the first
‘valid' pixel incorporating at least the prescribed number of looks (nominally four).
For right-looking orbits, this is the offset in number of pixels from the very first
pixel in the image line to the first ‘valid’ pixel incorporating at least the prescribed
number of looks (nominally four) plus 4 pixels.

length = 2 bytes

value = Instance-dependent (unsigned 16-bit integer)

For example:
«  for a left-looking orbit range line with P1 = 5 and P2 = 505; or,
a right-looking orbit range line from the PSP with P1 = 9 and P2 = 509;

BYTE # 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 508 509 510 511 512 513 514 515 516
(el 111 EEEREL A 111 11
PIXEL #: 2 02 03 04 05 06 07 08 09 10 11 504 505 506 507 508 509 510 511 512
‘ln PIXEL 18t LAST
‘VALID' ‘VALID’
PIXEL PIXEL

NOTES: dsnotes "VALID' PIXEL

Pointer to last valid pixel (bytes 2-3): This parameter is also known as 'P2'. It is defined as
the pixel count starting with the very first pixel in the image fine to and including
the last ‘valid’ pixsl in the image line incorporating at least the prescribed number

. of looks (nominally four). _ ’
For right-looking orbits, this is the pixel count starting with the very first pixel in
the image line to and including the iast ‘valid' pixel in the image line incorporating
at least the prescribed number of looks (nominally four) plus 4 pixels.
length = 2 bytes .
value = Instance-dependent (unsigned 16-bit integer)
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lSee example shown above.

Pixel Valye:
length = 1 byte v
value = Instance-dependent (8-bit data number defined above)

3.4.2.2.2

Single-look Image Data Lines

In single-look image data, a "valid" pixel incorporates one look. "Filler" pixels
incorporate zero looks, and are generated by the SDPS as necessary to ensure proper
pixel alignment. There are no "substandard"” pixels in single-look image data.

A single-look image line begins with two 16-bit fields: an offset to the first valid pixel
in the line, and a pointer to the last valid pixel in the line. The offset to the first valid
pixel gives the number of pixels from the first pixel to the first valid pixel in the line.
The pointer to the last valid pixel gives the number of pixels from the first pixel to and
including the last valid pixel in the line.

The rest of the image line consists of 64-bit complex pixel values, in which the first four
bytes form the real part of the pixel value, and the second four bytes are the imaginary
part (eight bytes per pixel). The number of bytes (total of offset, pointer, and pixel
bytes) is specified in the logical record secondary header.

The orientation of each image line in the sinusoidal projection is such that the first pixel lies
the furthest to the west.

Single-look pixel values are obtained by dividing the complex radar cross section value
(the result of the SAR processing before detection) by the square-root of the
corresponding value in the backscatter coefficient model (defined in the MGN SDPS
Functional Requirements [5]). The real and imaginary parts of this ratio are expressed
as single-precision floating-point numbers (using the format described in Appendix B).
The structure of a single-look image line is illustrated below.
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Single-look Image Line Structure

byte # fielkd name

| |
0-1 | Offset to first valid pixel i
| |

|
2-3 | Pointer to last valid pixel |
I |
I ) I
| Pixel Value 1 |
4-11 | Real | Imaginary ]
| : I |
| l
| Pixel Value 2 |
12-19 | Real | Imaginary |
|
! | !
] i
| |
8'M -4 through | Pixel Value M |
8M+3 | Real | Imaginary ]
' | |

3.4.2.3

Data Block — Processing Parameter Records -

The following specifications apply to every processing parameter record in each -
BIDR.

The data block of a processing parameter record is 1280 bytes long and consists of 300
parameters numbered (after much thought) 1 through 300, plus spares. Parameters are
from one to eight bytes in length. The generation and use of these parameters during
processing are defined in Appendix F. One set of processing parameters is computed for
each burst. The particular SAR burst that corresponds to a set of processing parameters
is identified in the annotation block. A list of the processing parameters appears in
Appendix C of this document.

3-29
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Data Block Structure — Processing Parameters Records

field name

Parameter-1

Parameter-2

Parameter-300

Spares

3.4.24

Data Block — Processed Radiometer Data Records
The following specifications apply to processed radiometer data records.

The data block of a processed radiometer data record shall be 12 bytes long and consist
of:

¢ the 12-bit raw data value

¢ the 12-bit calibration value of the burst following the one from which the -
raw data value was obtained

* the observed (computed) antenna temperature and the inferred surface
brightness temperature (defined in Appendix B of ref. [5])

The surface brightness temperature for cold-sky measurements will be set to 0.

The 12-bit numbers will be stored in the 12 least-significant bits of a 2-byte integer
word. The two temperatures will be stored as single-precision floating point numbers.
(Single-precision floating-point and integer formats are given in Appendix B.) This
structure is illustrated below.

3-30
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Data Block Structure — Processed Radiometer Data Records

byte # field name
l |
0-1 | Raw data value |
i J
| . |
2-3 I Raw calibration value |
! |
I -
4-7 | Observed antenna temp. |
| |
| . |
8-11 | Surface brightness temp. |
| ]

Baw data value (bytes 0-1); 12-bit raw data value
length = 2 bytes
value = Instance-dependent unsigned 16-bit integer (4 most significant bits will be set to
"0%)
Baw calibration value (bytes 2-3): 12-bit calibration value
length = 2 bytes
value = Instance-dependent unsigned 16-bit integer(4 most significant bits will be set to
"07) _
Observed antenna temperature (bytes 4-7): Temperature (°K) of radiation at the high gain
antenna. '
length = 4 bytes
value = Instance-dspendent (Single precision tloating point; format described in
Appendix B)

Surtace brightness temperature (bytes 8-11): Bnghtness temperature (°K) of the planet
surface after correcting for atmospheric attenuation and emission.
length = 4 bytes
value = Instance-dependent (Single precision floating point; format described in
Appendix B) Will be 0 for cold-sky calibration measurements.

3.4.2.5

Data Block — Processing Monitor Records
The following specifications apply to every processing monitor record in each F-BIDR.

Processing monitor records are produced for selected SAR bursts. The SAR burst is
identified in the annotation block.

The data block of a processing monitor record is 20,437 bytes long. It contains the
monitor information described in Reference [7]. The structure of the processing monitor
record data field is illustrated in the following diagram.
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Data Block Structure — Processing Monitor Records

byte # field name

0-3 Burst counter

4-795 Raw data histograms

796-798 Raw data mean

800-803 Raw data variance

804-1827 Image histogram

1828-1831 Backscatter mean

1832-1835 Backscatter variance

1836-1839 BIP range

1840-1843 Range centroid

1844-1847

1848-1851 Echo peak position

standard deviation

3900-3903 Thermal SNR

3904-3907 Quantization SNR

3908-3911 Total SNR

3912-3913 Image Spectrum

starting line

3914-3915 Image Spectrum

|
|
|
|
|
|
|
[
|
|
|
]
|
I
|
|
I
|
|
|
|
|
[
|
I
|
|
' I
Peak-to-mean ratio |
|
|
|
|
|
|
I
|
|
|
|
|
I
|
|
|
|
|
I
|
|
|
starting pixel ]
|

|
I
|
I
|
]
|
I
|
|
I
|
I
[
]
|
|
]
|
|
]
I
I
]
I
I
|
I
|
|
|
I
|
L
I
1852-3899 | Raw data spectrum.

]
I
|
!
|
|
I
|
[
L
|
I
|
l
|
[
|
L

(continued)
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: I |

3916- ] Image spectrum ]
! |

l l

20300- | Clutterlock results |
20312 | |

I |

20313- |  Autofocus results |
20436 | !

Burst counter (bytes 0-3): Burst counter of the burst analyzed.
length = 4 bytes
value = Instance-dependent (Unsigned 32 bit integer)
Raw Data Histogram (bytes 4-795): See section 3.4.2,5.1.
Raw data mean (bytes 796-799): Mean of the 8-bit samples (both | and Q) in the BAQ
reconstructed raw data.

length = 4 bytes
value = Instance-dependent (Single-precision floating-point)

Raw data variance (bytes 800-803): Variance of the 8-bit samples (both | and Q) i m the
BAQ reconstructed raw data.
length = 4 bytes
value = Instance-dependent (Single-precision ﬂoatmg-pomt)

Image Histogram (bytes 804-1827). See section 3.4.2.5.2.

Backscatter mean (bytes 1828-1831): Mean value of detected single-look image plxels
length = 4 bytes . ‘
value = Instance-dependent (Single-precision floating-point)

Backscatter variance (bytes 1832-1835): Variance of detected single-look image \plxels
length = 4 bytes
value = Instance-dependent (Single-precision floating-point)

BIP range (bytes 1836-1839): Apparent range in meters to the boresight intercept pomt
length = 4 bytes . |
value = Instance-dependent (Single-precision floating-point)

Range centroid (bytes 1840-1843): Apparent range in meters to range centroid of 1he
corresponding SAR burst.

length = 4 bytes
value = Instance-dependenit (Single-precision floating-point)
Peak-lo-mean ratio (bytes 1844-1847): Ratio of the peak power in the smoothed range
compressed power spectrum, to the mean power.
_ length = 4 bytes
value = Instance dependent (Single-precision floating-point)

Echo peak position standard deviation (bytes 1848-1851): The standard dewatlon of the

cross-correlation peaks of each adjacent pair of echo pulses compared thh the
average cross-correlation peak position of all adjacent pairs, of the !
corresponding SAR burst.

length = 4 bytes

value = Instance dependent {Single-precision tloating-point)

Baw Data Spectrum (bytes 1852-3899): See section 3.4.2.5.3.
Thermal SNR (bytes 3900-3903): Raw data signal-to-thermal-noise ratio of the
corresponding SAR burst.
length = 4 bytes
value = Instance-dependent (Single-precision floating-point)
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Quantization SNR (bytes 3904-3307): Raw data signal-to-quantization-noise ratio of the
corresponding SAR burst.
length = 4 bytes '
value = Instance-dependent (Single-precision floating-point)
Total SNR (bytes 3908-3911): Raw data signal-to-total-noise ratio of the corresponding

SAR burst.
length = 4 bytes
value = Instance-dependent (Single-precision floating-point)

ing line [bytes 3912-3913): The Coordinate-1 value (see Appendix
E) of the first line included in the Image Spectrum.
length = 2 bytes
value = Instance dependent (unsigned 16-bit integer)

lmage Spectrum starting pixel [bytes 3914-3915): The Coordinate-2 value (see

Appendix E) of the first pixel included in the Image Spectrum.
length = 2 bytes _
value = [nstance dependent (unsigned 16-bit integer)

lmaga Spectrum (bytes 3916-20293): See section 3.4.2.5.4.
Clutteriock Results (bytes 20300-20312). See section 3.4.2.5.5.
Autofocys Results (bytes 20313-20436): See section 3.4.2.5.6.

34.2.5.1

Raw Data Histogram Field

The raw data histogram field (bytes 4-795 of the process monitor data block) will
consist of 24 four-bin histograms. Each of these histograms will consist of a one-byte
threshold value and eight single-precision floating-point numbers. Each of the
floating-point numbers will represent the frequency of occurrence of the corresponding 2-
bit raw data value (I = in-phase component, Q = quadrature component) for the
corresponding threshold value. There may be up to 24 threshold values, each of which
was used to encode 16 complex range samples. If fewer than 24 thresholds are used (as
would be the case in the event of a shorter range line), the unused threshold value and
probability fields will be filled with zeros. The structure is illustrated below.’
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Raw Data Histogram Field Structure

byte # field name
B I
0 | Threshold Value 1 |
| !
| | " |
1-8 | Probability of i=-1 | Probability of Q=-1 |
| | ]
9-16 | Probability of l=-0 | Probability of Q=-0 |
| | |
17-24 | Probability of I=+0 | Probability of Q=+0 |
| | |
25-32 | Probability of I=+1 | Probability of Qm+1 |
| I |
| I
759 | Threshold Value 24 |
| I
I . | . |
760-767 | Probability of l=-1 | Probability of Q=-1 |
I I |
| I I
I | |
784-791 | Probability of l=+1 | Probability of Q=+1 |
I |

Threshold Value n: Threshold value appearing in the burst header.

length = 1 byte
value = Instance-dependent (unsigned 8-bit integer). Will be 0 for unused threshold

values.

Probability of xxx: Frequency of occurrence of raw data value xxx .
length = 4 bytes
value = instance-dependent (Single-precision floating-point; format described in
Appendix B). Will be 0 for unused thresholds.

3.4.2.5.2 Image Histogram Field

The image histogram field (bytes 804-1827 of the process monitor data block) will
consist of 256 single-precision floating-point numbers. The first number will be the
frequency of occurrence of pixel value 0, the second the frequency of occurence of pixel
value 1, and so forth. The structure is shown below.
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Image Data Histogram Field Structure

byte # field name

I |

0-3 |  Histogram value 1 |

| |

4-7 | Histogram value 2 ]

I : I

| |

I |

1020-1023 | Histogram value 256 |
I |

Histogram value n: Frequency of occurrence of pixel value n-1.
length = 4 bytes
value = Instance-dependent (Single-precision floating-point; format described in

Appendix B)

3.4.2.5.3 Raw Data Spectrum Field

The raw data spectrum field (bytes 1852-3899 of the process monitor data block) will
"contain 512 four-byte, single-precision numbers. Each number will be the magnitude of
the raw data spectral value obtained by applying a Fourier transform to each range
line in the burst, then averaging the resulting spectra. The first value in the field will
correspond to zero frequency and each subsequent value represents a step of 1/512th of
the sampling frequency. This structure is illustrated below.

Raw Data Spectrum Field Structure

byte # field name
0-3 ; Spectral value 1 l
4-7 I Spectral value 2
I I
2044-2047 , Spectral value 512

Spectral value n: Magnitude of raw data spectral value.
length = 4 bytes
value = Instance-dependent (Single-precision floating-point; format described in

Appendix B)

3-36
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3.4.2.54 Image Spectrum Field

The image spectrum field (bytes 3916-20299 of the process monitor data block) will
consist of a 64 x 64 two-dimensional spectrum of a square patch of detected imagery
(measuring 64 real pixels on a side) centered near the swath center of the selected burst.
This field will contain 64 spectrum lines, as illustrated in the following diagram.

Image Spectrum Field Structure

byte # field name
| . |
0-255 | Spectrum line 1 |
- |
256-511 | Spectrum line 2 |
I I
| |
| |
16128-16383 | Spectrum line 64 |
| I

Each image spectrum line will consist of 64 four-byte values, as illustrated in the
following diagram.

Image Spectrum Line Structure
byte # field name

0-3 { Spectrum value 1 {

I I

4-7 { Spectrum value 2 }

| |

| !

252-255 E Spectrum value 64 i

Spectrum valye n: Value of spectrum in 2-dimensional array.
length = 4 bytes
'value = Instance-dependent (Single-precision floating-point; format described in

Appendix B)
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3.4.2.5.5

Clutterlock Results Field

The clutterlock results field (bytes 20300-20312 of the process monitor data block) will
consist of a one-byte flag indicating whether clutterlock processing has been done, and
three single-precision floating-point numbers. The first floating-point number is a
coarse measure of the Doppler centroid at the mid-range point, in Hertz, and will
appear for every burst analyzed. The second is a more accurate measure of the Doppler
centroid at the mid-range point obtained by regression analysis, and will appear only
for selected bursts. The third is a measure of the Doppler drift rate at the mid-range
point, also obtained by regression. (Clutterlock techniques are described in [7].) The
field structure is shown below.

Clutterlock Results Field Structure

byte # field name
l I
0 | Processing flag |
| |
1-4 | Coarse Doppler centroid |
| |
5-8 | Refined Doppler centroid |
| |
9-12 | Doppler drift rate I
|- l

Clutterlock processing flag: Indicates if clutteriock processing has been done..
length = 1 byte
value =0 if clutterlock has not been done (remainder of fieid to be ignored)
1 if clutterlock has been done (remainder of field contains valid data)
{(unsigned 8-bit integer)
Coarse Doppler centroid: Doppler centroid in Hertz.
length = 4 bytes
value = Instance-dependent (Single-precision floating-point; format described in
Appendix B) '
Refined Doppler centroid: Doppler centroid in Hertz obtained by regression analysis.
length = 4 bytes
value = Instance-dependent (Single-precision floating-point; format described in
Appendix B) Will be 0 if regression analysis is not done.
Doppler drift rate: Doppler centroid drift rate as a function of range obtained by regression
analysis.
length = 4 bytes
value = Instance-dependent (Single-precision floating-point; format described in
Appendix B} Will be 0 if regrassion analysis is not done.
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3.4.2.5.6

Autofocus Results Field

The autofocus results field (bytes 20313-20436 of the process monitor data block) will
consist of:

e the mid-burst times of the two bursts used for autofocus
e the Coordinate-1 and Coordinate-2 misregistrations in pixel number, and

¢ a 5x5 cross-correlation matrix.

The structure is shown below.

Autofocus Results Field Structure

byte # field name
| l
0-7 | Mid-burst time 1 ]
| |
8-15 | Mid-burst time 2 ]
; |
16-19 | Coordinate 1 |
| displacement ]
| |
20-23 | Coordinate 2 ]
| displacement |
| :
24123 | Cross-correlation matrix |
I I

Mid-burst time 1 (bytes 0-7): Time, in TDB seconds since Epoch 2000, of the first burst
: used for autofocus.
length = 8 bytes
value = /nstance-dependent (Double-precision floating -point; format described in
Appendix B}
Mid-burst time 2 (bytes 8-15): Time, in TDB seconds since Epoch 2000, of the second
burst used for autofocus.
length = 8 bytes
value = Instance-dependent (Double-precision floating -point; format described in
Appendix B)
Coordinate 1 displacement (bytes 16-19): Coordinate 1 offset of image 2 from its expected
position with respect to image 1 (see Appendix E).
length = 4 bytes A
value = Instance-dependent (Single-precision floating-point; format described in
Appendix B) .
Coordinate 2 displacement (bytes 20-23): Coordinate 2 offset of image 2 from its expected
position with respect to image 1 (see Appendix E)
length = 4 bytes
value = Instance-dependsnt (Single-precision floating-point; format described in
Appendix B)
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The cross-correlation matrix will consist of a 5x5 array that is the result of a two-
dimensional cross-correlation process. This field will contain 5 matrix lines, as
illustrated in the following diagram.

Cross-correlation Matrix Field Structure

byte # field name

| - I

0-19 | Matrix line 1 |

| I

| __ |

20-39 ] Matrix line 2 |
| I

I |

| |

80-99 | Matrix line 5 |
I !

Line N represents the result of shifting image 2 by "3 - N" lines in the Coordinate-1
dimension.

Each matrix line will consist of 5 four-byte values, as illustrated in the following
diagram.

Cross-correlation Matrix Line Structure

byte # field name
| _ |
0-3 | Matrix value 1 |
| :
4-7 ] Matrix value 2 |
I I
|_ |
| A
16-19 ] Matrix value § ]
I !

Value N represents the result of shifting image 2 by "3-N" pixéls in the Coordinate-2
dimension.

Matrix value n: Value of cross-correlation in 2-dimensional array.
length = 4 bytes
value = /nstance-dependent (Single-precision floating-point; format described in

Appendix B)
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3.5

3.5.1

BIDR Data Files

Introduction

Ev‘ery F-BIDR will contain 20 files. The following sections describe the BIDR data
files. The BIDR Header (File 1) is discussed in section 3.2.1, and the BIDR Trailer (File

20) is discussed in section 3.2.2.

The first ten files following the BIDR Header (Files 2-11) will contain ancillary data
copied from the SAR-EDR / SAR-TEDR from which the F-BIDR was made.

File 12 will contain parameters used in processing that are constant for the entire orbit.

File 13 will contain polar image data (corresponding to terrain north of 80°N latitude
on the Venusian surface) in oblique sinusoidal projection. The processing parameters
used to produce the oblique sinusoidal image data from the raw data will be recorded in
File 14. Note that Files 13 and 14 will be empty (ANSI null files) for orbits in which no
polar observations are made (i.e. every other orbit in the alternating swath scheme).

Files 15 and 16 will, respectively, contain image data in sinusoidal projection and the
associated processing parameters for terrain south of 89°N and north of 89S latitude on

the Venusian surface.
File 17 will contain the results of processing the radiometer data.

File 18 will contain the results of processing the radiometer data from the coldjy
calibrations. Cold-sky calibration data are acquired three times during the nominal
mission. File 18 will contain all of the cold-sky calibration data acquired as of the
processing date. This file will be empty (ANSI null file) if no cold sky data is
available.

File 19 will contain quality information about the raw SAR data and the resulting
image data. This information is produced from two preselected regions of each orbit,
and requires that up to 16 contiguous bursts be available in each region. If neither region
contains the necessary number of contiguous bursts, this file will be empty (an ANSI null
file). :
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Table 3.1 — Summary of BIDR Files

File Copied From

Name Bet.§ EDR? Description
BIDR Header 3.2.1 n Summary BIDR Volume Information
File 2 35.2° y Orbit Header
File 3 3.53 y EDR Data Quality Summary
File 4 354 y S/C Ephemeris File (Orbit Description)
File 5 3.5.5 y SCLK/SCET Conversion Cosefficients
File 6 3.5.6 y DSN Monitor Records
File 7 3.5.7 y Quaternion Pointing Coefficients
File8 3.5.8 y Processing Bandwidths
File 9 3.5.9 y Decommutation & decalibration data
File 10 3.5.10 y Enginesring Data
File 11 3.5.11 y Radar Header Records
File 12 3.5.12 n Per-orbit parameters
File 13 3.5.13 n Image Data in Oblique Sinusoidal Projection
File 14 3.5.14 n Processing Parameters for Oblique
Sinusoidal Data
File 15 3.5.15 n Image Data in Sinusoidal Projection .
File 16 3.5.16 n Processing Parameters for Sinusoidal Data
File 17 3.5.17 n Processed Radiometer Data
File 18 3.5.18 n Cold-Sky Calibration Results
File 19 3.5.19 n Processing Monitor Results
BIDR Trailer 3.22 n Additional BIDR Volume Information
3.5.2 File 2: Orbit Header
This file will contain an exact copy of the data in the Orbit Header File contained in
the SAR-EDR, unless an F-SBIDR is created using a substitute Orbit Header file, in
which case it will include that file. SIS SFOC-1-MHR-SCIEDR [1] specifies the
contents of this file.
3.5.3 File 3: EDR Data Quality Summary
This file will contain an exact copy of the data in the EDR Data Quality File contained
in the SAR-EDR, unless an F-SBIDR is created using a substitute EDR Data Quality
Summary file, in which case it will include that file. SIS SFOC-1-MHR-SCIEDR {1]
specifies the contents of this file.
3.5.4 File 4: Spacecraft Ephemeris File

This file will contain an exact copy of the data in the Spacecraft Ephemeris File
contained in the SAR-EDR, unless an F-SBIDR is created using a substitute Spacecraft
Ephemeris file, in which case it will include that file. SIS SFOC-1-MHR-SCIEDR [1]
identifies the SIS which specifiés the contents of this file.
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3.5.5

File 5: SCLK/SCET Conversion Coefficients

This file will contain an exact copy of the data in the SCLK/SCET Conversion
Coefficients File contained in the SAR-EDR, unless an F-SBIDR is created using a
substitute SCLK /SCET Conversion Coefficients file, in which case it will include that
file. SIS SFOC-1-MHR-SCIEDR [1] identifies the SIS which specifies the contents of
this file. :

3.5.6

File 6: DSN Monitor Records

This file will contain an exact copy of the data in the DSN Monitor Records File
contained in the SAR-EDR, unless an F-SBIDR is created using a substitute DSN
Monitor Records file, in which case it will include that file. SIS -
SFOC-1-MHR-SCIEDR [1] specifies the structure and identifies the SIS which
specifies the contents of this file.

3.5.7

File 7: Quaternion Polynomial Coefficients

This file will contain an exact copy of the data in the Quaternion Polynomial
Coefficients File contained in the SAR-EDR, unless an F-SBIDR is created using a

substitute Quaternion Polynomial Coefficients file, in which case it will include that
file. SIS SFOC-1-MHR-SCIEDR [1] identifies the SIS which specifies the contents of
this file.

3.5.8

File 8: Processing Bandwidths

This file will contain an exact copy of the data in the Processing Bandwidths File
contained in the SAR-EDR, unless an F-SBIDR is created using a substitute Processing
Bandwidths file, in which case it will include that file. SIS SFOC-1-MHR-SCIEDR
[1] identifies the SIS which specifies the contents of this file.

3.5.9

File 9: Decommutation and Decalibration Data

This file will contain an exact copy of the data in the Decom/Decal File contained in
the SAR-EDR, unless an F-SBIDR is created using a substitute Decommutation and
Decalibration Data file, in which case it will include that file. SIS
SFOC-1-MHR-SCIEDR (1] specifies the structure and identifies the SIS which
specifies the contents of this file.

3.5.10

File 10: Engineering Data

This file will contain an exact copy of the data in the Engineering Data File contained
in the SAR-EDR, unless an F-SBIDR is created using a substitute Engineering Data file,
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in which case it will include that file. SIS SFOC-1-MHR-SCIEDR (1] specifies the
structure and identifies the document which specifies the contents of this file.

3.5.11

File 11: SAR Header Records

This file will contain an exact copy of the data in the SAR Header Records File
contained in the SAR-EDR, unless an F-SBIDR is created using a substitute SAR Header
Records file, in which case it will include that file. SIS SFOC-1-MHR-SCIEDR ({1]
specifies the structure and identifies the document which specifies the contents of this
file.

Except for F-SBIDRs using a substitute SAR Header Records file, this file is copied
byte-for-byte from the EDR, and the SAB header fields are in the same bit order as in
the telemetry.

3.5.12

File 12: Per-orbit Parameters

This file consists of per-orbit pérameter records. Each logical record will contain
parameters used for processing that are constant for the entire orbit.

The following values shall appear in the per-orbit parameters record primary header
(see section 3.4):

NJPL primary label type (bytes 0-11): Indicates an NJPL logical record (ASCII length
field).
length = 12 bytes
value = 'NJPL11000104", for F-BIDR,
'NJPL11000105’, for F-TBIDR,
‘NJPL11000106°, for F-SBIDR,
'NJPL11000107', for F-XBIDR,
'NJPL11000108", for F-UBIDR.
NJPL primary label length (bytes 12-19): Number of bytes in logical record starting with
byte 20.
length = 8 bytes
value = '00000520'

The following values shall appear in the per-orbit parameters record secondary header
(see section 3.4.1):

BIDR secondary label type (bytes 0-1): No annotation field.
length = 2 bytes
value = 1 (unsigned 16-bit integer)

BIDR secondary label length (bytes 2-3): Number of bytes in secondary header starting
with byte 4.

length = 2 bytes
value = 4 (unsigned 16-bit integer)

The format of the orbit number field is specified in section 3.4.1.1. The following values
shall appear in the per-orbit parameters record annotation block (see section 3.4.1.2):
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Data glass (byte 0): Per-orbit parameters.
length = 1 byte .
value = 1 (unsigned 8-bit integer)
Data annotation label length (byte 1): Number of bytes in the annotation field.

length = 1 byte _
value = 0 (unsigned 8-bit integer).

The data block is specified in sections 3.4.2 and 34.2.1, and Appendix D.

3.5.13 File 13: Image Data ih,Oblique Sinusoidal Projection

This file consists of image data records. Each logical record will contain multi-look
image data in the oblique sinusoidal projection. The image data will correspond to the
mapped area north of 80°N latitude on the Venusian surface. If there is no such data for
the corresponding orbit segment, this file will be empty. Pixel values shall be 8 bits
each. Filler pixels shall contain the value 0 (8-bit integer).

The following values shall appear in the image data record primary header (see
section 3.4):

NJPL primary label type (bytes 0-11): Indicates an NJPL logical record (ASCII jength

field).

length = 12 bytes

value = 'NJPL11000104', for F-BIDR,
'NJPL11000105', for F-TBIDR,
‘NJPL11000106", for F-SBIDR,
‘NJPL11000107', for F-XBIDR,
'NJPL11000108', for F-UBIDR.

The following values shall appear in the image data record secondary header (see
section 3.4.1):

BIDR secondary label type (bytes 0-1): Image data annotation field.
length = 2 bytes
value = 2 (unsigned 16-bit integer)
BIDR secondary label length (bytes 2-3): Number of bytes in secondary header starting
with byte 4. .
length = 2 bytes
value = 68 (unsigned 16-bit integer)

The format of the orbit number field is specified in section 3.4.1.1. The following values
shall appear in the image data record annotation block (see sections 3.4.1.2 and
3.4.1.2.1)

Data class (byte 0): Image data, multi-look, oblique sinusoidal projection.
length = 1 byte
value = 66 (pnsigned 8-bit integer)

Data annotation label length (byte 1): Number of bytes in the annotation fiekd.

length=1byte .
value = 64 (unsigned 8-bit integer).

The data block is specified in sections 3.4.2, 3.4.2.2, and 34.2.2.1.
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3.5.14 File 14: Processing Parameters for Oblique Sinusoidal Data

This file consists of processing parameter records. Each logical record shall contain the
parameters used to control the SAR processing that produced the image data in the
Image Data in Oblique Sinusoidal Projection file. If there is no such data for the
corresponding orbit segment, this file will be empty. This file is prowded for
diagnostic use, and to facilitate sophisticated interpretation of image data.

One processing parameter record will be recorded in this file for each burst of SAR data
for which processing into oblique sinusoidal imagery is attempted.

The following values shall appear in the processing parameter record primary header
(see section 3.4):

NJPL primary label type (bytes 0-11): Indicates an NJPL logical record (ASCII length

tield).

length = 12 bytes

value = 'NJPL11000104’, for F-BIDR,
'NJPL11000105', for F-TBIDR,
‘NJPL11000106°, for F-SBIDR,
'‘NJPL11000107", for F-XBIDR,
‘NJPL11000108', for F-UBIDR.

NJPL primary Iabel length (bytes 12-19): Number of bytes in logical record starting with
byte 20.
length = 8 bytes
value = '00001295'

The following values shall appear in the processing parameter record secondary
header (see section 3.4.1):

BIDR secondary label type (bytes 0-1): Burst ID annotation field.
length = 2 bytes
value = 4 (unsigned 16-bit integer)
BIDR secondary label length (bytes 2-3): Number of bytes in secondary header starting
with byte 4.
length = 2 bytes
value = 11 (unsigned 16-bit integer)

~ The format of the orbit number field is specified in section 3.4.1.1. The following values
shall appear in the processing parameter record annotation block (see sections 3.4.1.2
and 3.4.1.2.2):

Data class (byte 0): Processing parameters, obhque sinusoidal projection.
length = 1 byte
value = 68 (unsigned 8-bit integer)

Data annotation label langth (byte 1): Number of bytes in the annotation field.

length = 1 byte
value = 7 (unsigned 8-bit integer).

The data block is specified in sections 3.4.2 and 3.4.2.3, and Appendix C.
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3.5.15 File 15: Image Data in Sinusoidal Projection

This file consists of image data records. Each logical record will contain multi-look
image data in the sinusoidal projection. The image data will include all available
data between 89° N and 89S latitude. Pixel values shall be 8 bits each. Filler pixels
shall contain the value 0.

The following values shall appear in the image data record primary header (see
section 3.4): :

MNJPL primary label type (bytes 0-11): Indicates an NJPL logical record (ASCII length

field).

length = 12 bytes

value = 'NJPL11000104’, for F-BIDR,
'NJPL11000105°, for F-TBIDR,
'NJPL11000106’, for F-SBIDR, -
‘NJPL1i000107’, for F-XBIDR,
‘NJPL11000108', for F-UBIDR.

I
The following values shall appear in the image data record secondary header (see
section 3.4.1):

BIDR secondary iabel tvpe (bytes 0-1): Image data annotation field.
length = 2 bytes
value = 2 (unsigned 16-bit integer) .
BIDR secondary label length (bytes 2-3): Numbaer of bytes in secondary header starting
with byte 4. :
length = 2 bytas
value = 68 (unsigned 16-bit integer)

The format of the orbit number field is specified in section 3.4.1.1. The following values
shall appear in the image data record annotation block (see sections 3.4.1.2 and
3.4.1.2.1)

Data class (byte 0): Image data, multi-look, sinusoidal projection.
length = 1 byte - ‘
value = 2 (unsigned 8-bit integer)
Data annotation label length (byte 1): Number of bytes in the annotation field.

length = 1 byte :
value = 64 (unsigned 8-bit integer).

The data block is specified in sections 3.4.2, 34.2.2, and 34.2.2.1.

3.5.16 File 16: Processing Parameters for Sinusoidal Projection Data

This file consists of processing parameter records. Each logical record shall contain the
parameters used to control the SAR processing that produced the image data in the
Image Data in Sinusoidal Projection file. This file is provided for diagnostic use, and to
facilitate sophisticated interpretation of image data.
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One processing parameter record will be recorded in this file for each burst of SAR data
for which processing into sinusoidal imagery is attempted.

The following values shall appear in the processing parameter record primary header
(see section 3.4):

NJPL primary label type (bytes 0-11): Indicates an NJPL logical record (ASCil length
field). :
jength = 12 bytes
value = 'NJPL11000104', for F-BIDR,
‘NJPL11000105", for F-TBIDR,
‘NJPL11000106", for F-SBIDR,
‘NJPL11000107', for F-XBIDR,
‘NJPL11000108", for F-UBIDR.
NJPL primary label length (bytes 12-19): Number of bytes in logical record starting with
byte 20.
length = 8 bytes
value = '00001295’

The following values shall appear in the processing parameter record secondary
header (see section 3.4.1):

BIDR secondary label type (bytes 0-1): Burst ID annotation fieid.
length = 2 bytes .
value = 4 (unsigned 16-bit integer)

BIDR secondary Iabel length (bytes 2-3): Number of bytes in secondary header starting
with byte 4.
length = 2 bytes
value = 11 (unsigned 16-bit integer)

The format of the orbit number field is specified in section 3.4.1.1. The following values
shall appear in the processing parameter record annotation block (see sections 3.4.1.2

and 3.4.1.2.2):

Data class (byte 0): Processing parameters, sinusoidal projection.
~length = 1 byte
value = 4 (unsigned 8-bit integer).

Data annotation Iabel length (byte 1): Number of bytes in the annotation field.
length = 1 byte

value = 7 (unsigned 8-bit integer).

The data block is specified in sections 3.4.2 and 3.4.2.3, and Appendix C.

3.5.17 File 17: Processed Radiometer Data

This file consists of processed radiometer data records. Each logical record will contain
processed radiometer data and the parameters used for processing. One processed
radiometer data record will be recorded in this file for each burst of SAR data
containing a radiometer measurement.

The algorithm used for processing radiometer data is described in Appendix B of [5].
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The following values shall appear in the processed radiometer data record primary
header (see section 3.4):

NJPL primary label tvpe (bytes 0-11): Indicates an NJPL logical record (ASCII length

field).

length = 12 bytes

value = 'NJPL11000104', for F-BIDR,
'NJPL11000105', for F-TBIDR,
'NJPL11000106°, for F-SBIDR,
'NJPL11000107", for F-XBIDR,
‘NJPL11000108°, for F-UBIDR.

NJPL primary label length (bytes 12-19): Number of bytes in logical record starting with
- byte 20.
length = 8 bytes
value = '00000108’

The following values shall appear in the processed radiometer data record secondary
header (see section 3.4.1):

BIDR secondary label type {bytes 0-1): Radiometer data annotation field.
length = 2 bytes
value = 8 (unsigned 16-bit integer)

BIDR secondary {abel length (bytes 2-3): Number of bytaes in secondary header starting
with byte 4.
length = 2 bytes
" value = 92 (unsigned 16-bit integer)

The format of the orbit number field is specified in section 3.4.1.1. The following values
shall appear in the processed radiometer data record annotation block (see sections
3.4.1.2 and 3.4.1.2.3):

Data class (byte 0): Processed radiometer data.
length = 1 byte
value = 8 (unsigned 8-bit integer).

Data annotation label length (byte 1): Number of bytes in the annotation field.
length = 1 byte
value = 88 (unsigned 8-bit integer).

The data block is specified in sections 3.4.2 and 3.4.24.

3.5.18 File 18: Cold-Sky Calibration Results

This file consists of processed radiometer data records. Each logical record will
correspond to a single radiometer measurement, and will contain the results of operating

- the radiometer while pointing the spacecraft's antenna at "cold space”. The blackbody
source temperature (radiation temperature) expected from such a measurement is that
of the cosmic background: 2.7K.

Cold-sky calibration measurements will be performed three times during the mission:
at the beginning, the end, and once at "mid-mission”. The data will be processed to
obtain the blackbody source temperature and saved. Each F-BIDR will contain in this
file all of the collected cold-sky calibration data.
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The orbit number of the particular measurement will appear in the logical record
secondary header. The radiometer data will be processed to obtain an effective
blackbody source temperature, but no surface brightness temperature will be produced.
The surface brightness temperature data field will be set to zero.

The following values shall appear in the radiometer data record primary header (see
section 3.4):

NJPL primary label type (bytes 0-11): Indicates an NJPL logical record (ASCII length

field).

length = 12 bytes

value = 'NJPL11000104', for F-BIDR,
'NJPL11000105’, for F-TBIDR,
‘NJPL11000106", for F-SBIDR,
'NJPL11000107", for F-XBIDR,
'NJPL11000108', for F-UBIDR.

NJPL primary label length (bytes 12-19): Number of bytes in logical record starting with
byte 20.
length = 8 bytes
value = '00000108'

The following values shall appear in the radiometer data record secondary header (see
section 3.4.1):

BIDR secondary label type (bytes 0-1): Radiometer data annotation field.
length = 2 bytes
value = 8 (unsigned 16-bit integer)

BIDR secondary label length (bytes 2-3): Number of bytes in secondary header starting

with byte 4.
length = 2 bytes
vajue = 92 (unsigned 16-bit integer)

The format of the orbit number field is specified in section 3.4.1.1. The following values
shall appear in the radiometer data record annotation block (see sectlons 34.1.2 and
3.4.1.2.3):

Data class (byte 0): Processed cold-sky calibration data.
length = 1 byte
value = 40 (unsigned 8-bit integer).

Data annotation label length (byte 1): Number of bytes in the annotation field.
length = 1 byte
value = 88 (unsigned 8-bit integer).

The data block is specified in sections 3.4.2 and 3.4.2.4.

3.5.19 File 19: Processing Monitor Results

This file consists of processing monitor records containing raw data and image data
quality information; image data records containing single-look i imagery; processing
parameter records containing the parameters used to obtain that imagery; and a
multilook image.
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These four types of records will be written to File 19 for selected "batches” of bursts
each orbit. A "batch” consists of a number of consecutive SAR bursts, where the number
is the number of looks (between 1 and 3). One of the bursts will be selected for detailed
analysis. Batches will be selected on the basis of true anomaly within an orbit. The
number of batches per orbit is 2.

Processing Monitor File Structure

Results for first batch

Results for second batch

A variable number of records is associated with each selected batch: up to three"
processing monitor records, up to three single-look image records and three
corresponding processing parameter records, and one multilook image record.

The first one to three records written in each batch are processing monitor records.
Following the processing monitor record will be up to three pairs of records. Each pair
will correspond to one burst in the batch, and will consist of an image data record

containing single-look data, and a processing parameter record.

This sequence of records is then repeated for the second batch, as illustrated in the
following diagram.
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Processing Results — Record Structure

i Record
I Single-look imagery
I

|| Processing Parameter
| Becord

|| Single-look Imagery
i

}— second burst in second batch

— third burst in second batch

|| Processing Parameter

] Becord
I Multi-look Imagery

| Process Monitor Record | — beginning of first batch
l 1 |
| Process Monitor Record |
i 2 |
| Process Monitor Record |
! 2 |
| Single-look imagery | }~ first burst in first batch
Il | }
| Processing Parameter | }
i Becord |
I Single-look Imagery | }- second burst in first batch
I | }
|| Processing Parameter | }
i Becord |
I Single-look Imagery | } third burst in first batch
Il | }
|| Processing Parameter | }
I Bacord 1
| Multi-look Imagery |
L I
| Process Monitor Record | = beginning of second batch
l 1 |
| Process Monitor Record- |
| 2 |
| Process Monitor Record |
l 3 |
| Single-look Imagery | }— first burst in second batch
I | } .
I} Processing Parameter | } o
!
|
|
|
!
I
)
I
]
|
|

Processing Monitor Record:

The following values shall appear in the processing monitor record primary header
(see section 3.4):
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NJEL.QU.DJ.&W_ED&LWD.Q (bytes 0-11): Indicates an NJPL logical record (ASCII iength

field).

fength = 12 bytes

value = 'NJPL11000104", for F-BIDR,
‘NJPL11000105', for F-TBIDR,
'NJPL11000106°', for F-SBIDR,
‘NJPL11000107', for F-XBIDR,
'NJPL11000108', for F-UBIDR.

NJPL primary Iabel length (bytes 12-19): Number of bytes in logical record starting with
byte 20.

length = 8 bytes
vaiue = '00020452’

The following values shall appear in the processing monitor record secondary header
(see sectlon 34.1):

BIDR secondary |abel type (bytes 0-1): Burst ID annotation field.
length = 2 bytes
value = 4 (unsigned 16-bit integer) ’

BIDR secondary Ilabel length (bytes 2-3): Number of bytes in secondary header starting
with byte 4.

length = 2 bytes
value = 11 (unsigned 16-bit integer)

The format of the orbit number field is specified in section 3.4.1.1. The following values
shall appear in the processing monitor record annotation block (see sections 3.4.1.2 and

3.4.1.2.2):

Data class (byte 0): Processing monitor records.

length = 1 byte
value = 16 (unsigned 8-bit integer).

Data annotation label length (byte 1): Number of bytes in the annotation field.

length = 1 byte
value = 7 (unsigned 8-bit integer).

The data block is specified in sections 3.4.2 and 3.4.2.5 (in its entirety).

Single Look Image Data Records:

The following values shall appear in the image data record primary header (see
section 3.4).

NJPL primary label type (bytes 0-11): Indicates an NJPL loglcal record (ASCll length

field).

length = 12 bytes ]

value = 'NJPL11000104", for F-BIDR,
‘NJPL11000105', for F-TBIDR,
'‘NJPL11000106", for F-SBIDR,
‘NJPL11000107', for F-XBIDR,
'NJPL11000108", for F-UBIDR.
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The following values shall appear in the image data record secondary header (see
section 3.4.1):

BIDR secondary label type (bytes 0-1): Image data annotation field.
length = 2 bytes
value = 2 (unsigned 16-bit integer)
BIDR secondary label length (bytes 2-3): Number of bytes in secondary header starting
with byte 4.
length = 2 bytes
value = 68 (unsigned 16-bit integer)

The format of the orbit number field is specified in section 3.4.1.1. The following values
shall appear in the image data record annotation block (see sections 3.4.1.2 and

3.4.1.2.1):

Data class (byte 0): Single-look image data.
length = 1 byte
value = 34 (unsigned 8-bit integer) for sinusoidal projection
98 (unsigned 8-bit integer) for oblique sinusoidal projection
i {byte 1): Number of bytes in the annotation fieid.
length = 1 byte .
value = 64 (unsigned 8-bit integer).

The data block is specified in sections 3.4.2, 3.4.2.2, and 3.4.2.2.2.

Processing Parameter Records:

The following values shall appear in the processing parameter record primary header
(see section 3.4):

NJPL primary label type (bytes 0-11): Indicates an NJPL logical record (ASCIl length

field).

length = 12 bytes .

value = 'NJPL11000104', for F-BIDR,
‘NJPL11000105’, for F-TBIDR,
‘NJPL11000106", for F-SBIDR,
'NJPL11000107", for F-XBIDR,
‘NJPL11000108", for F-UBIDR.

NJPL primary label length (bytes 12-19): Number of bytes in logical record starting with

byte 20.
length = 8 bytes
value = ‘00001295’

The following values shall appear in the processing parameter record secondary
header (see section 3.4.1):

BIDR secondary label type (bytes 0-1): Burst ID annotation field.
length = 2 bytes
value = 4 (unsigned 16-bit integer)
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BIDR secondary label length (bytes 2-3): Number of bytes in secondary header starting
with byte 4. -
length = 2 bytes
value = 11 (unsigned 18-bit mteger)

The format of the orbit number field is specified in section 3.4.1.1. The following values
shall appear in the processing parameter record annotation block (see sections 3.4.1.2

and 3.4.1.2.2):

Data class (byte 0): Processing parameters.

length = 1 byte
value = 4 (unsigned 8-bit integer) for sinusoidal projection
68 (unsigned 8-bit integer) for oblique sinusoidal projection
(byte 1): Number of bytes in the annotation field.

length = 1 byte
value = 7 (unsigned 8-bit integer).

The data block is specified in sections 3.4.2 and 3.4.2.3, and Appendix C.

Multi-Look Image Data Records:

The following values shall appear in the image data record primary header (see
section 3.4):

NJPL primary label type (bytes 0-11): Indicates an NJPL logical record (ASCII length

field).

length = 12 bytes

value = 'NJPL11000104’, for F-BIDR,
'NJPL11000105’, for F-TBIDR,
‘NJPL11000106°, for F-SBIDR,
'NJPL11000107', for F-XBIDR,
'NJPL11000108", for F-UBIDR.

The following values shall appear in the image data record secondary header (see
section 3.4.1): )

BIDR secondary label type (bytes 0-1): Image data annotation field.
length = 2 bytes
value = 2 (unsigned 16-bit integer) »
BIDR secondary labetl length (bytes 2-3): Number of bytes in secondary header starting .
with byte 4.
length = 2 bytes
value = 68 (unsigned 16-bit integer)

The format of the orbit number field is specified in section 3.4.1.1. The following values
shall appear in the image data record annotation block (see sections 3.4.1.2 and
3.4.1.2.1):
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Data class (byte 0): Single-look image data.

length = 1 byte
value = 2 (unsigned 8-bit integer) for sinusoidal projection
66 (unsigned 8-bit integer) for oblique sinusoidal projection

length = 1 byte :
value = 64 (unsigned 8-bit integer).

The data block is specified in sections 3.4.2, 3.4.2.2, and 34.2.2.1.

{byte 1): Number of bytes in the annotation field.

3-56
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APPENDIX A
GLOSSARY

aggregation: A collection of objects. An SFDO may be an aggregation of data objects,
provided it is delimited using approved labeling techniques (see ref. [4]).

barycentric dynamical time (TDB): Used as a time scale of ephemerides referred
to the barycenter of the solar system.

byte: Eight contiguous bits starting on an eight-bit boundary; octet. A byte rnay be
used to store one ASCII character.

contiguous: Physically adjacent; containing no gaps.
data object: A set of related data treated as a unit. May consist of several fields.

data physical record, data record: For the F-BIDR, any physical record which'is
not a tape volume header/trailer or a file header/trailer.

data unit: A collection of data objects defined by data interchange standards that
incorporate format-referencing methodologies.

DOY time format: Use of decimal digits to represent a time, with separate fields for
year A. D., day of year, hour, minutes, seconds, and thousandths of seconds. For
example, 87/046-16:23:32.109 represents 4:23:32.109 p.m., March 15, 1987.

fleld: A component of a data object with attributes of length and representation
(number or alphanumeric) and which is contiguous. The instance of a field is the field
value.

file (magnetic tépe): A named set of data records, delimited by special header and
trailer records.

flag: Any binary-valued datum.

Image data record: F-BIDR logical record containing image data in the format
specified in 3.4 of this document.

interrecord gap: A blank space deliberately placed between physical records on the
recording surface of a magnetic tape.

label: A field in a data object that describes and/or delimits the object. A header
label appears at the beginning of an object; a trailer label appears at the end. If an
object has several header labels, the first one is the primary header; the second is
the secondary header; the third, if any, is the tertiary header; and so forth. In a
TLYV object, the header label comprises the type and length fields.

logical record: An F-BIDR logical record is an NJPL0001 SFDO.

NJPL: Identifier for the NASA/JPL SFDU Control Authonty, which keeps a catalog
of formats and codes for locally defined data objects. Used in primary header type
fields.
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NJPLO001: Envelope structure defined by JPL, used to aggregaté JPL compressed-
‘header data objects. See the JPL SFDU Usage and Description document, JJPL0006-00-

01.

observed (computed) antenna temperature: The temperature an infinite
blackbody would have to account for the radiation power incident upon the receiving
antenna. .

physical record: All physical records have a fixed length of 32500 bytes. Magnetic
tape physical records are separated by inter-record gaps. Within a file, physical
records are created every 32500 bytes regardless of logical record size and boundaries.

processing parameter record: F-BIDR logical record containing parameters used
in generating the F~BIDR, in the format specified in 3.4 of this document.

record: A set of related data treated as a unit. May consist of several fields. See
logical record and physical record.

SCLK 15-character ASCIl format: A 15-byte ASCII character string representing a
time generated by the 48-bit spacecraft clock. The format is ’

"XXXXXXXX.YY.Z.A"

where

"XXXXXXXX"= 8 characters representing the RIM count
"YY" = 2 characters representing the Mod91 count

"Z" =1 character representing the Mod10 count

"A" =1 character representing the Mod8 count

A period (decimial 46) is used to separate each field.

Standard Formatted Data Object (SFDO): A data object whose contents conform
to the set of guidelines given in ref. [4].

Standard Formatted Data Unit (SFDU): Data units that conform to CCSDS
standards for structure and field specification definition. An SFDU consists of two or
more SFDOs, the first of which has to be a Primary SFDO (a "Z" class SFDO).

string: A contiguous set of bytes containing ASCII characters,

surface brightness temperature: If the planet were a perfect blackbody, the
temperature that blackbody would be to account for the power originating from the
planet surface. For the algorithm to be used for radiometer processing, the radiation
originating from the planet surface includes thermal radiation emitted by the
surface, and radiation emitted by the atmosphere and reflected from the surface.

TLV object: A data object consisting of a TYPE field, a LENGTH field, and a VALUE
field, in that order.

volume (magnetic tape): A reel of magnetic tape, whose meaningful contents are
delimited by special header and trailer records.
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APPENDIX B
DATA REPRESENTATION

Floating-point values written on F-BIDRs will be represented using DEC F_floating and
D_floating formats. Integer values will be represented using unsigned binary and signed
two's-complement formats. The following descriptions were obtained from the VAX
Architecture Handbook (Digital Equipment Corporation, Maynard, Massachussetts,
1986).

B.1

Single-Precision Floating-Point Data

A single-precision floating-point number (also called "F_floating") occupies four
contiguous bytes. The bits are labeled from the left starting at 0 and terminating with
31. Within each field, bits are ordered from most-significant to least-significant as
follows:

field MSB-to-LSB

exponent  14-7
fraction  6-0, 31-16

Bytes are numbered in the order they will appear on tape (byte 0 written first, byte 1
second, etc.). Bits are assigned to bytes as follows:

byte bits
0 0-7
1 8-15
2 16-23
3 24-31

The F_floating format is illustrated below.

Single-Precision Floating-Point Format

bit number 0 1 2 3 4 5 6 7 B 91011 12 13 14 15
T I o

bytes 0-1 ] FRACTION | EXPONENT | SIGN}
| i [ !
i |

bytes 2-3 | FRACTION |
L 1

- 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
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Bit 15, the sign bit, is 1 if the value is negative. Bits 7 through 14 express an excess-128
binary exponent, and bits 0 through 6 and 16 through 31 are a normalized 24-bit fraction
with the redundant most significant fraction bit not represented. '

The exponent field is 8 bits long. If it contains 0, the entire number has a value of zero.
Exponent values are excess-128; i. e, values of 1 through 255 represent true binary
exponents of 127 through +127. ’

It should be noted that an F_floating number with a sign bit value of '1' and an exponent
value of '0' is "reserved” by VAX/VMS, and is not a valid number.

F_floating data values are in the approximate range 0.29x10% through 1.7x10%. The
precision is approximately one part in 22 or seven decimal digits.
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B.2

Double-Precision Floating-Point Data

A double-precision floating-point number (also called "D_floating") occupies eight
contiguous bytes. The bits are labeled from the left starting at 0 and terminating with
63. Within each field, bits are ordered from most-significant to least-significant as
follows:

field MSB-to-LSB

exponent  14-7
fraction  6-0, 31-16, 47-32, 6348

Bytes are numbered in the order they will appear on tape (byte 0 written first, byte 1
second, etc.). Bits are assigned to bytes as follows:

(=g
-~
(g]

bits

0-7
8-15
16-23
24-31
32-39
4047
48-55
56-63

NANULE WN=O 1’<

The D_floating format is illustrated below.

Double-Precision Floating-Point Format

bit number 0 1 2 3 4 5 6 7 8 910 11 12 13 1415
v T ] ] T
bytes 0-1 { FRACTION | EXPONENT | SIGN]
L | 1 1
! i
bytes 2-3 | . FRACTION |
| I
i i
bytes 4-5 i FRACTION i
| |
i I
bytes 6-7 | FRACTION |
i L

48 49 S0 51 52 S3 54 55 56 57 58 53 60 61 62 63

The form of D_floating data is identical to F_floating data except for an additional 32
low-significance bits. -
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Bit 15, the sign bit, is 1 if the value is negative. Bits 7 through 14 express an excess-128
binary exponent, and bits 0 through 6 and 16 through 63 are a normalized 56-bit fraction
with the redundant most significant fraction bit not represented.

The exponent field is 8 bits long. If it contains 0, the entire number has a value of zero.
Exponent values are excess-128; i. e., values of 1 through 255 represent true binary
exponents of 127 through +127.

It should be noted that an D_floating number with a sign bit value of '1" and an
‘exponent value of '0' is "reserved” by VAX/VMS, and is not a valid number.

D_floating data values are in the approximate range 0.29x10- through 1.7x10%. The
precision is approximately one part in 2% or 16 decimal digits.
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B.3

Integer Data

Integer data are stored in a binary format that may be unsigned or signed. Unsigned
integers are interpreted as being strictly positive.

Signed integers are represented in two's complement form. In this format, if the Most
Significant Bit (MSB) is zero, a number is interpreted as being positive; if the MSB is
one, then the number is negative. A negative number is represented by the value which
is one greater than the bit-by-bit complement of its positive counterpart.

The value of an eight-bit unsigned integer is in the range of 0 through 255. The value of
an eight-bit signed integer is in the range of -128 to 127.

The value of an 16-bit unsigned integér is in the range of 0 through 65,535. The value of
a 16-bit signed integer is in the range of -32,768 to 32,767. :

The value of an 32-bit unsigned integer is in the range of 0 through 4,294,967,295. The
value of a 32-bit signed integer is in the range -2,147,483,648 to 2,147,483,647.

On a magpnetic tape, the bytes of an integer increase in significance in the order in which
they are written. That is, the first byte written is the lowest-order byte; the last byte
is the highest.
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APPENDIX C
TABLE OF SDPS PROCESSING PARAMETERS

This table identifies the processing parameters that shall be written on F-BIDRs. The
. structure of the records in which they will be stored is specified in Section 3.4 of this document.
Definition of the quantities is given in Appendix F of this document.

Notes:

1. All values are instance-dependent, and except where noted, are single-precision
floating-point numbers. Data formats are described in Appendix B.

2. The apparent ranges and the Doppler frequencies for both the radiometric reference
and geometric non-centered reference points are relative to the center reference point.

3. All longitudes are given in degrees East and range from 0 to 360.

General Processing Parameters

Parameter 1 (bytes 0-3): EDR burst counter (increments from 1 beginning with the first burst on
the EDR), unsigned VAX integer.

Parameter 2 (bytes 4-11): Burst start time in TDB seconds since epoch J2000, double-precision
VAX floating point.

Parameter 3 (bytes 12-19): Burst reference time in TDB seconds since epoch J2000, double-
precision VAX floating point.

Parameter 4 (bytes 20-27): Burst center time in TDB seconds since epoch J2000, double-precision
VAX floating point.

Parameter 5 (bytes 28-31): Echo delay time in seconds. 4

Parameter 6 (bytes 32-35): "Test" flag (1 = burst consists of test data, 0 = otherwise), unsigned
VAX integer.

Parameter 7 (bytes 36-39): "Anomaly” flag (1 = burst is below data quality threshold and so
was not processed, 0 = otherwise), unsigned VAX integer.

Parameter 8 (bytes 4043): "Error" flag (1 = an error occured during processing which prevented
this burst from being processed, 0 = otherwise), unsigned VAX integer. :

Parameter 9 (bytes 44-47): Projection used for this processing parameter record (1=sinusoidal;
2=oblique sinusoidal; 3=record is sinusoidal, burst is processed into both; 4=record is

" oblique sinusoidal, burst is processed into both), unsigned VAX integer.
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Spacecraft State Parameters

Parameter 10 (bytes 48-51):
meters.

Parameter 11 (bytes'52-55):

meters.

Parameter 12 (bytes 56-59):

meters.

Parameter 13 (bytes 60-63):

meters.

Parameter 14 (bytes 64-67):

meters.

Parameter 15 (bytes 68-71):

meters.

Parameter 16 (bytes 72-75):

meters/sec.

Parameter 17 (bytes 76-79):

meters/sec.

Parameter 18 (bytes 80-83):

meters/sec.

Parameter 19 (bytes 84-87):

meters/sec.

Parameter 20 (bytes 88-91):

meters/sec.

Parameter 21 (bytes 92—95):

meters/sec.

Parameter 22 (bytes 96-99):

in meters/sec2.

X-component of spacecraft position vector in J2000 coordinates, in
Y-component of spacecraft position vector in J2000 coordinates, in

Z-component of spacecraft position vector in J2000 coordinates, in

X-component of spacecraft position vector in VBF85 coordinates, in
Y-component of spacecraft position vector in VBF85 coordinates, in

Z-component of spacecraft position vector in VBF85 coordinates, in

X-component of spacecraft velocity vector in J2000 coordinates, in
Y-component of spacecraft velocity vector in J2000 coordinates, in

Z-component of spacecraft velocity vector in J2000 coordinates, in

X-component of spacecraft velocity vector in VBF85 coordinates, in
Y-component of spacecraft velocity vector in VBF85 coordinates, in

Z-component of spacecraft velocity vector in VBF85 coordinates, in

X-component of spacecraft acceleration vector in J2000 coordinates,

Parameter 23 (bytes 100-103): Y-component of spacecraft acceleration vector in J2000

coordinates, in meters/secZ.
Parameter 24 (bytes 104-107): Z-component of spacecraft acceleration vector in J2000

coordinates, in meters/

Parameter 25 (bytes 108-111): X-component of spacecraft acceleration vector in VBF85

coordinates, in meters/sec2.
Parameter 26 (bytes 112-115): Y-component of spacecraft acceleration vector in VBF85

coordinates, in meters/sec2,
Parameter 27 (bytes 116-119): Z-component of spacecraft acceleration vector in VBF85

coordinates, in meters/
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Parameter 28 (bytes 120-123): q}, first boresight pointing quaternion (derived from MQPC file).
Parameter 29 (bytes 124-127): q2, second boresight pointing quaternion (derived from MQPC file).
Parameter 30 (bytes 128-131): 3, third boresight pointing quaternion (derived from MQPC file).
Parameter 31 (bytes 132-135): g4, fourth boresight pointing quaternion (derived from MQPC file).

Parameter 32 (bytes 136-139): Delta q1, difference between uplinked and measured value of
first boresight pointing quaternion element (uplinked - measured), as reported in
telemetry. Will be zero if not used.

Parameter 33 (bytes 140-143): Delta q2, difference between uplinked and measured value of
second boresight pointing quaternion element (uplinked - measured), as reported in
telemetry. Will be zero if not used.

Parameter 34 (bytes 144-147): Delta g3, difference between uplinked and measured value of
third boresight pointing quaternion element (uplinked - measured), as reported in
telemetry. Will be zero if not used.

Parameter 35 (bytes 148-151): Delta q4, difference between uplinked and measured value of
fourth boresight pointing quaternion element (uplinked - measured), as reported in
telemetry. Will be zero if not used.

Parameter 36 (bytes 152-155): X-component of boresight unit pointing vector in VMES85
spacecraft-centered coordinates. ‘ ‘

Parameter 37 (bytes 156-159): Y-component of boresight unit pointing vector in VMES5
spacecraft-centered coordinates.

Parameter 38 (bytes 160-163): Z-component of boresight unit pointing vector in VMES85
spacecraft-centered coordinates. '

Parameter 39 (bytes 164-167): X-component of boresight unit pointing vector in VBF85
. spacecraft-centered coordinates.

Parameter 40 (bytes 168-171): Y-component of boresight unit pointing vector in VBF85
spacecraft-centered coordinates.

Parameter 41 (bytes 172-175): Z-component of boresight unit pointing vector in VBF85
spacecraft-centered -coordinates.

Parameter 42 (bytes 176-179): Look angle, in degrees.

Boresight Intercept Point (BIP) Parameters

Parameter 43 (bytes 180-183): X-component of Boresight Intercept Point (BIP) vector in VBF85
coordinates, in meters.

Parameter 44 (bytes 184-187): Y-component of BIP vector in VBF85 coordinates, in meters.

Parameter 45 (bytes 188-191): Z-component of BIP vector in VBF85 coordinates, in meters.

Parameter 46 (bytes 192-195): BIP longitude, in degrees.

Parameter 47 (bytes 196-199): BIP latitude, in degrees.

Parameter 48 (bytes 200-203): Terrain elevation at BIP above nominal planet surface of radius
6051, in meters.

Parameter 49 (bytes 204-207): BIP incidence angle in degrees.
Parameter 50 (bytes 208-211): BIP apparent range, in meters.

Parameter 51 (bytes 212-215): BIP instantaneous Doppler frequency, in Hertz.
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Parameter 52 (bytes 216-219): Doppler drift rate along range, in Hertz/meter.

Mid-Range Point (MRP) Parameters

Parameter 53 (bytes 220-223): MRP Incidence angle.

Parameter 54 (bytes 224-227): BIP backscattering coefficient eéxpressed as a function of ‘B[P
incidence angle (reference parameter #49) - 0.5 degrees', ,

Parameter 55 (bytes 228-231): MRP latitude, in degrees.

Parameter 56 (bytes 232-235): MRP longitude, in degrees.
Parameter 57 (bytes 236-239): MRP elevation, in meters.

Parameter 58 (bytes 240-243): Apparent range to the first range sample in the truncated
framelet, in meters.

Parameter 59 (bytes 244-247): MRP apparent range, in meters,

Parameter 60 (bytes 248-251): MRP instantaneous Doppler frequency, in Hertz.
Parameter 61 (bytes 252-255): MRP instantaneous Do