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BACKGROUND

This new revision of the Landsat TM CCT Format Standards has been
produced for two main reasons:
- to describe features that have been changed or added to the digital
product since last revision of this document (e.g. Calibration Volume)
- to introduce a new standard to represent the description,
explanation and content of each record on the CCT. The records are
presented as a table in the sequence they appear for the first time on
the tape, and all the information concerning each field is grouped
allowing easy comparison between format and real data.

Any inaccuracies or problems encountered by the users should be
reported to:

Pascal GILLES

Quality Control Service

E.P.O.

ESRIN Via Galileo Galilei I 00044 Frascati
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CHAPTER 1

INTRODUCTION

The LANDSAT System has been set up in 1972 with the launch of the
LANDSAT 1 satellite which was followed by LANDSAT 2 in 1975 and
LANDSAT 3 in 1978. These 3 satellites carried on board two sensors the
Multispectral Scanner (MSS ) and the Return Beam Vidicon ( RBV ). In
July 1982, LANDSAT 4 was launched with ,on board, in addition to the
MSS a new sensor called Thematic Mapper ( TM ) which transmitted data
only till February 1983 due to a satellite down-link failure. A new
satellite LANDSAT S5, with similar characteristics has been launched on
March 1lst 1984. '

The ground activities of NOAA and the foreign operators of
LANDSAT stations are coordinated within the LANDSAT Ground Station
Operator Working Group (LGSWOG), a subgroup of which the so called
LANDSAT TECHNICAL WORKING GROUP (LTWG) has developed and recommended a
co-ordirated TM standard format.

Chapter 2 of this document defines the Computer Compatible Tape
(CCT) format for raw or system-corrected Landsat Thematic Mapper (T¥)
imagery data acquired from the Landsat 4 and 5 satellites and supplied
to users, by ESA/EARTHNET ground systems.

Chapter 3 contains the detailed descriptions of the volumes,
files and record types used in the definition of the CCT format.

The ESA Landsat TM CCT product conforms in most of his aspects to
the Standard format family as defined by the LTWG. ANNEX 1 has been
used to give an overview of that family and detailed explanations of
those records which are common to all members of the Standard format
family.
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CHAPTER 2

LANDSAT TM PRODUCT DEFINITION

2.1 LANDSAT THEMATIC MAPPER

This section to be supplied at a later date. It does not affect the
format specification itself, but supplies only background information.
It will contain an overview of the Thematic Mapper (TM), the Payload
Correction Data (PCD) and the mission telemetry.
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2.2 PRODUCT ORGANISATION

Landsat TM raw and system-corrected data are provided in CCT form
recorded at either 1600 bpi or 6250 bpi, in a format conforming to the
constraints of the Standard CCT family of tape formats. The
recommendations of the LTWG have been followed in detail in the
construction of the ESA TM CCT format.

The products consist of a full scene or one gquadrant (plus overlap)
of a Worldwide Reference System (WRS) scene, as-'recorded by one or
more of the seven TM spectral bands. The WRS is an indexing system
for orbits (paths) and frame centres (rows) along each of the paths.
Landsat 4/5 WRS full scenes of imagery data are preset at 23.92
second increments of spacecraft time in either 'direction
calculated from the equator,and thus correspond to a ground coverage
area of approximately 185 kms wide by 160 kms in the along-track
direction. A full scene product has an overlap with adjacent scenes
of 6 kms at the top (northern-most data line) and at the bottom
(southern-most data line), and is therefore about 183 kms wide by
172 kms in the along track direction. A product is divided into
four guadrants, each containing equal numbers of lines and pixels,
nominally about the WRS frame centre, where quadrant 1
contains the upper left quarter of the scene, quadrant 2 contains the
upper right quarter, quadrant 3 contains the lower left quarter and
quadrant 4 contains the lower right gquarter of the scene. Considerable
variation in the location of the nominal WRS scene centre pixel will
occur due to orbital and attitude variations. :

ESA full scene or quadrant will have overlaps of about three percent
ir the along-track direction corresponding to the 80 scan lines (5
full sweeps) from the adjacent quadrant, and one hundred pixels (3
kms) in the cross-track direction. The nominal WRS scene centre in
terms of line number and pixel number will be given in the map
projection record. (Since overlap areas are provided, the nominal WRS
scene centre will be located in all four quadrant products).

The data organisation may be Band Interleaved by Line (BIL) or Band
Sequential (BSQ). In the BIL organisation which contains only one
imagery data file, the video data for one scan line for each of the
requested spectral bands is grouped together BEFORE providing data for
the next scan line. In the BSQ organisation, the video data for ALL
scan lines of each spectral band are grouped together in one
imagery data file and followed by a trailer file.

The trailer file contains scene statistics for the associated imagery
data. The leader file contains scene introductory information, such
as the definition of the full WRS scene of which the quadrant forms a
part, processing parameters, sensor and mission definition, geographic
referencing data, and the radiometric transformation tables.
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2.2.1 LOGICAL VOLUME ORGANISATION

TM data products are organised into logical volumes, which can span
one or more tapes (physical volumes). Although the simplest products
to use will be those which occupy only one physical volume, the
superstructure concepts used in the standard format family
conveniently handle multiple physical volumes, with imagery data split
across physical volumes either between files or between records within
files. As a general rule of thumb, one scene quadrant in three
spectral bands in either the BIL or BSQ organisation can be
accommodated on one CCT recorded at 1600 bpi, one quadrant in all
seven spectral bands can be accommodated on one CCT recorded at 6250
bpi,one full scene in three spectral bands in either BIL or BSQ
organization can be accommodated on one CCT recorded at 6250 bpi and
one full scene in one spectral band can be accommodated on one CCT
recorded at 1600 bpi. .

The raw and system-corrected Landsat TM data set as recommended by the
LTWG consists of two logical volumes, namely, the imagery logical
volume and the supplemental logical volume. These two volumes may be
considered quite independently from each other, from both the product
definition and data processing poirits of view, since both can exist
independently as valid data sets.

Earthnet has added another logical 'volume, namely ,the calibration
logical volume, after the supplemental logical volume and before the
null volume.

2.2.1.1 IMAGERY LOGICAL VOLUME

The first logical volume, termed the imagery logical volume, contains
the imagery data itself and related image-synchronized information,
plus ONLY that support data related to the scene. In other words,
such orbital information as ephemeris and attitude data is
specifically excluded from this volume, as it is station-specific. If
no supplemental information is required, then the data set may
consist of an imagery logical volume only.

2.2.1.2 SUPPLEMENTAL LOGICAL VOLUME

The supplemental logical volume is defined in general terms to contain
station-related processing data, such as annotation, ephemeris and
attitude data, and raw or processed PCD.

The ESA supplemental logical volume consists of one data file only,
whose content is raw PCD and mission telemetry data relevant to
the image data supplied. The content of each PCD record is defined
in relation to one major frame of PCD data, which, in turn, can be
linked to the video data by means of the satellite time code. The
number of PCD records included in the supplemental file is dependent
on the application of the product.
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2.2.1.3 CALIBRATION LOGICAL VOLUME

The calibration logical volume contains calibration data acquired from
the Landsat satellites within the TM data stream. It consist of one
data file that contains calibration data covering 400 TM swaths.

2.3 STANDARD FAMILY CONVENTION

The simplest general construction of one TM product occupying.one
physical tape only would consist of the following files:

VOLUME DIRECTORY FILE - (for imagery logical volume). .

- describes relationship of this logical volume to the complete data
set

- and gives details of the construction of the first logical volume.

LEADER FILE
IMAGERY FILE
TRAILER FILE

VOLUME DIRECTORY FILE - (for supplemental logical volume).

- describes relationship of this logical volume to the complete data
set

- and gives details of the construction of the second logical volume.

SUPPLEMENTAL FILE

VOLUME DIRECTORY FILE - (for calibration logical volume).

- describes relationship of this logical volume to the complete data
set

- and gives details of the construction of the third logical volume.

NULL VOLUME DIRECTORY - terminates the volume set.

However, when the volume set spans multiple physical volumes,
specifically where one constituent logical volume spans more than one
tape, the volume directory file for that logical volume is repeated at
the start of the new tape. Certain fields within that file are
updated to indicate, for example, the new physical volume sequence
number, which file is split, and, if available, the .record sequence
number of the first data record on the new volume.

Figgres 1 and 2 show the organization of the files in the imagery
logical volume for Band Sequential (BSQ) and Band Interleaved (BIL)
data respectively.
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2.4 LEVELS OF CORRECTION

Table 3 gives a generalized overview of the eleven processing
levels and an open-ended set of flags designed to reflect these levels
is found in the leader file scene header record. The adoption of
the terminology for these processing levels is strongly recommended
by the LTWG. Hence, the level of processing applied to products
addressed in this document can be categorized as level 0, 1, 2, 3, 4

or 5 only.

2.4.1 RADIOMETRIC CORRECTION

Absolute radiometric calibration can be applied using the calibration
data supplied in the video data stream (all bands), the calibration
shutter and blackbody temperatures from the PCD (thermal band only),
and prelaunch absolute calibration constants (bands 1 through 5 and 7
only). Alternatively, the absolute calibration may be performed using
pre-flight calibration data only. There are processing flags in the
scene header record to identify the calibration method, any sun angle
illumination or haze correction and any enhancements. For
radiometrically corrected products, coefficients required to convert
the calibrated data to engineering units may be found in the
radiometric calibration ancillary record. The calibration data is
also stored in the suffix area of the video data record. Destriping
may be performed using scene statistics as an integral part of the
radiometric correction process. ‘

In ‘the case-of inoperative detectors, the video data will be replaced
by that for an adjacent detector, and the replacement detector will be
identified in the scene header record.

2.4.2 GEOMETRIC CORRECTION

2.4.2.1 RAW PRODUCTS

Geometrically raw products contain the original TM video data samples
BUT with the following corrections applied on a full scan line basis.

1) The video data for individual detectors are shifted by an integral
number of pixels, on a line by line basis, to account for detector

layout geometry and multiplexer sampling times. Residual sub-pixel
misalignments may remain. Pixels corresponding to geographic
locations NOT sampled by all detectors, on both the forward and the
reverse sweeps, are discarded. (In order for forward and reverse

sweeps to be nominally aligned, the start. of line code for band 1 odd
detectors on the forward sweep is aligned with the end of line code
for band 1 odd detectors on the reverse sweep. The raw image record
contains, in addition to the count of the ACTUAL number of pixels
supplied in the record, the total count of pixels in the ORIGINAL full
scan line. It also contains the raw line length code information
required for subsequent mirror velocity profile corrections.

2) The reverse scan is inverted such that the forward and reverse
scans are nominally registered.
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3) The pixels for the thermal band are each replicated four times
within the scan line, and full scan lines are replicated four times,
such that the pixel to pixel centre spacing is nominally the same for
all spectral bands.

2.4.2.2 SYSTEMATIC CORRECTIONS

The systematic corrections addressed in this document are defined  as
those which can be performed, using a priori information, and other
auxiliary information. They involve only along scan resampling, and
the resampling method is identified in the scene header record.
Products so defined are of level 0, 1, 2, 3, or 4 only. They include:

1) Mirror scan velocity profile corrections using fifth order
polynomials defined individually for the forward and reverse scans,
together with the first half scan and second half scan error times
(which are found embedded in the video data stream).

2) Earth rotation correction.

3) Panoramic distortion and earth curvature correction.

In addition, resampling in two dimensions for jitter and scan gap
corrections can be accommodated within the scope of level 5 products.
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2.5 PRODUCT CLASSIFICATION

2.5.1 STANDARD PRODUCT CLASSIFICATION

Products are classified according to table 3

TABLE 3
Level Classification Geonetric Radiometric Resamp. Map
Forvard/Reverse
0 Uncorrected Scan Line Hone None  None
Correction -
Internal Calibration/
Pre-Flight Data/
Histograms Applied/
1 Radiometrically Same as level *0* Sun Blevation/ Hone  None
Corrected Fila Gamma/Scenic

Corrections/Histogras
. Hean and Standard
Deviation

Sage as Level °1°
Raw Data w/  plus Detector Dis- Level *1° Corrections
2 Corrections  plays,Mirror Scan Calculated and Appended Hone  None

Tables Lenght,Barth Rota- to Data
tion and Attitude
Data
All Level *2° Along
3 Systematic  Corrections Calcul- Hone Lire  Hone

ated and Applied

All Level *2°
Corrections Calcul-
ated and Applied.  Level *1* Corrections Along
{ Systematic Gyro,ADS,ACS, Bphe- Calculated and Applied Line  Hone
meris and Scan Gap to Data
Corrections Calcul-
ated and Appeaded.

All Level *4° Two-  SOX
3 Systematic  Corrections Calcul- Same as Level *4*  Dimen- gTY/
ated and Applied sionnal PS



Level Classification
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Fully
Corrected
Product

fully
Corrected
Product

Systematic

Fully
Corrected
Product
fully
Corrected
Product

Geoaetric

All Level °*§°
Corrections
Plus GCPs
Calculated and
Applied to Data

All Level °§°
Corrections plus
DT Calculated

and Applied to
Data

Same as Level *5°

Sape as Level °6°

Sape as Level '7*

Radiometric

Sage as Level *{*

Same as Level *{*

Same as Level *4'

Same as Level *{°

Same as Level °*4*

Resamp. Hap

Two-  SOM
Dimen- UM/
sionnal S

Two- SOK
Disen-  OTX/
sionnal PS

Two- UK
Digen- Geoc.
sionnal

Two- 07X
Dimen- Geoc.
sionnal

Tvo- UsN
Dimen- Geoc.
sionnal

page 11



page 12

2.5.2 EARTHNET TM PRODUCT CLASSIFICATION

None of the products delivered by EARTHNET matches completely with one
desgription of the standard product classification described in
Table 2.1.

Therefore we have adopted following definitions :

- raw product defined as level "0O"

- system corrected defined as level °5"

which are the most similar to Earthnet products

The standard system-corrected Earthnet TM product is radiometrically
corrected using pre-flight data. However, one can obtain products with
alternative calibration methods as shown in Table 4

TABLE 4
Level Geometric Radiometric
0 Forward/Reverse None
Scan Line Correction
1 Fully Corrected Product Pre-Flight Data
2 Fully Corrected Product Relative Data
3 Fully Corrected Product On-Board Data
4 Fully Corrected Product Pre-Flight plus On-Board Data
5 Fully Corrected Product Relative plus On-Board Data

where a geometrically fully corrected product has been processed for
- forward/reverse scan line correction
- detector displays,mirror scan length,Earth rotation and
attitude data
- Gyro, ADS, ACS, ephemeris and scan gap data
- along line resampling using nearest neighbour method
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2.6 LANDSAT TM CCT FORMAT OVERVIEW

For an overview of the standard family of CCT formats, the reader is
directed to Annex 1. In addition, that Annex also contains
detailed specifications of the format of those records which are
common to all standard format family implementations.

i

2.7 IMAGERY LOGICAL VOLUME OVERVIEW

The only file classes used for the ESA Landsat TM imagery logical
volume are LEADER FILE, IMAGERY FILE and TRAILER FILE, with the
corresponding four-character file class codes of LEAD, IMGY and TRAI
respectively. The following sub-sections describe the file descriptor
record variable segments and the constituent record types for each of
the three file classes. The record types are tabulated in.Table 4.1.

2.7.1 LEADER FILE

The construction of the leader file and of its constituent records has
been defined in detail by the LTWG, and the ESA implementation
conforms precisely to the LTWG definition. (Those fields which have
been allocated by the LTWG as for local use are clearly identified as
such in the appropriate record definition).

Leader files contain the following record types:

File descriptor record;

Scene header record;

Map projection (scene-related) ancillary record;
Radiometric transformation ancillary record.

All leader file records contain the standard twelve bytes of record
introductory data, stored in binary, (namely, record sequence numbgr,
record type and sub-types, and record length). All leader file
records are of a fixed 1length of 4320 bytes, and contain fields
recorded as alphanumeric or numeric strings coded in ASCII or recorded
as 8-bit binary bytes.

2.7.1.1 LEADER FILE DESCRIPTOR VARIABLE SEGMENT

The leader file variable segment gives the number and length of each
of the three different types of record in the leader file, namely,
scene header, map projection ancillary and radiometric ancillary. In
addition, locators are given, supplying the location and format of
thirteen important data fields within the leader file.
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Locators for the leader file are made up in the following way from

i bytes: : o .
§l§§§zg -Ythe sequence number of the record containing the field;

6 bytes - the byte number of the first byte of the field;
3 bgtes - the length of the field (in bytes);
1 byte - a code for the type of data in the field.

The codes are:

A = alphanumeric in ASCII (or EBCDIC)
N = numeric in ASCII (or EBCDIC)
B = binary.

2.7.1.2 SCENE HEADER RECORD

The scene header record used by ESA conforms precisely to the
recommendations of the LTWG and contains five sets of information.
The first four are contained in that area of the record defined
explicitly by the LTWG and the fifth occupies the area allocated for
local use.

The first set defines the quadrant which is contained within the
logical volume, and the full scene of which the quadrant forms a part,
the second relates to fixed information about the mission, the third
defines the sensor parameters and the fourth indicates the processing
options. The fifth tabulates constant geometric parameters for the
sensor, namely, the mirror velocity profile coefficients for the
forward and reverse sweeps, the nature of any detector substitutions
for missing data, the smoothing technique used on data from detectors
whose signal-to-noise response was: judged to be outside
specifications, and the detector adjustments applied for layout
geometry and multiplexer sampling delays.

2.7.1.3 ANCILLARY RECORDS

There are two types of ancillary record, namely map projection and
radiometric ancillary records.

2.7.1.3.1 MAP PROJECTION ANCILLARY RECORD

The map projection ancillary record provides information about the

geometric characteristics ~of the input (raw) and processed imagery
data.

2.7.1.3.2 RADIOMETRIC ANCILLARY RECORD

The radiometric ancillary records contain the radiometric
transformation tables used in converting the raw (8 bit) data to the 8
bit form as stored on this tape. 1In addition, the records contain the
information required to convert linear digital data to the scene
radiance in watts/m2sr. If different radiometric transformation
tables are required for the forward and reverse scans, two records per

band will be provided, wherg the first relates to the forward scan and
the second relates to the reverse scan.
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2.7.2 IMAGERY FILE

The construction of the imagery file and of its constituent records
has been defined in detail by the LTWG, and the ESA implementation
conforms precisely to the LTWG definition. (Those fields which have
been allocated by the LTWG as for local use are clearly identified as
such in the appropriate record definition).

ESA quadrant allocations follow precisely the recommendations of ..the
LTWG, with the nominal WRS scene centre being positioned in the last
pixel of the last scan line of quadrant 1. ESA has chosen to supply
a fixed overlap of lines and pixels for each quadrant and the amounts
of these overlaps are recorded as constant values in the scene header

record of the leader file. These fields defining overlap are
referenced for easy accessibility by locators in the leader file
descriptor variable segment. (This information is not supplied within

the imagery file itself since it specifies the relationship between
this TM product and other TM products, rather than to the construction
of the imagery file itself).

The imagery file contains data records, each of which contains not
only the image data, but also support data such as scan line
identification and quality codes. This support data is physically
separated into the prefix data (which precede the image data pixels),
and suffix data (which follow the image data pixels).

The organization of the imagery file may be Band Sequential (BSQ),
where the file contains image data for one spectral band only, or Band
Interleaved by Line (BIL), where the file contains image data for one
or more spectral bands. The imagery file contains one file descriptor
record, and image records containing full or half scan 1lines and
sensor-related support data.

All imagery file data records contain the standard twelve bytes of
record introductory data (namely, record number, record type and
sub-types, and record length). All imagery data file records are of a
fixed length (of 3600 bytes for quadrant products or of 7020 bytes of
the full scan line . products . In addxt;on, all image data
records are recorded in binary only. Any binary fields occupying more
than one byte are stored with the bytes in descending order of
significance with the most significant being stored first on the tape.
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2.7.2.1 IMAGERY FILE DESCRIPTOR VARIABLE SEGMENT

The imagery file variable segment gives the:number and length of the
image records. In addition, locators are given, sugply;ng the format,
and location within the prefix or suffix area, of nine important data
fields.

Locators for the imagery file are constructed from 8 bytes in the

following way: . . .

4 bytes -~ the byte number, within the prefix or suffix, of the first
byte of the field;

2 bytes -~ length of the field in bytes;

1l byte - a letter indicating that the information is stored in the
prefix (P) or suffix (S); ]
1 byte - a code for the type of data in the field.

The codes are:

A = alphanumeric in ASCII (or EBCDIC)
N = numeric in ASCII (or EBCDIC)
B = binary.

The remainder of the variable segment contains detailed information on
how the image pixels are packed within groups of bytes, the range and
justification of individual pixels, the size (if any) of left, right,
top and bottom borders, the size of the prefix and suffix data, and
finally the nature of the packing of multispectral lines.

For ESA Landsat TM data, each image pixel is ALWAYS ‘stored as one
8-bit byte, and each portion of the scan line, as defined in the

produgt definition, for each detector occupies one complete physical
record.

2.7.2.2 IMAGE RECORD

The definition of the image record, as recommended by the LTWG, is
reproduceq he;e in detail, such that the user has an understanding of
the relationship between products supplied by ESA and those supplied

by other agencies. The rest of this document addresses i tai
products corrected ONLY up to level 5. in detail ESa

Each image record contains the following groups of data:

1.The twelve bytes of standard record introductory data

(i.e. record numbe . -
length) r, record type -and sub types, and record

2.Twenty bytes of prefix data

3.EITHER

3500 Dbytes of image data corrected at a 1

3 s evel u to d
;niiudxng level 5. It consists of all of the image dgta of 22e
a scan line of one detector, and includes 1left fill and

right fijll i i :
quadrant prodhet. o' " ©Verlap pixels, as defined for the
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OR .
6920 bytes of image data corrected at a level up to and
including level 5. It consists of all the image data of one

scan line of one detector, and includes left fill and right
fill pixels.

OR

4220 bytes of image data, corrected at levels 'S5, 6 or 7,
projected onto the Space Oblique Mercator (SOM) (or other)
grid. It consists of all the image data for one quadrant of one
detector, where the quadrants are defined in relation to the WRS
scene centre, and includes left fill and right £ill pixels,
and overlap pixels, as defined for the quadrant product.
(The image data area requirements for this type of product are
large since the quadrants are located EXACTLY about the WRS
scene centre, the location of which may vary considerably in
the original raw scene).

4.Sixty eight bytes of suffix data.

Most of the prefix data and suffix data are located by the file
descriptor record variable segment for the imagery file. It should be
noted that the location of such data is IDENTICAL to that for ESA MSS
data. In order to achieve nominal geometric registration between
adjacent scan lines from different detectors from various spectral
bands, the detector adjustments 'shown in Table 3.3.2.3 (and also
recorded in the header record of the leader file) have been made to
compensate for layout geometry and multiplexer sampling delays. (A
flag to indicate this correction is available in the header record of
the leader file).

2.7.3 TRAILER FILE

The construction of the trailer file and of its constituent records
has been defined in detail by the LTWG, and the ESA implementation
conforms precisely to the LTWG definition. (Those fields which have
been allocated by the LTWG as for local use are clearly identified as
such in the appropriate record definition).

Trailer files follow image data files, supplying information
associated with the image data which could not always be ascertained
before writing the image data. This includes data quality, recording
quality and data summaries. One trailer file is associated with each
imagery file. Hence, for BSQ structures, which contain one imagery
file for each band, there is one trailer file for each band. For BIL

structures, which contain one imagery file accommodating more than one
spectral band, there is only one trailer file.

Each trailer file contains the following records:
File descriptor record;

Trailer records containing grailer data for all bands of imagery 3in
the associated imagery file.
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All trailer file records contain the standard twelve bytes of record
introductory data stored in binary (namely, record number, record type
and sub-types, and record length). All trailer file records are of a
fixed length of 4320 bytes. All data fields are stored either as
alphanumeric or numeric strings recorded in ASCII, or as 32-bit binary
values. Any binary fields occupying more than one byte are stored
with the bytes in descending order of significance with the most
significant being stored first on the tape.

2.7.3.1 TRAILER FILE DESCRIPTOR VARIABLE SEGMENT

The trailer file variable segment gives the number and length of
trailer records. In addition, locators are given, supplying the
location and format of two important data fields.

Locators for the trailer file are constructed, in an identical manner
to those for the leader file, from 16 bytes in the following way:
6 bytes - the record number of the record containing the field;
6 bytes - the byte number of the first byte of the field;
3 bytes - the length of the field (in bytes);
1 byte - a code for the type of data in the field.
The codes are:

A = alphanumeric in ASCII (or EBCDIC)
N = numeric in ASCII (or EBCDIC)
B = binary.

2.7.3.2 TRAILER RECORD

There are two sets of four trailer records for each of the bands
accommodated in the related image data file, where the first set
relates to the forward mirror sweep and the second set corresponds to
the reverse mirror sweep. Trailer records contain the parity error
count and a quality summary, stored in ASCII. In addition, each
trailer record contains the histogram of the raw data for four
de;gctors, where each histogram entry is stored as a 32-bit binary
number.
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2.8 SUPPLEMENTAL LOGICAL VOLUME QVERVIEW

The only file class used in the ESA TM Suppl i

. PPlemental logical i
SUgPLEMENTAL FILE, with the corresponding fourgcharaczgiugfagg
code, ~SUPP. The following Sub-sections describe the file descriptor
record variable segment and the constituent record types. P

2.8.1 SUPPLEMENTAL FILE

The LTWG has not defined in detail the constructi

supplemental fi}e, since the contents of the file depegg heggilytgﬁ
individual station processing techniques. However, the variable
segment of the file descriptor record for the supplemental file has
been designed by the LTWG and is used by ESA.

Supplemental files, as used by ESA, contain the following records:

File descriptor record;

Interval header record;

TM housekeeping data record;
Ephemeris and attitude data record;
Raw jitter measurements data record;
Mission telemetry data record.

All supplemental file records contain the standard twelve bytes of
record introductory data, stored in binary, (namely, record sequence
number, record type and sub-types, and record length). All the data
records are supplied to cover a user-specified time interval, which
may be considered as any integral number of Payload Correction Data
(PCD) major frames, or of Telemetry major frames. As explained in
Section 2.3.1, the counts of records in +the supplemental logical
volume and in the imagery logical volume are independent of each
other. (However, the data within one logical volume may be correlated
with the data in the other logical volume by using the time code
information supplied in each).

2.8.1.1 SUPPLEMENTAL FILE DESCRIPTOR RECORD VARIABLE SEGMENT

The supplemental file variable segment gives the number and length of
each of the twelve different types of record in the supplemental file.
In addition, locators are given, supplying the locapion and format of
two important data fields within the supplemental file.
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Locators for the supplemental file are constructed from sixteen bytes
i wing way: ol . )
Enb;ggsfgltgelsgqueice number of the record containlng Eve field;
6 bytes - the byte number of the first byte of the field;
3 bytes - the length of the field (in bytes): . &
1 byte - a code for the type of data 1in the field.

The codes are:

A = alphanumeric in ASCII (or EBCDIC)
N = numeric in ASCII (or EBCDIC)
B = binary.

2.8.1.2 INTERVAL HEADER RECORD

The interval header record defines the start and stop times of the PCD
data supplied within the supplemental logical volume.

2.8.1.3 TM HOUSEKEEPING DATA ANCILLARY RECORD

Each TM housekeeping data record contains all the information required
to interpret thirty two elements from the TM housekeeping telemetry
data, as supplied in the PCD. In addition, the expanded content of
five serial words is also supplied. Since there is only one block of
TM housekeeping telemetry data in a set of four PCD major frames,
there will be only one TM housekeeping data record for every 16.384
seconds of imagery data. Since one scene of TM video data occupies
approximately 25 secs, either . two or three TM housekeeping data
ancillary records are required to span the full scene.

2.8.1.4 EPHEMERIS AND ATTITUDE ANCILLARY RECORD

Each ephemeris and attitude ancillary record contains all the
ephemeris data, attitude data, gyro data and gyro drift data from one
major frame of PCD, which spans a time period of 4.096 secs. At least

six ephemeris and attitude data ancillary records are required to span
one full scene of TM video data, which occupies approximately 25 secs.
(The gyro data comes from the attitude control inertial reference
units, which have been designed to measure jitter in the nominal
frequency range from 0.01 to 2.0 Hz).

2.8.1.5 RAW JITTER MEASUREMENTS ANCILLARf RECORD

Each raw jitter measurements ancilla record contains all the
nggrm%tlon obtained from the three-axig Angular Displacement Sensor
éccu;iegomaha%f of one major frame of PCD, where one PCD major frame
OCEUDIeS s 1mgllperlod of 4.096 secs. At least twelve raw jitter
poamtes > ancillary records are required to span one full scene of

eo ata, which occupies approximately 25 secs. (The ADS has

been designed to meas 1 : :
frequency range 2 to %5? ;2?.magnltude of ‘the }itter din whe neminal
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2.8.1.6 MISSION TELEMETRY ANCILLARY RECORD

The contents of the mission telemetry ancillary record are taken
directly from one major frame of mission telemetry data. It consists
of ephemeris and attitude data and several temperature measurements.
It is not normally required for TM products, since identical
information is available in the PCD.

2.9 CALIBRATION LOGICAL VOLUME OVERVIEW

The Calibration Logical Volume has been designed bye ESA-Earthnet to
supply the calibration data acquired from the Landsat 4 and 5
satellites within the Thematic Mapper data stream. The Calibration
Logical Volume is included in the standard ESA-Earthnet Thematic
Mapper CCT products. The Calibration Logical Volume takes place, in
the ESA-Earthnet TM CCT, after the Supplemental Logical Volume and
before the Null Volume. The format of the Calibration Logical Volume
follows the format of the Supplemental Logical Volume, and more in
general, the format of the logical volumes of the Landsat family

products, as designed by the LTWG. The Calibration Logical Volume
contains two files:

the Volume Directory File
the Calibration Data File.

The only file class used in the ESA-Earthnet TM Calibration logical
volume is CALIBRATION FILE, with the corresponding four-character
class code CALB. The following sub-sections describe the volume
directory file and the calibration file.

2.9.1 CALIBRATION FILE

The LTWG has not defined in detail the construction of the
calibration file, since the contents of the file depend heavily on
individual station processing techniques. However, the fixed
segment of the file descriptor record for the calibration file has
been designed by the LTWG and is used by ESA-Earthnet.

Calibration file, as used by ESA-~Earthnet, contain the following
records:

File descriptor record;
Calibration data records.

All calibration file records contain the standard twelve bytes of
record introductory data, stored in binary, (namely, record sequence
number, record type and sub-types, and record length). The
calibration data are supplied to cover a time interval of 400 Thematic
Mapper swaths, i.e. 28.584 seconds of satellite flight time. The
counts of records in the calibration logical volume and in
the imagery logical volume are independent of each other.
(However, the data within one logical volume may be correlated with
the data in the other logical volume by using the pointer
supplied in the file descriptor record - variable portion).
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CHAPTER 3

LANDSAT TM LOGICAL VOLUME DEFINITIONS

This chapter is devoted to the detailed file and record construction
of the CCT, and is organized so that the detailed content of each
record is shown in the order in which it appears on the tape.
Each record is represented as a table consisting of seven fields :
- name of the field or field-group
- field-group indicator (nothing if single field, "*" if field-
-group)
starting byte of this field (field-group) in this record
last byte of this field (field-group) in this record
format in which the data of this field is written on tape
definition and explanation of the content of this field
actual content of the field if it is a constant for an EPO product

The data is- written on and should be read from the tape using the
standard fortran format as described in the fifth field and explained
below:

xBn ¢ x times data written in binary form on n bytes
(unformatted)
xIn : x times data written as integer values formatted on n digits

for example 123 written as 1I4 is: " 123"

xFn.m : x times data written as real numbers on a total of n digits
including dot and sign, with m digits for the decimal part
123.456 written as 1F10.4 is: " +123.4560"

%

XxEn.m times data written as real numbers with exponent on a
total of n digits including dot, two signs and "E", with
m digits for the decimal part and two digits for the
exponent

1234.567 written as 1lE14.6 is: " +1.234567E+03"

xAn : Xx strings of n ASCII characters
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3.1 IMAGERY LOGICAL VOLUME - VOLUME DIRECTORY FILE

The Volume Directory File is the first file .of every Landsat TM
logical volume and consists of a Volume Descriptor Record, File
Pointer Records and a Text Record. According to standard format
family conventions, the volume directory file is repeated, with
certain fields updated, whenever a logical volume spans more than one
physical volume. Those fields which are modified when the volume
directory is repeated at the start of a new physical volume are
identified with notes -in the detailed record layout tables.

The five following tables contain the description and content of the
following records :

1. VOLUME DESCRIPTOR RECORD :
There are three file classes in the imagery logical volume, ad the

File Pointer Records contain the names and codes of these file
classes, as follows:

CLASS NAME CLASS CODE FILE CONTENT

LEADER FILE LEAD Scene header, scene-related ancillary records
IMAGERY FILE IMGY Image data records

TRAILER FILE TRAI Trailer records

. FILE POINTER RECORD FOR LEADER FILE
. FILE POINTER RECORD FOR IMAGERY FILE
. FILE POINTER RECORD FOR TRAILER FILE
. TEXT RECORD

WK



{AGERY_VOLOME

JLUNE_DIRECTORY FILE
JLUKE_DESCRIPTOR_RECORD

.eld or field-qroup nage

— 0 OO ~d O Y e s D e

11

- 12

1]
14
15
16
17
18

19

20
21
23
I3
25

26
1

28

23

10
3l
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start last
byte byte format DESCRIPTION AND EXPLANATION CONTENT
1 { B4 Record Sequence Humber 1
5 5 Bl Ist record sub-type code (Decinal) 192
6 6 Bl Record type code (Decimal) 192
1 T Bl Ind record sub-type code (Decimal) 18
8 § Bl 3rd record sub-type code (Decimal) 18
3 12 B4 Llength of this record 360
13 14 A2 ASCII/EBCDIC Flag ; . AS
15 16 A2 2 Blanks i 99
11 28 Al2  Superstructure control document number CCB-CCT-0002
23 30 A2 Superstructure control document revision
nuaber
Al (initially '$C')
31 31 A2 Superstructure record format revision letter
<A (initially *$A*,then *$B’ ext...)
33 4 Al2  Softvare release nuaber
THFR-CCT-<IXD> (initially XXX = 001,then 002,ext.)
5 60 Al6 identifier of logical volume containing this
voluae descriptor : <XNSTYDDDPPPRRRAA>
§1 76 Al6 Physical Volume ID : <AAQYYDDDHHMHSSHH>
17 92 Al6 Volume Set ID , LAHDSATSSSTHSSSS
33 94 12 Huaber of Physical Voluaes in the Set
<§§> vhere §=1,0r2,0r3.
§5 96 12 Physical Volume Humber, Start of Logical  §!
Voluge
87 %8 12 Physical Voluse Number, End of Logical Voluae
<§¥> where H=1,0r2,013.
39 100 12 Physical Volume sequence nuaber (i.e. of
current tape)
<§¥> where H=1,0r2,0r3.
101 104 14 First Referenced File Huaber in this Physical
Yolugme
105 108 14 [Logical Volume Number within Volume Set $9s1
109 112 14 logical Volume Bumber within Physical Volume $981
113 120 A8 Logical Volume Creation Date <TYYTNHDD>
121128 A8 Logical Volume Creation Time <HHMMSSIK>
129 140 12 Logical Voluse Generating Country
ITA - FUCINO or SWE - KIROHA
M1 U8 A8 Logical Volume Generating Agency ESA-EPO
143 160 Al2  Logical Volsee Generating Pacility
ITA - POCINO or SWE - KIRUNA
161 164 14 Huaber of Pointer Records in Volume Directory
: 3 for BIL,(3*n) for BSQ
vhere 2 is the number of spectral bands
165 168 14  Huaber of Records in Volume Directory
5 for BIL,(2+3*n) for BSQ
169 260 92 Voluze Descriptor Spare Seqment Blanks
261 360 AL00 Local Use Segment Blanks
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[XAGERT_VOLONE
YOLOKE_DIRECTORY FILZ
LEADER_FILZ_POINTER RECORD

start last
field or field-group name byte byte format DESCRIPTION AND ZIPLANATION CONTEHT
1 1 { B4 Record Sequence Humber
2 for BIL, 2,5,8,11,14,17 or 20 for BSQ
2 5 5 Bl st record sub-type code 219
3 § § Bl Record type code 192
¢ l 1 Bl nd record sub-type code 18
5 8 8 Bl lrd record sub-type code 13
b 9 12 B¢ Length of this record 360
1 13 14 A2 ASCII/E3CDIC Flag A$
8 15 16 A2 2 Blanks . $
9 1720 14 Referenced File Nuaber
1 for BIL, 1,4,7,10,13,15 or 19 for BSQ
10 21 36 Al6  Refereaced File Nage
LS4§TH<LL>LEADBILS
5 BSga
This field can take as values 2t8%7 combinations
e.q. LS{3THSILEADBSQS where a is the band number
to vhich the associated imagery belongs, and <LL>
. repraseats the level of corrections applied.
11 . 37 64 A28 Referenced Eile Class LEADERSFILE
12 65 68 A4 Referenced File Class Code LEAD
13 89 96 A28 Refereaced File Data Typs HIZ=ZDSBINARY SANCSASTII
14 97 100 A4 Referenced File Data Pype Code ¥BAA
15 101 108 I8 Nuaber of Records in Refsrencad Fila
. 3 +a(or 3+ 2ta) vhere a is the nuaber of
spectral bands in tde related imagery file.
16 109 . 116 I8 Referenced File - Descrictor Record Length 4329
17 117 124 18 Refersaced File ¥aximua 3ecard Leagth 4320
18 125 136 Al2  Referenced File Record Leagth Type FIXZDSLENGTH
1§ 131 10 A Referenced File Record Leagth Type Code FIID
11 1 142 12 Referenced File Physical Volume Humber, Start
of File
<$#> vhere H=1,2 or }
21 143 14 12 Referenced File Physical Volune Humber, End of
File
<$H> where H=!,2 or 3
22 145 152 12 Refereaced File Portion, lst Record Huaber for

this Physical Voluae
: <§H> vhere H=l or a nuober.saaller than field 1

2] 153 160 I8 Referenced file portion, last record number

for this physical volume

J ¢ {or 3+ 2tn) vhere n is the number of
) spectral bands in the related imagery file.
U 161 260 A100 Pointer Spare Segment Blanks
25 261 360 Al00 Local Use Seqaeat Blanks



AGERY VOLUKE
JLONE_DIRECTORY_FILE
YAGERY_FILE_POINTER_RECORD

start last
ield or field-group name byte byte format

DESCRIPTION AND EIPLANATION

1 1 4§ B¢ Record Sequence Humber
3 for BIL, 3,6,9,12,15,18 or 21 for BSQ

2 5 5 Bl Ist record sub-type code

3 § 6 BL Record type code

§ 1 1 Bl Ind record sub-type code

3 8 § Bl 3rd record sub-type code

6 3 12 Bf Length of this record

1 13 14 A2 ASCII/EBCDIC Plag

8 15 16 A2 17 Blanks

§ 17 20 14 Referenced File Nuaber
2 for BIL, 2,5,8,11,14,17 or 20 for BSQ

10 21 36 Al5  Referenced File Name
LS4§TH<LL> INGYBILS

5y BS0a

this field can take as values 2t8¢7 combinations
e.g. LS4STHS2INGYBSQS vhere a is the band number
to which the associated imagery belongs, and <Li>
represents the level of corrections applied.

11 31 64 A28 Referenced Pile Class

. 12 65 68 AY Referenced File Class Code

13 69 96 A28 Referenced Pile Data Type

14 97 100  A! Refereaced File Data Type Code

15 101 108 I8 Humber of Records in Referenced File
n*2944 + 1  where n is the number of
spectral bands in the related imagery file.

18 109 116 18 Referenced File - Descriptor Record Length
3600 for quarter,7020 for full frame

1 117 12¢ 18 Referenced File Maximua Becord Length
3600 for quarter,7020 for fall frame

18 125 136 A12  Refereaced Pile Record Length Type

19 137 140 A4 Referenced File Record Length Type Code

20 Hl M2 I R:ferinced Pile Physical Volume Humber, Start
of File

2 Ul 14 n Re{erenced File Physical Volume Humber, End of
tile

¥ 145 152 12 Referenced File Portion, 1st Record Huaber for
this Physical Volume

1] 153 160 18 Referenced file portion, last record number
for this physical volaze
nt2944 + 1  where n is the nuaber of

) spectral bands in the related imagery file.

2 161 260 Al00 Pointer Spare Segment

25 261 360 AL00 Local Use Segment

CONTENT
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219
192
18
18
360

§

INAGZRYSFILE
INGY
BINARY$ONLT
BIKO

FIXEDSLENGTH
FIXD

sl
§l
§l

Blanks
Blanks



(NAGERY_VOLUKE
YOLUNE_DIRECTORY FILE
TRAILER_FILE_POINTER RECORD

start last
field or field-qroup nase byte byte foramat DESCRIPTION AND EXPLASATION

1 1 § B{ Record Sequence Nugber
{ for BIL, ¢,7,10,13,16,19 or 22 for BSQ

1 5 5 Bl st record sub-type code

] b 6 Bl Record type code

{ 1 1 Bl 2nd record sub-type cade

5 8 8 Bl Jrd record sub-type code

6 $ 12 B4 Length of this record

1 13 14 A2 ASCII/EBCDIC Flag

8 15 16 A2 2 Blanks

S 1720 14 Referenced Pile Nunber
3 for BIL, 3,6,9,12,15,18 or 21 for BSQ

10 21 36 Al§ Referenced File Name
LS4$TH<LL>TRAIBILS

5 BS0a

This field can take as values 2t8*7 combinations
e.g. LS4STHS2TRAIBSQS where @ is the band nuober
to vhich the associated imsagery belongs, and <LL>
represents the level of corrections applied.

1 37 64 A28 Referenced File Class

12 65 63 A4 Referenced File Class Code

13 69 96 A28 Referenced File Data Type

it 97 100 A4 Referenced File Data Pype Code

15 161 108 I8 Humber of Records in Referenced File
itn ¢ | or 2¢4tn + | vhere n is the number of
spectral bands in the related imagery file.
There are four records for each band in the
associated imagery file, plus one file
descriptor record.

16 109 116 I8 Referenced File - Descriptor Record Length

n 17 14 18 Referenced Pile Maxisua Record.Length

18 125 136 Al2 Referenced File Record Length Type

19 131 140 A4 Referenced Pile Record Leagth Type Code

20 141 142 12 Referenced Pile Physical Voluze Humber, Start
of File

21 143 144 12 Referenced File Physical Volume Number, Bnd of
File :

Y] 145 152 12 Referenced File Portion, lst Record Huaber for
this Physical Voluze

3} 153 160 I8 Referenced file portion, last record number

for this physical voluze
{tn + 1 or 2¢4*n + | vhere n is the number of
spectral bands in the related imagery file.
There are four records for each band in the
associated imagery file, plus one file
descriptor record.

A 161 260 AL00 Pointer Spare Segment

25 261 360 ALO0 Local Use Segment

page 2°

CONTENT

219
192
18

360
A
3

TRAILZASFILE

TRAI
KIXEDS3INARTSAHDSASCTI
qzaa

4320

4320
FIXEDSLEHGTH
FIXD

$1

§1
)

Blanks
Blanks



1d or field-group name

GERY_VOLUNE

(Xe_DIRECTORY_FILE

T RECORD

GO = O A i ad D

10

start last
byte byte foramat

ATV Lnt 46D OO = O LS =

—

17

§1
125

18y}

141
145
157

113
m
181
197

203

DESCRIPTION ARD EXPLANATION CONTEHT
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66

124
136

140

144
156
112

176

180
196
202

360

AS0

A58
A2

At

M
AR
Al6

M
M
Alb
A6

Record Humber

Ist record sub-type code 18
record type code, alvays 63
2nd record sub-type code 18
3rd record sub-type code 18
Length of this record 360
ASCII/EBCOIC flag for this record AS

Continuation flag. This field contains two
blanks unless the information of this
record is continued on a following record,
in vhich case, the field is coded CS.
Product id

<§55>$ <LSHQPPPRRRYYDDOCC>, where

§55 = Sensor Type ($T¥}

LSH = Landsat Mission (¥={ or 5}

Q0 = Quadrant Huaber

(1,2,3,4 ot F if full scene)

PPP = path Number

RRR = Rov Ruaber

11 = Last ? digits of year {01-39)

DOD = Day of year (001-166)

(C = Correction Applied (0-11).See Table 2.1
Location and date/time of product creation
Scene identification
<XDDODDRAMKSS>, where

| = Nission Neaber

{ for Landsat-b

5 for Landsat-D’
Days since launch at time of observation
GNT hour at time of observation
GAT minute at time of observation

§S = GX¥? seconds at time of observation
quadrant auaber of scene
<I>, where 1=1,2,3,4 or F if full scene
Interleaving type $BIL or $BSQ
Blanks
Tape reel id
(See Table 3.1.1.1.,field 14 for explanation)
Blanks
#DOR Identification
Spare
Date of HDT generation
<T1DDD>$

=
(=]
(=]
<
[—]
]

o=
-
[T ]

A158 Blanks
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3.2 IMAGERY LOGICAL VOLUME - LEADER FILE

The Leader file 1is the first data file in the imagery logical
volume, and is of the class LEADER FILE with the class code LEAD.

The following four tables contain the description and content of the
folllowing records :

1. FILE DESCRIPTOR RECORD

2. SCENE HEADER RECORD

3. MAP PROJECTION ANCILLARY RECORD

4. RADIOMETRIC ANCILLARY RECORD

Since full scan lines of band 6 (thermal) data are replicated four
times, to achieve the same pixel centre .to pixel centre spacing for
all bands, the transformation tables for each of the band 6 detectors
are replicated six times.

Pt asizh

)
o

™
V-



MAGERY_VOLUKE
EADER_FILE

ILE_DESCRIPTOR_RECORD

ield or field-group name

FOR

D GO i O AT b fad D s

— e gt = e
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15
16

18
19
20
3!
n
23
U

25
26

11

 PIIED SECH ¢

[}
69
1
81
85
93
91
101
109
113

114

115

116

start last
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byte byte format DESCRIPTION AMD BIPLANATION CONTENT
180 FILE DESCRIPTOR RECORD PIXED SEGHENT
{ B4 Record Sequence Wuaber l
§ Bl st record sub-type code (DECINAL) 63
6 Bl Record type code  (DECINAL) 192
1 Bl 2nd record sub-type code (DECINAL) 18
§ Bl 3rd record sub-type code (DECINAL) 18
12 B¢ Length of this record 320 -
14 A2 ASCII/EBCDIC Flag A$
16 A2 2 Blanks $$
28 A2 Control Document Humber for this Data Pile  Alvays GES$104904$$
format
30 A2 Control Documeat Revision Nuaber
<HN>,where HN=01-99
32 K2 Pile Design Descriptor Revision Letter
Aal>, (Initially ‘$A’,then '$B’,etc.)
44 Al2  Softvare Release Huaber
THFR-CCT-<XXX>, initiall XIXX=001,then 002,etc
§8 14 TFile Nuaber
! for BIL; 1,4,7,10,13,16 or 19 for BSQ
64 Al6  FPile Name .
LSSSTN<LL>LEADBSQa -or LSS$TH<LL>LEADBILS
This field can take as value 2¢8¢7 combinations
e.g. LS{STHS2LEADBSQG, vhere & is the band aumber
to vhich the associated imagery relates,and <LL>
is the level of corrections applied.
68 A4 Record Sequence and Location Type Plag FSEQ
16 I8 Sequence Nuaber Location $9588851
80 14 Sequence Humber Field Length $554
84 AL Record Code and Location Type Flag 3313
92 I8 Record Code Location 9599985
9 14 Record Code Field Length (311}
100 A4  Record Length and Location Type Flag FLGT
108 I8 Record Length Location $9999559
112 14 Record Leagth Field Length $554
113 Al Flag indicating that data interpretation
_information is included within the file
descriptor record.
<§> ,where 1=Y OR ¥ ,for YES or HO
114 Al Plag indicating that data interpretation
information is included within the file in
record(s) other than the descriptor
<1> ,vhere I=Y OR H ,for YES or H0
115 Al Flag indicating that data display inforaation
is included within the file descriptor record.
<I> ,vhere X=Y OR N ,for YES or O
116 Al Plag indicating that data display information

is ‘included within the file in record(s) other
than the file descriptor.
<k> ,where =Y OR N ,for TES or KO
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FOR_VARIA SZGH
29
30
i

LY.
1

3
10C_FIEDS '

i

181

181
187
193

189
205

Ul
M

247
233
249
265
281
297
13
329
35
361
m
393
409
425

180

4320

186
192
198

204
210

28
4

3]
248
264
280
296
n
328
1T
360
316
kLY
408
{4
4320

16
16
I6

I
Ié

16

Alb
Ald
Alb
Alb
Al

Al

Alb
Alb
Al6
ALb
Alf
Al6
Al6
Al

Reserved Seqaent

FILZ DESCRIPTOR RECORD VARIABLE SEGMENT

Humber of sceme records

Header record length

Huaber of map projection ancillary
records

Ancillary record leagth

Nuaber of radiometric calibratioa
ancillary records

N is the number of spectral bands in the related

inagery file. $§$§SH (vhere ¥ = 1,...,7)
Length of above record

LOCATOR FIELDS

The locator fields point to-the position in
the file vhere various information can be found.
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Blanks

L
§$4320

yeasel
$$4320

§$4320

The locator inforsation is coded in 16 bytes ASCII :

Bytes 1- € = record nuaber containing that field

Bytes 7-12 = byte position of the field within the rec

Bytes 13-15 = length of field in bytes
Byte 16 = type of data code

A for alphanuseric;

B for binary;

¥ for nuaeric;

Scene identification field locator
WRS identification fiald locator
Yission identificaticn field locator
Sensor identification field locator
Scene center date-time locator
Geoqraphic reference field locator
Image processing perforaed field locator
Inagery format field locator

Band indicator locator

Subscene indicator locator

Pixel size field locator

Quadrant vertical overlap locator
Quadrant horizontal overlap locator
Blanks

$93382555337516A
$5§5925981635164
$53952953303516A
§5359283532591€A
$393825351175324
§999§29552135328
§99992881573518a
§99532881717516A
§99552561653564N
§99952389527501A
$$39335953659320
§98392585271516H
§99892§992935150



{NAGERY_VOLUKE
.cADER_FILZ
;CENE_HEADER_RECORD

‘ield or field-group name

G ==d O LN B ad DD

SCE_PAR
9

10

start last
byte byte foramat
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DESCRIPTION AND EXPLANATION - COHTENT

heseas ssescscreews SsCcaLEsecETYCHeCUTYeCEEmeGEeapessan - .=

¢

21
21

N

53
69
85
101
111

308
36

52

68
84
100
116
148

Alf

Al6

F16.7
F16.7
P16.1
F16.7
AR

Record Sequence Number

Ist record sub-type code _ 18
Record type code 18

and record sub-type code

Jrd record Sub-type code 9
Length of this record {320
Header record sequence nuaber 1 .
Blanks §883
HOTE

Fron field 3. all fields in the Header Record are sultiples of
{ bytes long, and are in either Numeric or Alphznameric
format. All WNumeric fields are right-justified and the
default format is F16.7 onless otherwise specified. All
Alphanumeric fields are left-justified. All references to the
input scene refer to the WRS scene.All references to the
processed scene refer to the quadraat or to the full scene.
Fields not listed do not require additional explanation.
Latitude is measured positive to the north, negative to the
south. Longitude is measured positive to the east, neqative

to the west.

SCENE PARANETERS
Product identification
Product identification defined as :
<§55>$<LSNQPPPRRRYTDDDCC>, where
$SS = Semsor Type ($TX)
LSH = Landsat Xission (N={ or §)
0 = Quadrant kuaber
(1,2,3,4 or F if full scene)
PPP = Path Bumber
RRR = Row Nusber
17 = Last 2 digits of year {01-99)
00D = Day of year (001-366)
CC = Correction Applied (0-11)
Input scene identification
<LDDDDHANN>$$$$55S, where:
L=Hission nuaber
D0DD=Day number since launch
HHUNSS=Hours and minutes GT at which
the centre point was imaged.
Input scene {frame) centre latitude in degrees
Input scene (frame) centre longitude in degrees
Line nuaber at input scene centre
Pizel number at input scene centre
Input scene centre tige
<TYTYNNDDHHNNSS>, followed by 18 blanks, where
11T1=year
HH=acnth



1§

n

18
13

0
2l
n
I3

U

25

NIS_PAR '
26

149

165

181
197

m

29}

309
309

164

180

196
2

292

308

n
31

Alé

11§
Alf

I16

0D=day
HBH=hours (00 to 23}
=ainates (00 to 59)

§S=ainutes (00 to 59)
Tize offset fron WRS frame (msecs) .
Tize offset in milliseconds froa standard framing
corresgonding to the Worldwide Reference Systea
WRS designator (path and row)

<HPPPRRR>§, followed by 8 blanks, where:

=4 (for ascending node)

or ¥=D (for descending node)

PPP=WRS nominal path number (001-233)

RRR=WRS nominal rov nuaber (001-248)
¥RS cycle. Humber of orbital cycles since launch
Processed scene (frame/quadrant) identification
It consists of the input scene identifier followed
by a one byte quadrant identifier,
<LDODDHHNNSSX>$$9$, vhere:

L=§ission nuaber

D00D=Day number since launch

HHHNSS=Hours, minutes and seconds GNT

at vhich the centre point was inaged

I=Quadrant neober, where quadrant !
contains the upper left quarter, quadrant 2
contains the upper right quarter, quadraat 3
the lover left quarter, and quadrant 4 contains
the lower right quarter of the full scene.
Processed scene centrs (frame/quadraat) latitude
in degress,
Processed scene {fraze/quadrant) centre longitude
in degrass
Line aeaber at processad scene (frame/quadrant)
ceatar.
Pixel nuaber at processed scene (frame/quadrant)
center.
This is the pixel nuaber which is designated as
the processed scene ceatra. For system corrected
products, any line length changes made
for panorasic distorsion and earth curvature
curvature effects are included. This nuaber
is relative to the image portion of record,
i.e. do not include prefix and left fillers.
Count of overlap lines
This is the nuaber, L, of overlap lines, counted
in one direction only, defined as being the
nusber of lines wich belong to the quadrant
ingediately above (or below) the current quadrant.
In case of full frame this number is set to 0.
Count of overlap pixels
this is the number, P, of overlap pixels, counted
in one direction only, defined as being the
nuaber of pixels wich belong to the adjacent
quadrant.
In case of full frame this nuaber is set to 0.

' YISSION PARANETERS
Nission identification
LANDSAT-4, LANDSAT-5, followed by 7 blanks,
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4]

28
23

SEN_PAR
30
3l
Y

1

B1!

35

PRO_PAR

36

N

38

325

34 356
5T m

t 313 176
173 388
38 u

1413 1428

142 1444

1445 1460

1461 1476

t 1477 2680

1477 1492

1493 1508

1509 1524

Al6

116
Al6

Al6
Al024
I16

I16

11§

AlS

16a1

116

for Landsat D and D prime respectively.
Sensor identification :

It vill be TH, followed by 14 blanks, for
the Thematic Kapper

Orbit number

Ascending/descending flag

Set to A for ascending paths and to D for
descending paths.

SEYSOR PARANETERS
Spare
Local use Blanks
Huaber of active bands in the processed inage
The total number of active bands is n. All
subsequent reference to band nuaber is by
*logical band number® where each of the active
bands, in ascending order, is assigned a logical
band nuaber in the range 1 to a.
Husber of sceme pixels per line in the
processed image
This is the actual nuaber of scene pixels per
line in the imagery file following this Leader
file. It is recalculated for systea corrected
products to allov for panoramic distorsion
correction, earth curvature correction, airror
velocity profile and line length corrections.
Husber of scene lines in the processed image
This is the actual nuamber of scene lines in the
inagery file'folloving this Leader file.
Spare

PROCESSING PARANETERS

Bach processing option designator may be considered as a
string of 16 l-byte codes, each specifying whether the
identified correction has been applied {value = 'Y’} or has
not been applied (value = 'N').

Radiometric calibration designator
Radiometric (sensor) calibration (sixteen bytes)
BYTE  OPTIQN

1 Internal calibration source
Pre-flight data
Bistograa equalization
Sun elevation correction
Fila gaama correction
Scenic correction
Histogram mean and standard deviation
Bytes 1 thru 7 are coded Y/ (for Yes or Not).
Bytes 10 thra 16 may be used by other agencies
to store one radiometric processing code for
each of the seven bands.
Radiometric resolution designator
The nuaber of bits required to store the
maxiaun data range will always been §.
This value is right justified in the field.

Sl EFN ALY ln nd D

16AL Scenic radiometric correction designator
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1

40

{1

Q2

1525 1540

1541 1556

1557 1572

1573 1588

16A1

16A1

16A1

Al6

BYTE  QPTION
Completely raw data
Linear representation’
Logarithaic representation
Other non-linear representation
Reserved (set to 'R’}
Sun illuaination angle correction
Haze correction
Sen illumination angle and haze
correction
9 Standard radiometric enhanceament
10 Rangeland enhancegent
1l Forestry enhancement
12 Custoa enhancement
Geometric correction designator
BYTE  OPTIOW
1 Forvard/reverse alignaent

OO b O AN B s DD P

2 Detector placemeat and delay

] Hirror scan profile

{ Line length information

5 Gyro data

b Angular displacement sensor (A0S} data
1 Attitude correction systea (ACS) data
8 Epheaeris data

S Scan gap

10 Ground control points

1 Barth rotation

12 Sensor altitude and panoramic distortion

13 Digital terrain model (DTX)

14 PCD availble or not
Resampling algoritha designator
BYTE  OPTION

1 Ho resampling
2 Resampling along line only
3 Two-dimension resaspling

Bytes ¢ thru 12 take the value ‘K’.

The last § bytes take one of the following codes:
HONE - Hone (always applicable to raw products)
ENSS - Nearest neighbour
(useally applicable to bulk corrected products)
CC$S - Cubic convolution
5859 - 8-point (sin x)/x
058§ - 8-point damped (sin x)/x
16§ - 16-point (sin x}/x
DSl - 16-point damped (sin x)/x
BLI§ - bilinear interpolation
PSD$ - pixel stuff/delete

Nap projection identifier

BITE  QPTION

1 Ho projection

2 UTH/Polar steresogaphic

] SOK (Space Oblique Mercator)
{ Geocoded product

Product processing level

The product class is stored in bytes 1573 and 1514
as 'two nueric characters representing the overall
level of corrections applied, as shown in Table
Table 2.1 and fable 2.2.
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4
1!
45
46
4

18

{9

50

3l
52
33

1589
1605
1621
1637
1653

nm

17133

2133

2233
2425
2681

1604 116
1620 Al§
1636  Al6
1652 116
1716 64Al

1732 al6

2132 10014

2231 100a1

U a9
2680 2256
320 Al640
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Huaber of Map Projection ancillary records
Spare .

Spare

Huaber of Radioametric ancillary records
Active bands

One byte per band, maximua of 6 bands where
the a'th byte is set to I if the band is
active, and to 0 othervise.

Interleaving iadicator

BIL§SSS95895999% or BSDISISS885$5948

for Band Iaterleaved by Line or Band Sequential

HOTE

The detector nuabering convention is as follows:
DETECTOR BAND, DETECTOR
1 thru 16 1, detectors I thru 1§

17 thre 12 2, detectors 1 thru 16
33 thru 8 3, detectors 1 thru 16
{9 thru 64 4, detectors 1 thra 16
§5 thru 80 5, detectors 1 thru 16
81 thru 84 §, detectors 1 thru 4

85 thru 100 1, detectors 1 thru 1§

Detector substitution array

This field may be considered as an array of size

100 4-bytes ASCIT elements in I4 format, one

elesent for each of the 100 Ta detectors.

The n’th element contains the detector nuaber,

1, which actually recorded the imagery data

vhich is supplied for detector n.

Detector saoothing array

This field may be considered as an array of size

100 1-byte ASCII element, one element for each

of the 100 Ta detectors. Al-byte ASCII code is

used to signify the smoothing techmique used. A

blank code indicates no saoothing bas been applied.
Local use Blanks
Local use Blanks
Spare Blanks



IMAGERY_VOLONE
LEADER FILE
HAP_PROJECTION _ANCILLARY_RECORD

start last

{ield or field-qroup name byte byte format DESCRIPTION AD BXPLANATION
1 1 4§ B4 Record sequence nuaber
2 5 5 Bl lst record sub-type code
3 § 6 Bl Record type code
§ 1 1 Bl 2nd record sub-type code
5 8 8 Bl 3rd record sub-type code
6 § 12 BY Record length

HAP PRO_DAT t 3 9% HAP PROJECTION DATA

NOTE: all references to the input scene refer
to the full RS frame, whereas all references
to the processed scene refer to the quadrant
or to the full scene.

1 13 28 116 Input line nominal nuaber of scene pixel

8 29 44 116 [Input image noainal nuaber of scene lines

9 45 60 FI6.7 Nominal scale of input inter-pixel distance in
getres at nadir

10 61 76 F16.7 Hominal scale of imput inter-line distance in

: wetres at nadir
i1 17 92 Fl16.7 Image skev at scene centre
t 91 In UTH/PS RELATED DATA

12 83 108 Al5  UTN datus and zone nusber for imput inmage

. vhere UTH datun = ‘NAD83' or 'NAD27’

13 103 124 Fl6.7 Nominal WRS northing of centre ia aetres

4 125 140 F16.7 HNominal WRS easting of ceatre in aetres

15 141 156 F16.7 Horthing of input image centre in metres

16 157 172 F16.7 Easting of input image centre in aetres

1 173 188 F16.7 Vertical offset of scene centre to RS nominal
centre

18 189 204 F16.7 Horizontal offset of sceme centre to WRS
noainal centre

13 205 220 F16.7 Orieatation of input iaage centre in degrees
(angle of projection axis from true north)

0 221 332 Al2  Blanks.(reserved for SO related data)

t 313 40 PROCESSED SCENE RELATSD DATA

U 333 U3 116  Husber of pizels per line of processed image

13, 349 364 116  Humber of lines per processed image

13 365 380 Scale of processed inter-pixel distance in

: netres

U 81 396 F16.7 Scale of processed inter-line distance in
netres

2% 397 412 116 UM zone nusber for processed image

26 413 428 F16.7 Line nuaber in processed image at WRS scene
centre

2 429 444 FI16.7 Pixel number in processed scene at WRS scene

centre
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28

29
3
k]|
12
1

34
35
36
n
18
3

40

445 460
61 416
1 492
493 508
508 5
525 540
541 556
551 5
513 588
589 604
605 620
621 636
637 4320

Fls.,

£16.?
Fl16.7
F16.1
F16.7
F16.1

AL§
F16.7
F16.7
F16.7
F16.7
F16.7

AJ684

Orientation of processed image centre in
degrees .

(angle of projection axis froa true Horth)
Hoainal satellite orbital imclination

Noninal ascending node (longitude at equator)
Hominal altitude in setres

Noainal ground speed in metres per second
Satellite heading in  degrees  (real
subsatellite track direction angle, including
earth rotation at the centre of the image)
Spare (zero-fill)

Cross-track field of view in degrees

Sensor scan rate in scans per second

Sensor active sampling rate in samples per
second

Sen elevation angle at WRS centre in degrees
Local use

Sun azimuth angle at WRS ceatre in degrees
Local use

Zero fill ({Local use)
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IHAGERY_VOLUNE
LEADER FILE
RADIONETRIC_AMCILLARY RECORD

field or field-group name

€K = CFY LIV ofiv fad PP o

10

I
12

13
15

start last

byte byte format

---------------------------------------------

— bt D D wd O ATV

~
—

~
(v

2
3]

69
125
581

DESCRIPTION AND EXPLAHATION CONTENT

{ B4

5 Bl

6§ Bl

1 Bl

8 8l
12 B4
16 14
0 U
¥ i
B N
8 £20.10
68 £20.10

Record sequence nuaber

Ist record sub-type code §3
Record type code 36
nd record sub-type code 18
Jrd record sub-type code 9
Record length 4320

Band nusber = 1 to 7

Lover reflectance liait

(percentage) used in the contrast stretch

range froa 0 to 100

Upper reflectance linit

(percentage) used in the contrast stretch

range froa 0 to 100

Bqualizing reference detector

In the radiometric calibration process, one
detector in each band is defined as the equalizing
reference detector, for which an absolute
calibration is computed. The other detectors are °
matched to it using histogras analysis, to

reduce the effects of radiometric striping.

If this technique is not used it is set to 0,
Offset coefficient (40)

Gain coefficient (Al)

The A0 and Al coefficient aay be used in conjunction with the
expression

"= A0+ VAL

to convert linear digital values , V', in the curreat band to
scene radiance, R’ ({in watts /alsr). Bach coefficient is
stored in 20 bytes corresponding to the FORTRAN foraat 220.10.

NOTE

Fields 13 to 28 each contain 256 data iteas for one of the 16
detectors within the band where each data itea can take 2
value betveen 0 and 255, and is stored as a binary value in 1
byte. Since full scan lines of band 6 data are replicated
four times, the transformation tables for each of the four
band § detectors are replicated four times. If the
transformation tables are changed vithin the product, fields
13 thru 28 vill be zero-filled. The gains and offsets used to
generate the transfornation tables, on a line by line basis,
can be extracted from the suffix area of the image data
record.

324 25681 Detector 1 lookup table
580 256B1 Detector 2 lookup table
836 256B! Detector ) lookup table

page 39



16
17
18
19
20
2
2
2
U
25
26
21
28
I3

831
1093
1349
1605
1861
N
2113
2629
2885
34l
3397
3663
3909
4165

1082
1348
1604
1860
2116
N
2628
2884
1140
1396
3662
3908
4164
320

25681
25681
25681
25681
25681
25681
23681
25681
25681
25681
25681
25681
25681
A4156

Detector 4 lookup table
Detector 5 lookup table
Detector 6 lookup table
Detector 7 lookup table
Detector 8 lookap table
Detector 9 lookup table
Detector 10 lookup table
Detector 11 lookap table
Detector 12 lookup table
Detector 13 lookup table
Detector 14 lookup table
Detector 15 lookap table
Detector 16 lookup table
Spare (local use)
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3.3 IMA™ ~° LOGICAL VOLUME - IMAGERY FILE

In t. Bf "organisation, there is one imager fil: containing all
2944 ..an _ines of imagery data for one spec-ral band. In the BIL
organisation, there is one imagery file containing all 2944 scan lines
of imagery data for ALL of the requested spectral bands. The imagery
file is of class IMAGERY FILE, with the class code IMGY. The imagery
file contains the following records whose description and content are
contained in the following tables : .
l. FILE DESCRIPTOR RECORD
2. IMAGE RECORD for quarter scene
3. IMAGE RECORD for full frame scene



MAGERY_VOLOKE
MAGERY FILE
1L2_DESCRIP?OR_RECORD

ield or field-group name

start last

byte byte format

FOR_PIXED SEGK *

O T e b D e

- OO -

10
1
12
13
14

15
16
17
18
13
20
2l
¥,
4
7]

25

26

2

1 180
1 {
5 5
6 6
1 1
8 8
¥y n
3 Ui
15 16
17 28
1
It n
By
48
9 64
65 68
6% 16
1780
81 8
85 92
33 96
91 100
101 108
109 112
i m
14 114
115 115
116 116

Al2
I4
Al6

Ad
I8
14
At
I8

.1}
I8
I
Al

Al

Al

Al

DESCRIPTION AND BXPLARATION
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CONTEHT

FILE DESCRIPTOR RECORD FIXED SEGMEHT

Record Sequence Number

Ist record sub-type code (DECINAL)

Record type code  (DECIKAL)

Ind record sub-type code (DECINAL)

3rd record sub-type code (D2CIMAL)

Length of this record

3600 for quarter,7020 for full frame
ASCIT/EBCDIC Flag

2 Blanks

Control Docuzent Huaber for this Data File
Format

Control Document Revision Number

<H¥>,where HN=01-99

File Design Descriptor Revision Letter

<X1>, (Initially '$A°,then *$B‘,etc.)

Software Release Hunber

THFR-CCT-<X1X>, initiall XIX=001,then 002,etc
File Huaber

2 for BIL; 2,5,8;11,14,17 or 20 for BSQ

Pile Nage

LS3$THCLL>INGYBSQm or LSS$TH<LL> INGYBILS

This field can take as value 2¢8¢7 coabinations
e.q. LS4$THS2INGIBSQS, where a is the band number
to which the associated imagery relates,and <LL>
is the level of corrections applied.

Record Sequence and Location Type Flag
Sequence Number Location

Sequence Homber Field Length

Record Code and Location Type Plag

Record Code Location

Record Code Pield Lengin

Record Length and Location Type Flag

Record Length Location

Record Length Pield Leagth

Plag indicating that data interpretation
infornation is included. within the file
descriptor record.

<X> ,vhere I=Y OR ¥ ,for YES or KO

Plag indicating that data interpretation
inforaation is included within the file in
record(s) other than the descriptor

<I> ,where I=Y OR B ,for YES or EO

Plag indicating that data display information
is included within the file descriptor record.
<@> ,where I=Y OR ¥ ,for TES or HO

Flag indicating that data display information
is included within the file in record(s) other
than the file descriptor.

192
18
18

Ay
3
G2S51043049$

F52Q
33558851
ysd
FTTP
H958455
35
FLGT
959599
$5¥d
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<> ,vhere I=Y OR ¥ ,for YES or K0

28 117 180 Reserved Segmeat ) Blanks
FOR_VARIA SEGN * 181 4320 FILE DESCRIPTOR RECORD VARIABLE SEGMENT
29 181 18 16 Number of image records

<NNEN> for BSQ,<ntNHNN> for BIL with in this file
NNHH the number of scan lines including overlap
and n the number of spectral bands i the product.

30 187 132 16 1Image records leagth
3600 for quarter,7020 for full frame
1 193 216 A24  Reserved Blanks
t M AN PIXEL GROUP DATA
kY] A1 20 14 Huaber of bits per pixel $98
13 21 24 14 Huaber of pixels per data group $3sl -
gLt 25 28 14 Number of bytes per data qroup $§81
15 29 2 M Justification and order of pixels within data grouRJLR
t 233 M IMAGE DATA
36 233236 14 Number of bands of iaagery in this file
$$3n for BIL and $$$1 for BSOQ
N 231 M4 I8 Husber of lines per image(one band) excluding top and
botton border lines.<$$SSHNNN> like field 1.
38 15 U8 14 Number of left border pixels $350
19 U3 256 18 Husber of image pizels per line
3500 for quarter,6920 for full frase
{0 251 260 14 Nuaber of right border pixels $550
{1 X 261 264 14 MNusber of top border lines $3§0
{2 265 268 14 MNumber of bottom border lines §5s0
43 %9 212 A4 Interleaving indicator

$85Q for Band Sequential or BIL for Band
[nterleaved by Line.

t 213 296 RECORD DATA
1 213 2 12 Humber of physical records per line §l
5 25 216 12 Number of physical records per multispectral line in
this file : $n for BIL and §1 for BSQ
{6 211 280 14  BHumber of bytes of prefix data per record §320
(Y] 281 288 18  Nuaber of bytes of image data per record
3500 for quarter,6920 for full fraae
{8 289 292 1 Nusber of bytes of suffix data per record §368
{s 23 26 W prefix/suffix repeat flag §3§%
t 291 PREFIX/SUFFIX DATA LOCATORS

The format for an 8 byte ASCII locator

should be as follows ¢

Bytes 1-4 = start byte nuaber of the field
vithin prefix/suffix.

Bytes 5-6 = length in bytes of the field
to be located.

Byte 7 = letter 'P' or 'S’ indicating the
location of field is prefix or suffix.

Byte 8 = type of data format
"L = ASCH
B = Binary
N = Humeric ASCII



50
5l
52
53
4
53
56
51
58
39
60

61
62
63
64

91
105
13
31
329
n

"369

m
385
393
{01

413
433
in
{41

#3320 AN

304
n
320
18
136
368
316
8
192
{00
{3

{320
436
§40
{8

A8
Ag
A8
A8
A8
A8
A8
A8
A8
A8
A32

4
I
I8

Scan line nusber locator ) $95154p8
Image(band) number locator $9455408
Time of scan line locator $85954P8B .
Left-fill count locator $81354p8
Right-£ill count locator $85174p8
Blanks $599888¢8
Scan line quality code locator $9915858
Calibration information locator $$3728s8
Gain values field locator $9570458
Bias values field locator $9610458
Blanks

PIZEL DATA

Humber of left fill bits within pizel $340
Number of right fill bits within pixel $8s0 -

Maxinua available data range of pirel {from zero) $§$$$255
Blanks
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"MAGERT_VOLUNE
¥AGERT FILE
«¥AGZ_RECORD for Quarter Scene

start last
tield or field-qroup nase byte byte foraat DESCRIPTION AND EXPLANATION CONTENT
1 1 ¢ B4 Record sequence number
2 5 5 B! st record sub-type code 131
] § 6 Bl  Record type code 31
{ 1 1 Bl  2nd record sub-type code 219
5 8 8 Bl  3rd record sub-type code 9
6 $ 1 B4  Record length . 3600 -
PREFIX t1} 3 PREFIX DATA
1 13 16 B4 Scan line number
8 1m0 8¢ Image {band) nuaber
9 A U B¢ Time in GKT at start of scan in milliseconds

Each byte of this field will be set to 255
if GNT timing information is mot available.

10 5 8 B4 Count of left fill pixels
The count of left fill pixels includes the
pad pixels inserted for geoaetric corrections,
such as earth rotation correction

11 3 R B4  Count of right fill pixels
IHAGE DATA
12 33 1532 35008 Image pirels
SUEFIX 3533 3600 SUFFIX DATA
SCAN LINE Q +3533 1540 Scan line quality

Byte 3533 is the sync loss indicator for the
current line. is set to 1 if sync was lost,

and to 0 otherwise.

Byte 3335 is set to 1 if the video data for the
line was substituted by that for another detector.
Byte 3334 and bytes 3536 through 3540 are
reserved fo local use use quality control flags,
and are set to 0 under noraal conditions

and to 1 if the error condition occurs.

13 1513 3533 Bl Sync loss indicator

14 3538 353 Bl Local use quality code

15 3535 3535 Bl Detector substitution indicator
16 3536 3540 BS Local wse quality codes

17 3541 3544 B¢ Counted full-scan line length

This is the nuaber of pixels counted in the

original geometrically uacorrected scan line.
18 3545 3548 B4 Eabedded line lenqth

This is the nuaber of pixels in the scan

line determined from the line length

information embedded in the video data streas.
13 1549 3550 B2  Time error from line start to midscan

The time error in clock counts from the noainal

line start to midscan count of 161,164

can be converted to tiae error in microseconds
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0

2]

CAL_INF

"

25

26

1

28

3551

3561

3569
3569

3570

51

m

1N

3532

3556

3560

3568

3596
1563

3570

mn

3572

3576

B2

B4

B4

Bl

Bl

Bl

Bl
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by aultiplying by 1/(84.903/1§).
Tise error froa midscan to line ead
The time error in clock counts from the nominal
midscan to line stop count of 161,165
can be converted to tise error in microseconds
by aultiplying by 1/(84.903/16). .
The active scan time is given by the expression
((161,165¢161,164)-(Field 17 + Pield 16) ¢
(1/{84.903/16)))
Since pixels for each detector within a line
are saopled every 9.611 usecs, the line length
is given by (active scan time/9.611).
Scan line direction
Scan line direction code is 0 for the forward
scan and 1 for the reverse scan.
Current scan line length
This is the number of scese pixels following the
left fill pixels. Field 10 * Field 11 + Field 19
= Field 11 of fable 3.3.1.2.
Satellite time code at start of scan
fThe satellite time code is stored
in 8 binary bytes as follows :
Hundreds of days
tens of days, days
Tens of hours, hours
fens of ainutes, sinutes
Tens of seconds, seconds
Tenths of seconds, hundredths of seconds
Nilliseconds, teaths of milliseconds
HBundredths of milliseconds and thousandths
of ailliseconds.
Calibration infornation
Detector ideatification
The detector nuabering sequeace within each
spectral band is 1 thru 1§,
where detector 1§ is the most northerly.
Calibration lasp value quality
the calibration lamp value quality flag takes
one of the folloving values:
0 - goad
1 - not used
2 - not available.
Calibration lamp state
The calibration lamp state identifies which of
the eight possible states is being sampled
in field 29 (zero fill for band §).
Calibration state sequence number
Bach calibration lamp state lasts for 40 scans,
and this field gives the sequence nuaber
in the range 1 to 40. (For radiometric
calibration purposes, the first seven values at
any one calibration state should not be used).
this field is zero-filled for band 6.
Lov level calibration value
; (thousandths of levels)
For bands 1 through 5 and 7, this is the
zero-radiance calibration level which is
output during the shutter-closed period.
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30
i
n
1

L

N

3581
3585
3589
3593

3591

1580

3584
3588
1592
3596

3500

I4
4
14
I4

14

Por band 6, this is the detector-measured
teaperature of the shutter surface during
the dc-restore calibration period.
Bigh level calibration value

{thousandths of levels)
For bands 1 through 5 and 7, this is the
average over thirty contiquous pixels in the
centre of the calibration wvedge.
For band 6, this is the teaperature
of the teaperature-controlled blackbady.
The calibration shutter and blackbody
teaperatures referenced in fields 28 and 29
can be found in the TN housekeeping data
record with sequence auaber 1.
Cal. lamp coamputed gain value

(millionths of units)
Cal. lamp computed bias value

{sillionths of units)
Applied gain value

(aillionths of units)
Applied bias value

{millionths of units)
The gain and bias values are stored as 2's
complement binary values in aillionths
of units. Pields 30 and 3! are the coaputed
gain and bias using either onboard calibration
device or default values.
Fields 32 and 33 are the final gain and bias

applied to the data froa the specified detector.

Local use
This field is designated as a local use area,
vhere all fields should be recorded in binary.
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start last
ield or field-qroup name byte byte format DESCRIPTION AND 2XPLARATION CONTENT
1 1 B4 Record sequence number
2 3 5 BL Ist record sub-type cade 3}
] 6 6 Bl  Record type code PX}]
{ 1 1 Bl 2nd record sub-type code 29
] 8 8 Bl  Jrd record sub-type code 3
b $ 1 B4  Record length 1020 -
PREFIX t13 N PREFIX DATA
] 13 16 B{  Scan line nusber
8 17 20 8¢ Inage (band) nuaber
$ A Y B{ Tine in GNT at start of scan in milliseconds

Each byte of this field will be set to 255
if GAT tining information is not available.

10 5 8 B{  Count of left fill pixels
The count of left fill pixels includes the
pad pixels inserted for geometric correctioas,
such as earth rotation carrection

1. ¥ N B¢  Count of right fill pixels
* INAGE DATA
12 33 6952 69208l Image pixels
SUFFIX 6953 1020 SUFPIX DATA
SCAN LINE 0  *6353 6960 Scan line quality

Byte 6953 is the sync loss indicator for the
corrent line. is set to 1 if sync wvas lost,

and to 0 othervise.

Byte 6955 is set to 1 if the video data for the
line was substituted by that for another detector.
Byte 6954 and bytes 6938 through 6960 are
reserved fo local use use quality control flags,
and are set to 0 under normal conditions

and to 1 if the error condition occars.

13 6953 6953 Bl  Sync loss indicator

I 6954 6954 Bl Local use quality code

15 6055 6055 Bl Detector substitution indicator
16 5056 6960 B5 Local use quality codes

17 6961 6964 B4 Counted full-scan line lenqth

This is the nuaber of pixels counted in the

original geometrically uncorrected scan line.
18 6365 6968 B¢  Babedded line length

Phis is the number of pixels in the scan

line deterained from the line length

infornation eabedded in the video data streaa.
19 §969 6970 B2 Yime error from line start to midscan

The time error in clock counts from the nominal

line start to midscan count of 161,164

can be converted to time error in microseconds
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A

15

26

0

28

6971

6973

691

6381

*+£989
6989

§990

6991

6992

6993

6972

6976

6980

6988

7016
6989

6990

6991

6992

6996

B2

B4

B4

B8

Bl

Bl
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by multiplying by 1/(84.903/1f).
Tise error from midscan to line end
the time error in clock counts from the nominal
nidscan to line stop count of 161,165
can be converted to time error in microseconds
by multiplying by 1/(84.903/16).
The active scan time is given by the expression
((161,165+161,164)-(Field 17 + Pield 16) ¢
(17(84.903/16)))
Since pixels for each detector within a line
are saspled every 9.611 usecs, the line length
is given by (active scan time/9.611).
Scan line direction
Scan line direction code is 0 for the forvard
scan and 1 for the reverse scan.
Corrent scan line length
This is the nuaber of scene pixels following the
left fill pizels. Pield 10 + Field 11 + Field 19
= Pield 11 of fable 1.3.1.2.
Satellite time code at start of scan
The satellite time code is stored
in 8 binary bytes as follows :
Hundreds of days
Tens of days, days
Tens of hours, hours
Tens of minutes, minutes
Tens of seconds, seconds
Tenths of seconds, hundredths of seconds
Hilliseconds, tenths of ailliseconds
Hundredths of milliseconds and thousandths
of milliseconds.
Calibration inforsation
Detector identification
The detector nuabering sequence within each
spectral band is 1 thru 16,
where detector 16 is the most northerly.
Calibration laap value quality
The calibration lamp value quality flag takes
one of the following values:
0 - good
1 - not used
2 - not available.
Calibration lamp state
the calibration lasp state identifies which of
the eight possible states is being sampled
in field 29 (zero fill for band §}.
Calibration state sequence number
fach calibration lamp state lasts for 40 scans,
and this field gives the sequence nuaber
in the range 1 to 40. (For radiometric
calibration purposes, the first seven values at
any one calibration state should not be used).
this field is zero-filled for band §.
Low level calibration value
, (thousandths of levels)
Por bands 1 through 5 and 7, this is the
zero-radiance calibration level which is
output during the shutter-closed period.
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30
)
3
3

3

6997

1001
1005
7009
1013

1017

1000

1004
1008
1012
1016

1020

It

4
I
I
14

I4

Por baed 6, this is the detector-measured
teaperature of the shutter surface during
the dc-restore calibration period.
Bigh level calibration value

(thousandths of levels)
For bands 1 throagh § and 7, this is the
average over thirty contiguous pixels in the
centre of the calibration wedge.
Por band §, this is the temperature
of the temperature-controlled blackbedy.
The calibration shutter and blackbody
teaperatures referenced in fields 28 and 29
can be found in the TX housekeeping data
record vith sequence nuaber 1.
Cal. lamp computed qain value

(sillionths of units)
Cal. lamp computed bias valwe

(millionths of units)
Applied gain valae

(millionths of units)
Applied bias value

(millionths of units)
The gain and bias values are stored as 2's
complenent binary values in millionths
of units. Fields 10 and 31 are the computed
qain and bias using either onboard calibration
device or default values.
Pields 32 and 33 are the final qain and bias
applied to the data froa the specified detector.
Local use
this field is designated as a local use area,
where all fields should be recorded in binary.
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3.4 IMAGERY LOGICAL VOLUME - TRAILER FILE

The trailer file is of the class TRAILER FILE with the class code
TRAI. Each trailer file contains the following record types described
in the following tables :

l. FILE DESCRIPTOR RECORD

2. TRAILER RECORD )
In order to maintain a manageable record size, there is one set of
four trailer records for each of the bands accommodated in the
accompanying image data file.

Each trailer record contains raw data histograms- for 4
detectors for that band. In addition, it contains the parity error
count and a quality summary.
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start last
iield or field-qroup name byte byte format DESCRIPTION AND EXPLANATION COHTENT?
FDR_PIXED SEGN ¢+ 1 180 PILE DESCRIPTOR RECORD PIXED SEGHEN?
1 -7 1 & 84 Record Sequence Number 1
2 5 5 Bl st record sub-type code (DECIKAL) 83
3 6 6 Bl Record type code  (DECIXAL) 182
{ 1 1 Bl Ind record sub-type code (DECINAL) 18
5 8 § Bl IJrd record sub-type code (DECINAL) 18
6 § 12 B4 [Length of this record 4320 .
] 13 14 A2 ASCIT/EBCDIC Flag AS
8 15 16 A2 1 Blanks §8
$ 17 28 Al2  (Control Docuaent Kuaber for this Data File  GES§104905$$
Pormat
10 29 30 A2 C(ontrol Document Revision Humber
<N¥>,vwhere HH=01-99
11 31 32 A2 Tile Design Descriptor Revision Letter
<>, (Initially '$A‘,then ‘$8’,etc.)
12 13 0 Al2  Software Release Number
THFR-CCT-<IXX>, initiall XXX=001,then 002,etc
13 §5 48 14 Trile Humber
} for BIL; 3,6,9,12,15,18 or 21 for BSQ
14 49 64 Al6 rile Name
LSSSTHCLL>TRAIBSQm or LS3§TMCLI>TRAIBILS
This field can take as value 2¢8¢7 combinations
e.q. LS4$THSITRAIBSQ6, where a is the band nuaber
to which the asso~iated imagery relates,and <LL>
. is the level of corrections applied.
15 85 68 AL Record Sequence and Location Type Flag FS2Q
16 69 76 18 Sequence Number Location $9953§51
17 77 80 14 Sequence Huaber Pield Leagth $§54
18 81 8¢ Al Record Code and Location Type Plag FT1P
19 85 92 I8 Record Code Location $393935%5
20 93 96 14 Record Code Pield Lenqth $384
2 37 100 A4 Record Length and Location Type Flag FLGT
22 101 108 I8 Record Length Location $8355839
23 103 112 14 Record Length Pield Length (111
1} 113 113 Al Tlag indicating that data interpretation
information is included within the file
descriptor record.
<I> ,where I=Y OR R ,for TES or N0
25 I8 114 Al Plag indicating that data interpretation
inforsation is included within the file in
record(s) other than the descriptor
. ‘ <I> ,vhere X=1 OR N ,for YES or NO
26 115 115 Al FPlag indicating that data display information
is included vithin the file descriptor record.
<I> ,where X=1 OR R ,for 7ES or NO
I3 116 116 Al Pleg indicating that data display information

is 'included vithin the file in record(s) other
than the file descriptor.
<I> ,where X=Y OR N ,for YES or HO
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FDR_VARIA SEGX *
3

N
1
1
1
k1

117

181
181

181
193
m
33

13 4320 MM

180

{320
186

192
216
2
248

16

16
AU
Al6
Al§

Reserved Segmeat

FILE DESCRIPTOR RECORD VARIABLE SEGENT

Husber of trailer records

(4*n) where a is the nuaber of bands
frailer record length

Reserved (Blanks)

Quality indicator sumaary counts locator
anlity code suamary map field locator
Blanks

... v
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Blaaks

$54320

- $999929541255208

$$9992§941641578



{XAGERY_VOLUNE
"RAILER FILE
RAILER_RECORD

‘ield or field-group nage

start last

byte byte format

DESCRIPTION AND EXPLARATION CONTENT

OO =l €Y A4S ofn Lad PND s

TRA_DA?

10
11

21
21

{1
{021

4320
4116

{020
4320

Bl
Bl
Bl
Bi
Bl
B4
I
g

409681

Id
AJ00

Record sequence number

Ist record sub-type code 18
Record type code U6
Ind record sub-type code 18
3rd record sub-type code 9
Record length {320

Trailer record sequence nuaber

Sequence number of trailer record within band
Since one record of 4320 bytes can hold the
histograas of only ¢ detectors, four trailer
records are required for each airror scan
direction of each spectral band.

For band 6, full scan lines are replicated

four times. Hence, 16 histograss vill be

provided for each mirror scan direction of band §.

TRAILER DATA

Bistograms for 4 detectors within the band

this field contains the histograms of the RAW
data for & detectors for the band, and conmsists
of 256 data iteas for each detector, where each
data itea occupies 4 bytes and contains the count
in binary, of the number of occurrences of that
value (range 0 to 255) in the RAW scene.

Parity error count

Quality suamary, and LOCAL USZ

this field may be used for a free format
description of the quality of the data.
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3.5 SUPPLEMENTAL LOGICAL VOLUME - VOLUME DIRECTORY FILE

The Volume Directory file is the first file of every TM logical volume
and consists of a Volume Descriptor Record, File Pointer Records and a
Text Record. According to standard format family conventions, the
volume directory file 1is repeated, with certain fields updated,
whenever a logical volume spans more than one physical volume. Those
fields which are modified when the volume directory is repeated at the
start of a new physical volume are identified with notes in the
detailed record layout tables.

There are three record types in this file and their description and
content is contained in the following tables :

1. VOLUME DESCRIPTOR RECORD
There is one file class in the supplemental logical volume, and the
File Pointer Record contains the name and code of that file class, as
follows: '
CLASS NAME CLASS CODE FILE CONTENT
SUPPLEMENTAL FILE SUPP Interval header,

Interval-related ancillary.

2. FILE POINTER RECORD FOR SUPPLEMENTAL FILE
3. TEXT RECORD



UPPLEMENTAL_VOLUXE
OLUHE_DIRECTORY PILE
OLUXE_DESCRIPTOR RECORD

ield or field-group name

start last

byte byte format

DESCRIPTION AHD SXPLANATION

MDD CD S WM B Gl D

[—J

11
12
13
I
15
16
17
18

19

2

13}
n
2
u
25

26
13

28
I3}
30
3

[
el O OO wmd Y SV =

15 16
1 28

i1 n
X T
6 60
61 16
3 9
5 96
91 98
99 100

101 104

105 108
‘109 112
113 120
121 128
129 140

141 148
149 160

161 164
165 168
169 260
261 360

B4
Bl
BL
Bl
Bl
Bl
LY
A
A2
A

A
AR

AL§ .

Al6
Al6
n

n
n
n

I

I
I
A8
A8
AL2

Ag
AL2

J{}
I
A9

Record Sequence Humber

Ist record sub-type code (Decimal)
Record type code (Decizmal)

nd record sub-type code (Decimal)

3zd record sub-type code (Decimal}
Length of this record

ASCi1/2BCDIC Flag

2 Blanks

Superstructure control document nuamber
Superstracture control docunent revision
nugber

<ID> (initially *$C')
Superstructare record format revision letter
<ID> (initially '$A’,then '$B’ ext...)
Software release nuaber

THPR-CCT-<XXX> (initially XXX = 001,then 002,ext.)

identifier of logical voluse containing this
volume descriptor : <MNSYTDDDPPPRRRAA>
Physical Volume ID : <AAQTYDDDRHXKSSHN>
Voluge Set Ip -

Nomber of Physical Volumes in the Set

<$i> where §=1,0r2,0r3.

Physical Volume Humber, Start of Logical
Volaze

Physical Voluae Humber, 2ad of Logical Voluse
<$i> where §=1,0r2,0r3.

Physical Voluae sequence nuaber {i.e. of
curreat tape)

. <§i> vhere §=1,0r2,0r3.

Pirst Referenced File Nuaber in this Physical
Voluse :

Logical Voluse Humber within Volume Set
Logical Voluse Humber within Physical Volume
Logical Voluze Creation Date <TYYYMHDD>
Logical Volase Creation Pise <HEMMSSIX>
Logical Volume Generating Country

ITA - FUCIBO or SWE - KIRUHA

Logical Volune Generating Agency

Logical Voluse Generating Pacility

ITA - PUCIBO or SWE - XIRUHA

Huaber of Pointer Records in Volume Directory
Huaber of Records ia Volume Directory

Voluse Descriptor Spare Segaent

A100 Local Ose Segwent

!
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COuTENT

1
192
192
18
18
360
A}

$
CCB-CCT-0002

LAHDSATS3STNSS 33

Sl

§§51

$$52
137

ESA-EPO

I
3
Blanks
Blanks
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-JMAGERY_VOLUME
J0LUNE_DIRECTORY FILE
%5UpPLENEHTAL_PILE_POINTER_RECORD

3
i start last
"Yield or field-group nase byte byte foraat DESCRIPTION AND BXPLANATION
-
g 1 1 & B¢ Record Sequence Humber
2 5 5 Bl Ist record sub-type code
" L} 6 6 Bl Record type code
: { 1 T Bl nd record sub-type code
’ 5 8 8 Bl Jrd record sub-type code
6 3 12 B4 Leagth of this record
1 13 14 A2 ASCII/EBCDIC Plag
8 15 15 A2 2 Blanks
9 17 20 14 Referenced File Huaber
10 21 36 Al6 Referenced File Name
LS4$TUSSSUPRSSSS
' 5
11 31 64 A28 Referenced File Class
12 65 68 A4 Referenced Pile Class Code
13 63 96 A28 Referenced Pile Data Type
14 31 100 A4 Referenced Pile Data Type Code
15 101 108 I8 Buaber of Records in Refereaced File
This field is calculated according to
the requested number of interval-related
- ancillary records.
16 109 116 I8 Referenced File - Descriptor Record Length
17 117 124 I8 Referenced File Maxiasum Record Length
18 125 136 A12 Referenced File Record Length Type
19 137 140 A4 Referenced Pile Record Length Type Code
20 Ml 142 12 Referenced Pile Physical Volume Humber, Start
of File
13 3 W n Re{etenced File Physical Voluae Humber, End of
File
2 145 152 12 Referenced Pile Portion, lst Record Number for
this Physical Volume
'3} 153 160 18 Referenced file portion, last record auaber
for this physical voluse
This field is calculated according to
the requested nuaber of interval-related
ancillary records.

U 161 260 2100 Poimter Spare Segaent
25 261 360 A100 Local Use Segment

B R i

EpRr o 1=
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conren?

8
192
18
18
360
A

SOPPLEXEHTALFILE

suee
HITEDSBIHARTSARDSASCII
¥BAA

540

6300
VARIASLENGTH
VARS

4l

§1
$t

Blanks
Blanks



SUPPLENENTAL_VOLONE
/0LONE_DIRECTORY_FILE

"Xt RECORD

“ield or field-group nase

.......

start last
byte byte format
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DESCRIPTIOR AHD EXPLANATION CoxTEy?

OO b O LY i b BD P

10

11

12

13

— s
AT ek D €D ) Oy LY e

1

67

125

1N

13y

124

1713

2§

360

A50

A58

A9

ALl

Record Humber
Ist record sub-type code 18
record type code, always 63
2nd record sub-type code 18
Ird record sub-type code 18
Length of this record 360
ASCII/BBCDIC flag for this record A$
Continuation flag. This field contains two
blanks unless the inforaation of this
record is continued on a following record,
in vhich case, the field is coded C$.
Supplesental file description
LAHDSAT§<S>$THEMATICSHAPPIRSSUPPLENENTALS
DATASFILE<CRLE>
vhere <§> is the number of the LANDSAT mission
Location and date/time of product creation
PROCESSED: $ITASPUCINOSFORSESASEARTHNET SONS
SWESKIRUNA
SPASHASPAL
<TTTTHHDD>§§9$$$$$$$5$ <CRLP>
the date of recording the Logical Volume
is stored in the form <TTTTYMDD>, where YYTY
is the year, MK is the moath and DD is the day .
Orbit identification
ORBITSS: $§3<BBBBBBBBY$55S55$$$5S IMAGEDSONS
<TYYTHNDD><CRLE>
The orbit is an 8-byte ASCII Mumeric string,
<BBBBBIBA>. In addition, the date of recording
of the original Landsat T¥ image is stored in
the fora <TTYYKEDD>,same format as field 19.
Physical tape identification
TAPEGID: $$<XXHHEN>$59$55$595$$TAPES
<HH>SOF$<LLY<CRLE>
The physical tape id. is a 16 character field"
e.q. ISI2.........., folloved by the tape
sequence nuaber, <MM>, within the Physical
Yolume Set containing a total of <LL> tapes.

Ald¢  Blanks
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3.6 SUPPLEMENTAL LOGICAL VOLUME - SUPPLEMENTAL FILE

The Supplemental file is the only data file in the supplemental
logical volume, and is of the class SUPPLEMENTAL FILE with the class
code SUPP. There are five records types in this file whose description
and content are contained in the following tables :

l. FILE DESCRIPTOR RECORD

INTERVAL HEADER RECORD

. TM HOUSEKEEPING DATA ANCILLARY RECORD

. EPHEMERIS AND ATTITUDE ANCILLARY RECORD
- RAW JITTER MEASUREMENTS ANCILLARY RECORD

UL WwN
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UPPLEKENTAL_VOLUKE
GPPLENERTAL FILE
1LE_DESCRIPTOR_RECORD

start last
ield or field-group name byte byte format DESCRIPTION AND EXPLANATION COHTENT
PDR_FIXED SEGK * 1 180 PILE DESCRIPTOR RECORD FIXED SEGHENT
| I 4 B4 Record Sequence Number 1
2 5 5 Bl Ist record sub-type code (DECIMAL) 83
] 6 § Bl Record type code (DECIMAL) 192
{ 1 1 Bl 2nd record sub-type code (DECIMAL) 18
5 8 8 Bl 3rd record sub-type code {DECIMAL) 18
§ 9 12 BY Length of this record 340
1 13 14 A2 ASCII/EBCDIC Flag A§
8 1S 16 Al 2 Blanks 3
§ 17 28 Al? Control Document Number for this Data File  GES31049055$
Foraat
10 29 30 A2 Control Document Revision Number
<kN>,where HEN=01-99
11 31 32 A2 File Design Descriptor Revision Letter
<I®>, (Initially '$A’,then *$B’,etc.)
12 33 W M2 Software Release Humber
THFR-CCT-<XXX>, initiall XXX=001,then 002,etc
13 5 48 I4 File Number §951
14 §9 64 Al6 PFile Name
LSS$THCLL>SUPPSS$S where <LL> is
the level of corrections applied.
15 65 68 A4 Record Sequence and Location Type Flag FS2Q
16 69 76 I8 Sequence Nuaber Location $98353¢1
17 17 80 14 Sequence Humber FPield Length (331]
18 81 84 Al Record Code and Location Type Flag FTYP
19 85 92 18 Record Code Location $95558¢5
20 93 96 14 Record Code Pield Length §984
U 37 100 AL Record Length and Location Type Flag FLGP
12 101 108 18 Record Length Location $9955459
2 109 112 14 Record Length Field Length S
U 13 113 Al Flag indicating that =~ data interpretation
information is included within the file
descriptor record.
<X> ,where I=Y OR N ,for YES or K0
25 114 14 Al Flag indicating that data interpretation
information is incloded within the file in
record(s) other than the descriptor
<I> ,vhere I=1 OR R ,for YES or NO
26 15 115 Al Flag indicating that data display inforsation
is included within the file descriptor record.
<I> ,where X=1 OR ¥ ,for YES or KO
3] 16 11§ Al Flag indicating that data display information
is included vithia the file in record(s) other
than the file descriptor.
<X> ,vhere X=1 OR N ,for TES or KO
28 117 180 Reierved Sequent Blanks
POR_VARIA SEGK * 181 540 FILE DESCRIPTOR RECORD VARIABLE SEGNEN?



23
30
1
12
1
H
35

36
N
38
39

4
{1
§2
4
44
£

46
1
{8

49
50
3
52
53
54
33

3%

57
58

181
187
193
199
205
21
m

21
29
235
i1

11y
253
259
25
11
m

83
289
295

301
30
33
318
35
31
i
353
369
385

186
192
198

-204

210
216
7Y

28
u
240
246

252
258
264
210
216
82

288
294
300

306
i
18
34
130
136
352
368
384
540

Ié
16
I6
I6
Is
I§
I

I
16
I
16

Is
I6
I
1§
16
I8

1§
I
I

16
I
I5
I6
I6
I3
Als
Al§
Als
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Nuaber of interval-related header records $38981
Interval-related header record length $$1800
Huaber of TN housekeeping data records

TH housekeeping data record length $$2880
Husber of processed ephemeris data records

Processed ephemeris data record leagth $34680
Humber of scene definition (scene header)

records

Scene definition record length

Humber of sceme quality data records

Scene quality data record length

Nuaber of geometric modelling (map projection)
data records

Geometric modelling data record length

Nuaber of sparse matrices records

Sparse matrices record length

Huaber of GCD mirror scan start time records
GCD mirror scan start time record length
Humber of high frequency along scan matrix
records (raw jitter measurements)

High frequeacy along scan matrix record $$6300
length

Kuaber of high frequeacy cross scan matrix
records

High frequency cross scaa aatrix record
length

Huaber of annotation records

Annotation record leagth

Number of aission telemetry ancillary records
Hission telemetry ancillary record length
Huaber of local use records

Local use record leagti

Interval data start tise locator

Interval data stop tiame locator

Orbit field locator

§999329595255164
§99952955541516A
$99992§59593558A

Al56 Spare (3lanks)
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IPPLENENTAL_VOLOME
‘?PLEKENTAL PILE
{TERVAL_HEADER_RECORD

start last
ield or field-group name byte byte format DESCRIPTION AND EXPLARATION COHTENT
1 l ¢ B4 sequence number
2 5 5 Bl 1st record sub-type code n
] 6 § Bl Record type code 18
{ 1 1 Bl 2nd record sub-type code 1
5 § 8 Bl 3rd record sub-type code 36
§ 3 12 B4 Length of this record 1800
1 13 16 14 Interval header record sequence nusber .
8 17 20 M Blanks $95$
INT_HEA DATA ¢+ 21 1800 THTERVAL HEADER DATA
9 214 A4 Blanks 3983
10 5 40 Input scene start time
All times are made up as follows :
<DDDDMKMNMNHKTTT>$ where
00D is the day of the year
MEMMMHKN are the milliseconds of day
TIT are the thousands of milliseconds
Pields 10 and 11 may be blank filled if there
. is no associated imagery logical volume.
11 {1 56 Input sceme stop time
12 5T 1 PCD telemetry start tise
13 13 88 PCD telemetry stop time
14 : 83 9 Humber of PCD major frames
15 93 100 Ocbit nuaber

16 101 1800 Spare
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SUPPLEXENTAL_VOLUNE
SUPPLENENTAL PILE
TH_ROUSEKEEPING_DATA_AHCILLARY_RECORD

start last
field or field-group name byte byte foraat DESCRIPTION AHD BXPLANATION CONTEN?
l l { B4 sequence nuaber
2 5 3 Bl lst record sub-type code 121
} § 6 Bl Record type code 3
{ 1 7 Bl 2nd record sub-type code n
S 8 8 B! 3rd record sub-type code 36
6 9 12 B4 [Length of this record 2880
1 13 1§ I4 T4 housekeeping data record sequence nusber

Pield 7 contains the sequence number of this ancillary record

within the set of interval related ancillary records of this

type, starting froa I.

8 17 20 [4 PCD major frame identifier

Field 8 of PCD related records is defined to contain BITHER
flags to indicate which elements within this record have been
updated within the current PCD major frase, OR the sequence

nusber of this interval related ancillary record WITHIN the

PCD major frame. this TM housekeeping ancillary record has

been defined for the telesetry data vhich is stored in the

third PCD major frame after the telemetry sajor (rame pulse,

and will be identified by a sequence number of 1. If

telemetry data fron the first major frame after the telesetry
sajor frame pulse is required, then it will be stored in a

record with an identical format but with the sequence nuaber 2.

L3 G | PCD NAJOR FRAXE START TINE
3 21 24 14 Day of year at start of PCD frame (STC)
10 25 32 13 NMilliseconds of day at start of PCD frame (SIC)
11 3335 13 Thousandths of Milliseconds of day
at start of BCD frame (SIC)
12 ¥ 36 Blaak
37 2880 T8 HOUSEXEEPING DATA

In comson with other interval related ancillary records, the
T4 housekeeping data fields supply the time offset from the
start of the PCD major frame, the observation itself, and
sufficient auxiliary information to coavert the observation to
engineering units.
t 3 1 Blackbody teamperature Degrees C

13 31 46 110 TH housekeeping sample time offset (aicroseconds)
Gives the time offset of the observation since the
start of the PCD major frame, in microseconds.

14 4 50 14 T housekeeping sample

NOTE :

Fields 15 through 20 contain coefficieats A0, Al, A2, A3
Al and A5 respectively, which are required to convert the
telemetry function from counts (C) to engineering units by
using the following equation:

EO = AD # AL*C + A2*Ct*2 + AJeCee] + AdeCred # ASHCHeS



15
16
17
18
19
0

53

51
63
15
81
99
111

12}

209
295
38l
467
553
639
125
811
897
983
1069
1155
1241
1327
1413
1499
1585
1671
1757
1843
1929
2015
2101
U8
013
2159
145
2511
2617
2103
2189

283

62
I8
86
98
110
122

208

294

380

{66

352

638

14

810

836

982
1068
1154
1249
1326
1412
1498
1584
1670
1756
1842
1928
2014
2100
2186
un
2358
2444
2530
2616
2102
2788
2836

2880

£12.6
El12.6
12,6
B12.6
E12.6
B12.6

A0 coefficient
Al coefficient
A2 coefficient
AJ coefficient
A coefficient
A5 coefficient

ROTE :
Data fields 21 thru 51 are constructed from 86 bytes in an
identical fashion to group of fields {13 to 20).

Silicon focal plane asseably tesperature (FPA)
Degrees (

Calibration shutter teaperature Degrees (

Unused

Baffle teaperature Degrees-C

Cold stage PPA teaperature Degrees K

Unused

Unused

Scan line corrector temperature Degrees €
Calibration shutter hub teaperature Degrees C

Unused

Unused

Relay optics teaperature Degrees C

Unused

Unused

Unused

Unused (Unpacked as serial word B)

Unused

Unused (Unpacked as serial word D)

Unused (Unpacked as serial word E)

Unused (Unpacked as serial word F)

Unused (Unpacked as serial word )

Unused

Unused (Unpacked as serial word L)

Prinary airror teaperature Degrees C

Unused

Secondary mirror teaperatere Deqrees (

Unused

Unosed

Unased

Unused

Unused

Serial words 8,D,E,2,G,L

The content of serial words 8,D,E,F,G and L extracted
froa minor frages 32,34,35,36,37 and 39 is reproduced
here in an expanded form, with 1 byte beeing used to
store the data from each bit of the serial word. Each
bute can take the ASCII Numeric value of :

0 = OFF or 1 = ON.

Spare
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SUPPLEHENTAL VOLUKE
SUPPLENENTAL FILE
SPHENERIS_AND_ATTIZUDE_AHCILLARY RECORD

start last
tield or field-qroup name byte byte forsat DESCRIPTION AHD EXPLANATION CONTEHT
1 1 { Bl sequence nuaber
2 5 5 Bl lst record sub-type code 28
] 6 6 Bl Record type code 36
{ 1 1 Bl 2nd record sub-type code 1
5 § 8 Bl 3rd record sub-type code 36
6 9 12 B4 Length of this record 4680
1 13 16 T¢ Epheseris and attitude data record sequénce nusber

Sequence number of the ancillary record vithin the
set of interval related ancillary records of this type.

8 17 20 {Il Four flags indicating wvhether the coaponent
vas updated in the current PCD major frage.
Values are 0/1 representing HO/YES
Byte 17 - ephemeris flag
Byte 18 - attitude flag
Byte 19 - gyro flag
Byte 20 - gyro drift flag
HOTE :
Field 8 of PCD related records is defined to coatain BITHER
flags to indicate which elements within this record have been
updated within the current PCD major frame, OR the sequence
nusber of this interval related ancillary record RITHIN the
PCD major frame. For the ephemeris and attitude ancillary
record, this field contains update flags, as fellows:
Bphemeris data is updated in alternate major frames,
Attitude data is updated in every major frame,
Gyro data is updated 64 times in every major frase at equal
tine intervals,
Gyro drift data is updated once in (approximately} every
sixteenth major frame.

vl 36 PCD HAJOR PRAHE START TINE
9 21 24 14 Day of year at start of PCD frame (SIC)
10 5 32 I8 |Milliseconds of day at start of PCD frase (SC)
11 33 35 I3 ‘Tthousandths of milliseconds of day at start of

PCD frame (S1C)

12 6 1 ~ Blank

t 1N 18 EPHEMERIS DATA

HOTE :

In comson vith other interval related ancillary records,
the ephemeris and attitude data fields supply the tise
offset for the observation. ?he time since the start of
the PCD major frame is given in microseconds.

13 31 46 110 Ephemeris measurement time offset (microseconds)
14 41 68 D22.15 Spacecraft position component X
15 69 90 D22.15 Spacecraft position component Y
16 91 112 022.15 Spacecraft position component I
11 113 134 022.15 Spacecraft velocity component X

18 135 156 D22.15 Spacecraft velocity component Y



13

2
2
0
I3
U

25

26

3]
28
28
30
k¥

157

t 119

179
189
211
213
255

+n
m

281

t {511

4511
4521
{541
4565
4587

178 D22.15 Spacecraft velocity coaponent 2
HOTE : UNITS AND FRAME OF REFERBHCE
Al components are stored with reference to the earth-ceatred
inertial (ECI}) frame. In the ECITOD systea, the I-axis is
along a line from the centre of the earth coincident vith the
true earth spin axis, positive morth, the X-axis is along a
line froa the centre of the earth toward the intersection of
the true equator and true ecliptic of date. the Y-axis
coapletes the right-handed set.
The ECITOD systea varies slovly with respect to a truly
inertial system due to precession and nutation of the earth’s
axis and precession of the plane of the ecliptic. These
variations occur sufficiently slowly that the ECIT0D systes
can be considered to be inertial over a span of a few days for
attitude control purposes. .
Spacecraft position components are given in ECITOD
coordinates in metres.
Spacecraft  velocity  components are given i
petres/aillisecond.
276 ATTITUDE DATA
NOTE : :
Attitude is Buler parameters EPAL, BPA2, EPA} and EPA{ that
specify vehicle attitude relative to the ECI frame. The
paraseters are components of the reference quaternion (as
propagated from gyro data) which defines spacecraft attitude.
Coaponents | through 3 define the Bigea axis of rotation in
ECI coordinates, and compoment { defines rotation about that
axis, as follows;
EPAL = AX * sin{0/2)
EPA2 = AY ¢ sin(0/2)
EPAY = AZ ¢ sin{0/2)
EPAL = c0s(0/2)
vhere A = Eigenaxis of rotation, and 0 = magnitude of
rotation,
188 110 Attitude measuresent tine offset (aicroseconds)
110 022.15 EPAL
232 022,15 EPA2
254 022.15 2PA3
216 022.15 BPM
§510 GTRO DATA
286 110 Gyro measurement (first measurement) time offset
(ricroseconds)
Time of measurement of gyro drift is indeterminate.
4510 64* 64 sets of gyro measurements, where each set

3022.15 consists of measurements for each of 3 azes.
Gyro output units are arc-seconds of angle,

4680 GTRO DRIFT DATA
Gyro drift output units are radians/512 msecs.
4520 110 Gyro drift measurement time offset (aicroseconds)

4342 D22.15 Gyro drift - x axis
4564 D22.15 Gyro drift - y axis
4586 D022.15 Gyro drift - z axis
4680 Spare
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SUPPLEHENTAL_VOLUME
SUPPLENENTAL_FILE
3AH_JITTER_NEASURENENTS AHCILLARY RECORD

start last
field or field-group naze byte byte format DESCRIPTION AND EXPLANATION CONTENT
l 1 { Bl sequence nuaber
2 5 S Bl Ist record sub-type code 229
3 6 § Bl Record type code 36
{ 1 1 Bl 20d record sub-type code 146
5 8 8 Bl 3rd record sub-type cade 36
6 § 12 B4 Length of this record §300
1 13 16 I Rav jitter seasurement record sequence number .

Sequence number of this ancillary record within the
set of interval related amcillary records of this type

8 17 20 14 Sequeace number within PCD major frame
Field § of PCD related records is defined to contain EITHER
flags to indicate which elements within this record have been
updated vithin the curreat PCD major frage, OR the sequence
nusber of this interval related ancillary record WITHIN the
PCD sajor frame. For the rav jitter ameasurements ancillary
record, field 8 contains the sequence nuaber of this record
type within the PCD major frame.

vl 36 PCD NAJOR FRAME START TINE
y A1 W 14 Day of year at start of PCD frase (S7C)
10 25 12 18 \Milliseconds of da{ at start of PCD frame (STC)
11 33 35 13 Thousandths of ailliseconds at start of PCD frame
12 36 36 Al Blank

N1 ADS T2YPERATURZ DATA

Tize offsets in microseconds and tesperature of the
four ADS temperature measurements.

13 31 46 110 ADS tesperature (1) time offset (microseconds)
14 41 58 El12.5 ADS teaperature (1) degrees C

15 59 68 I10 ADS tesperatsre (2) time offset (microseconds)
16 69 80 RI2.5 ADS temperature (2} degrees

17 §1 90 110 ADS temperature {3} time offset (microseconds)
13 91 102 BI2.5 ADS temperature (3) degrees C

19 10 112 110 ADS temperature (4) time offset (microseconds)
20 113 12¢ E12.5 ADS temperature (4) degrees C '

t 125 6300 ADS YZASUREMENTS

Fields 21, 22 and 23 give.the time offset of the observation
since the start of the major frame, in microseconds. Since
there are measurements for 3 ADS axes, the time offset is
provided for the first measurement of BACH of the three axes.
The time interval betveen successive measurements is 2 msecs.

U 125 134 110 ADS measurement (l},axis I,time offset (microseconds)
Iy 135 144 110 ADS measurement (1},axis 2,time offset {microseconds)
1 145 154 110 RDS measurement (1),axis 3,time offset (microseconds)
U 155 6298 1024*B2 1024 ADS measuresents, each measurement consisting

of 'l sample of each of 3 axes, 2 bytes each sample.
Since each axis of the ADS is sampled every 2 msecs, there
vill be a total of 2048 ADS measureaents per PCD major frase.



25

6299 6300

Bach jitter measurements ancillary record therefore contains
1024 samples froa EACH of the three axes, which are roll,
pitch and yaw respectively. Bach sample is stored as a 2-byte
binary integer, where the most significant bit of the first
byte is the sign, and the least significant bit represeats
(250/2*¢11) wmicroradians. fTotal requiresents for one BCD
sajor frame are 2 records, each of length 6300 bytes.

Spare
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3.7 CALIBRATION LOGICAL VOLUME - VOLUME DIRECTORY FILE

The Volume Directory file is the first file of every TM logical volume
and consists of a Volume Descriptor Record, File Pointer Records and a
Text Record. According to standard format family conventions, the
volume directory file is repeated, with certain fields updated,
whenever a logical volume spans more than one physical volume. Those
fields which are modified when the volume directory is repeated at the
start of a new physical volume are identified with notes in the
detailed record layout tables.

There are three record types in this file and their description and
content is contained in the following tables :

l. VOLUME DESCRIPTOR RECORD

There is one file class in the calibration logical volume, and the
File Pointer Record contains the name and code of that file class, as
follows:
CLASS NAME CLASS CODE FILE CONTENT
CALIBRATION FILE CALB Interval header,

Interval-related ancillary.

2. FILE POINTER RECORD FOR CALIBRATION FILE
3. TEXT RECORD



‘ALIBRATION_VOLONE

-SLUNE_DIRECTORY FILE
‘OLUNE_DESCRIPTOR_RECORD

‘ield or field-group name

D OO =l € LS i ot D e

I
12
13
14
15
16
11
18

19

start last
byte byte format

|
1
{5
61
93

9
93

101

105
109
13
121
129

141
149

161
165
169
261

1
4
60

16
2
L

98
100

104

108
112
120
128
140

148
160

164
168
260
160

A2
Al2
Al§
ALG
ALS

I2

n

12

12

I4

I
14
A8
A8
A2

A8
Al

I
I4
A92

DESCRIPTION AND BXPLANATION

Record Sequence Huaber

Ist record sub-type code (Decimal)
Record type code (Decinal)

Ind record sub-type code (Decimal)

3rd record sub-type code (Decimal)
Length of this record

ASCIT/EBCDIC Flag

2 Blanks

Superstructure control document nuaber
Superstructure control document revision
nuaber

<IX> (initially *$C’)

Superstructure record fornat revision letter
<IX> (initially *$A’,then '$8°,ext...)
Software release number

THFR-CCT-<XXD> (initially XXX = 001,then 002,ext.)

identifier of logical voluse containing this
volume descriptor : <AHSYTDDDPPPRRRAA
Physical Volume ID : <AAQVYDDOHHMMSSHN>
Volume Set ID -

Number of Physical Volumes in the Set
<$N> where N=1,or2,0c3.

Physical Voluze Nusber, Start of
Volume

Physical Voluse Kumber, End of Logical Volume
<§N> where N=},0r2,o0r3.

Physical Voluse sequence nuaber (i.e. of
current tage)

<§N> where H=1,0r?,0r3.

Pirst Referenced Pile Humber in this Physical
Voluge

Logical Voluae Nuaber within Volume Set
Logical Voluse Nuaber within Physical Volume
Logical Voluze Creation Date <7TYTHNDD>
Logical Voluse Creation Time <HHMNSSIX>
Logical Voluze Generating Country

ITA - FOCIKD or SWE - KIRONA

Logical Volure Generating Agency

Logical Voluse Generating Pacility

ITA - FUCIHO or SWE - KIRONA

Husber of Pointer Records in Volume Directory
Husber of Records in Voluae Directory

Volume Descriptor Spare Segament

Logical

A100 Local Ose Segment
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CONTENT

1
192
192
18
18
360
A

$
CC3-CCT-0002

LANDSATSSSTH$S$S

$1

Blanks
Blanks



CALIBRATION VOLONE
VOLUNE_DIRECTORY FILE
CALIBRATION_FILE_POINTER_RECORD

start last
field or field-group name byte byte format DESCRIPTION AED EXPLAMATION

1 1 { B4 Record Sequence Huaber

2 5 5 Bl lst record seb-type code

] 6 6 Bl Record type code

4 1 1 Bl 2nd record sub-type code

5 8 8§ Bl 3rd record sub-type code

6 9 12 B4 Length of this record

1 13 14 A2 ASCII/EBCDIC Flag -

8 15 16 A2 2 Blanks

9 17 20 14 Referenced File Humber

10 21 36 Al6  Referenced File Nane
LS4STHSICALBSSSS

5

11 37 64 A28 Referenced File Class

12 65 68 A4 Referenced File Class Code

13 69 96 A28 Referenced File Data Type

i 97 100 AY Referenced File Data ?ype Code

15 101 108 I8 Humber of Records in Referenced File

16 109 116 18 Referenced Pile - Descriptor Record Length

n . 117 1246 18 Referenced Pile. Maximum Record Length

18 125 136 A12  Referenced File Record Length Type

19 137 140 A4 Referenced File Record Leagth Type Code

11} 141 142 12 Physical Volume Number comtaining the first
record of the refereaced file

13 143 W4 12 Physical Volume Humber containing the last
record of the referenced file

0 145 152 12 Record Humber of the first record appearing
in this Physical Voluae

23 153 156 14 Length of the Logical Record

i 157 160 14 Blocking Factor

25 161 260 ALO0 Pointer Spare Segment

26 261 360 ALO0 Local Use Segment
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COHTEHT

360

CALIBRATIONSFILZ

CALB
KIXED$BINARTSANDSASCIE
HBAA

6401

6090

§090
VARTABLESLEN
VARE

870

1
Blanks
Blanks



“ALIBRATION VOLUKE
IJLUME_DIRECTORY FILE
*2X?_RECORD

iield or field-group nanme

start last

byte byte format

DESCRIPTION AND EXPLANATION COHTENT

OO wd N U e Ll D s

10

11
12

13

LS s O OO =d O LI s

11

61

125
I

2%

66

124

173
M

360

AS0

AS8

A4
AS4

Al))

Record Huaber

Ist record sub-type code 18
record type code, always 63
Ind record sub-type code 18
3rd record sub-type code 18
Length of this record 360
ASCII/EBCOIC flag for this record A

Continuation flag. This field contains two

blanks unless the information of this

record is continued on a following record,

in which case, the field is coded C$.

Calibration file description

LANDSAT§ <S>$THEMATIC SNAPPERSCALIBRATIOHS S

DATASF ILE<CRLF>

vhere <$> is the nunber of the LAKDSAT mission
Location and date/time of product creation
PROCESSED: SITASFUCINOSFORSESASEARTHNETSONS
<IT>/<NN>/<DD>$8§$$ '
vhere TT is the year, KN the month and DD the day.
Inage identification

INAGE IDEBTIFICATIONSSSAA-BBB-CCCS$$$5585$555S
Physical tape identification

TAPESID: $S<XINNEN>$$$555$SSSSSTARES

<> $OF§<LL>
The physical tape id. is a 16 character field
e.q. ISI2ZHN.......... (folloved by the tape

sequence nuaber, <MM>, within the Physical
Voluse Set containing 2 total of <LL> tapes.
Blanks
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3.8 CALIBRATION VOLUME - CALIBRATION FILE

The Calibration file is the only data file in the calibration
logical volume, and is of the class CALIBRATION FILE with the class
code CALB. There are two record types in this file and their
description and content are contained in the following tables :

1. FILE DESCRIPTOR RECORD

The FDR variable segment gives the number and length of the records
in the calibration file,information on the time interval of
calibration acquisition, the pointer to the video data.

In addition, locators are given, supplying the location and format of
several important data fields within the calibration file.

2. CALIBRATION DATA RECORD



CALIBRATION VOLUXE
CALIBRATION FILE
PILE_DESCRIPTOR_RECORD

field or field-group naae

PDR_FIZED SEGH

D OO wd O LN e b N

P s e
e o

-

15
16
17
18
19
11
2l
n
3]
U

25

26

21

FDR_VARIA SEGH ¢
28

§5
69
n

85
93
91
101

109
113

14

115

116

111
1117

start last
byte byte format

DESCRIPTION AND EXPLANATION
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CONTENT

48
1

68

80
84
9:
96
100
108
112
113

114

115

116

6090 °

120

Al

Al

Al

14

FILE DESCRIPTOR RECORD FIXED SEGMEH?T

Record Sezuence Huaber

Ist record sub-type code (DECIMAL)

Record type code  (DECINAL)

2nd record sub-type code (DECINAL)

3rd record sub-type code {DECINAL)

Length of this record

ASCII/2ZBCDIC Flag

2 Blanks

Control Document Huaber for this Data File
Format

Control Document Revision Number

<§¥>,where HN=01-99

Pile Design Descriptor Revision Letter

<I1>, (Initially '$A‘,then '$B’,etc.)

Software Release Number

THPR-CCT-<XXI>, initiall XXX=001,then 002,etc
File Number '

Pile Hame

LS5$TH<LL>CALBBSQn or LSS$TH<LLOCALBBILS

<LL> is the level of corrections applied.
Record Sequence and Location Type Flag
Sequence Humber Location

Sequence Number Field Length

Record Cade and Location Type Flag

Record Code Location

Record Code Field Length

Record Leagth and Location Type Flag

Record Length Location

Record Length Field Length

Flag indicating that data interpretation
information is included within the file
descriptor record.

<I> ,vhere X=Y OR ¥ ,for YES or ¥0

Plag indicating that data interpretation
information is included within the file in
record(s) other than the descriptor

<I> ,where X=Y OR N ,for YES or HO

Plag indicating that data display information
is included within the file descriptor record.
<I> ,where X=Y OR K ,for YES or HO

Plag indicating that data display inforsation
is included within the file in record(s) other
than the file descriptor.

<X> ,vhere X=Y OR § ,for YES or NO

FILE DESCRIPTOR RECORD VARIABLE SEGHENT

Nission number

)
GES310490955

FSZ9
§9888851
§854
FTYP
$9385395
$9%4
FLGE
$3335559
§3d



{4
45
46
{1

{9
50
51

121
125
129
133
137
149
161
165
169
173
175
m
181
21
225

%61
a1
23]
309
15
U1
357

124
128
132
136
148
160
164
168
1n
174
176
180
220
224
260

216
192
308
U
0
356
160

361 6090

Alb
Al
alé
Alf
alé
Al6

Ad

Path nuaber

Acquisition year
Acquisition month
Acquisition day
Acquisition start time
Acquisition stop time
Husber of acquired swath
Humber of physical records
Physical record length
Blocking factor

Nuaber of logical records
Logical record length
Blanks

Record relative to first video
Blanks

Locator fields point to the position
within the file where various
infornation can be found.

Scan nuaber field

Band nomber field

Detector number field

Scan time field
Rec.seq.aua.vithin phys.rec.
Scan direction field

fotal of four blanks

Blanks

teewe tel . wwama
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$5IIASSITASSN
§SISIATIIIL59924
$5959A599521552
$5959A359529858A
5955AS3S5 175524
5995588323552
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CALIBRATION VOLUME

CALIBRATION PILE

CALIBRATION_RECORD

field or field-qroup name

1

start last
byte byte format

13
15

17

19

2
2]
25
Y]
13}

N
39
i

¢ I
8§ I
12 i
I n
6 12
18 1
N n
2 n
U 1
% 12
8 12
6 24
¥ N
0 n
870 8308l

DESCRIPTION AHD EXPLANATION

Record sequence nuaber

Huaber of physical record within the file.
Repeated in all logical records.

Record type code

Physical record length

Leagth of the record on tape (7t870 = §090)
Blacking factor

Length of logic record

Set to 870

Sequeace nunber (file)

Sequence number of the logical record
vithin the calibration file.

Sequence nuaber (record)

Sequence nuaber of the present logical record
within the tape record (1-7).

Scan nusber -

Scan direction

Band nuaber

Detector nuaber

Scan start time

Sane code than scan time in imagery file.
Calibration lamp status

Calibration lanps sequence nuaber
Calibration values

R e P U
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3.9 NULL VOLUME DIRECTORY FILE

The logical volume set is terminated with ‘a null volume directory
file. The null volume directory contains only one record, namely, the
null volume descriptor record whose description and content are

contained in the following table :

1. NULL VOLUME DESCRIPTOR RECORD



NULL_VOLOKE
VOLUNE_DIRECTORY PILE
VOLONE_DESCRIPTOR_RECORD

start  Jlast
field or field-group aame

l l ¢
2 5 3
] 1 §
{ 1 1
5 § 8
6 y 12
1 i U
8 13 16
S 11 78
10 9 30
I8 n n
12 I 4
13 60
14 : ol 76
15 9N
16 95
17 $5 9
18 7 9
19 93 100
20 101 104
21 105 108
N 109 112
23 113 120
U 121 128
25 129 140
26 U1 148
0 143 160
28 161 164
H 163 158
10 169 260
i %1 330

byte byte foraat

A2
Al2
Al6
Alb
Al6

I2

I2

2

12

I

i
14
AR
A8
AR

Al
A2

It
I
AN

DESCRIPTION AED EIPLANATIOH

Record Sequence Nuamber

Ist record sub-type code (Decimal)
Record type code (Decimal)

2nd record sub-type code {Decimal)

3rd record sub-type code (Decimal)
Length of this record

ASCI1/2BCDIC Plag

2 Blanks

Superstructure control document nuaber
Superstructure control document revision
nuaber

D> (initially *sc')

Superstructure record format revision letter
<2 (initially '$A’,then '$B',ext...)
Software release number

T9FR-CCT-<IID> (initially XXX = 001,then 002,ext.)

identifier of logical volume containing this
7oluse descriptor : <NSTYDDDPPPRRRAA>
Physical Voluae ID

Voluse Set 1D

Nuaber of Physical Voluaes in the Set
<38> vhere N=1,0r2,0r3.

Physical Yoluse Huaber, Start of
Yolue

Physical Volume Huaber, End of Logical Volume
<3¥> where N=1,or2,or3.

Paysical Volume sequence number (i.e. of
cerrent tape)

<38> where H=L,or2,or3.

First Referenced File Husber in this Physical
Voluae

Logical Voluae Huaber within Volume Set
Logical Voluse Nomber vithin Physical Volume
Logical Voluae Creation Date <TYTTHKDD>
Logical Volume Creation Time <HRMHSSXI>
Logical Voluse Gemerating Country

ITA - POCINO or SWE - KIRONA

Logical Voluse Gemerating Agency

Logical Voluse Generating Pacility

ITA - FUCIRO or SWE - KIROHA

Husber of Pointer Records in Voluse Directory
Nuaber of Records in Volume Directory

Voluse Descriptor Spare Sequent

Logical

Al00 Local Use Seqaent

'
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CORTEN?

192
192
63
18
360
A

"
(C3-CCT-0002

Blanks
Blanks

$l

BSA-EPO
Blanks

Blaaks
Blanks
Blanks
Blanks
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ANNEX 1

STANDARD FORMAT FAMILY OVERVIEW

This chapter has been designed to' acquaint the user with the

philosophy behind the ESA standard Landsat ™ Computer
Compatible Tape (CCT) format design, showing its relationship to
other implementations of the standard format, - and giving an

overview of the type of data contained within each record.

A.l1 STANDARD FORMAT INTRODUCTION

The standard format used by ESA for Landsat TM data is a member of
the standard CCT family of tape formats, as defined by the Landsat
Ground Station Operators’ Working Group (LGSOWG) Technical
Working Group (LTWG), and as maintained by the LGSOWG Change Control
Board (CCB). .

The standard format family incorporates the concept of a
superstructure at four distinct levels, namely, volume, file,
record and data field level, which permits the precise structure of
the CCT to be defined within the tape itself. A major
advantage emanating from this constraint is that CCT'’s
incorporating the superstructure and containing data from the same
remote sensing source (for example, Landsat TM), but generated by
many different agencies, can be read with identical software.
In addition, imagery data from other remote sensing sources, such as
Landsat MSS data, airborne MSS data, and Seasat SAR data, when
recorded in the standard format, can also be read with the
same software.

The specific details of the standard format family of tape formats
are defined by Buhler (1979), while the remainder of this section
gives an overview of the most important features.

A.2 SUPERSTRUCTURE OVERVIEW

The general superstructure of a product is shown in Figure A.2.
Within the standard format family, data files are logically grouped on
a tape or set of tapes, and this group is referred to as a logical
volume. The individual tapes are the physical volumes. The
family is sufficiently general to permit the storage of many
logical volumes within one physical volume, or to split one
logical volume across several different physical volumes. In
addition, volume sets, consisting of more than one logical
volume, each of which may span more than one physical volume, are also
accommodated within the family.

L N
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At the highest level of organisation, a logical volume written in
the standard format may be seen to .consist of an introductory
file (the volume directory, which defines the .1091031 and physical
construction of the volume), the set of data files, and finally, a
terminating file (the null volume directory)-. This null wvolume
directory is only present after the last logical volume of a volume
set.

Within the volume directory file, the first record is a
volume descriptor record. ‘This is followed by one file pointer
record, for EACH data file within the logical volume, which is used
to define the logical construction of that data file. This is
optionally followed by a text record, which serves only as a
descriptive record stored in alphanumeric form.

Within each data file, the first record is a file descriptor
record containing detailed information on how to interpret the
contents of its constituent records. In addition, each file has
associated with it a file class, to identify the broad category to
which the data belongs.

Finally, within each data record, the first six fields (twelve
bytes) are normally used to specify that record’s sequence number
within the file, some record type coding information, and the length
of the record.

It is therefore possible for two agencies to record Landsat ™
imagery in records of different lengths, storing, for example, the
scan line number in quite different locations. Since the file classes
and record type codes are uniquely maintained by the LGSOWG CCB, it
is possible to generate software which is' driven '~ by these two
parameters alone to select the desired information from the records
in the data files.

A.3 SUPERSTRUCTURE RECORDS

There are only four superstructure records required to specify
any standard family format. They are briefly described in the
following four subsections, paying particular attention to the fields
which are required to interpret the data files included within the

volume. The precise location, format and content of these fields are
given in Figure 7, and may represent all the information
required by some users to interpret their tapes.

All superstructure records start with the: record
introductory information, consisting of record sequence number,

record type and record length, stored in binary. All other fields are
stored in ASCII, and are multiples of two bytes.

A.3.1 VOLUME DESCRIPTOR RECORD

The volume descriptor record contains all the information which
applies to the logical volume as a whole, such as data source
information, physical volume identification, and the physical
relationship of the logical volume to other logical volumes within
the tape or tape set. of equal importance, is the specification of
the number of file pointer records (and hence, of data files), and
the number of text records. The contents of the volume descriptor
record are explained in 'detail in Table A.3.1.
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The last file following the last logical volume within a volume set
is the null volume directory file, consisting of one record only, the
null volume descriptor record. 1Its purpose is two-fold: firstly, it
marks the end of the volume set, and secondly it facilitates the
addition of data to a tape which already contains data. In the
latter case, the null volume directory file would be converted to a
volume directory file by overwriting the null volume descriptor
record with a volume descriptor record and appending the
appropriate file pointer records.

A.3.2 FILE POINTER RECORD

There is one file pointer record for each of the data files on the
tape, and it supplies the number and name of the associated data
file, the maximum record length and an indication of the  content of
the file in terms of the type and format of the data. (The use
of file pointer records therefore gives the user sufficient
information to skip files, if desired). The contents of the file
pointer record are explained in detail in Table A.3.2.

A.3.3 TEXT RECORD

The text record is simply an extra record stored in the volume
directory file to provide any type of information in human readable
form. ESA-EPO uses the text record to specify the product type
and processing performed, the location, date and time of product
creation, the specific scene identification and the physical tape
identification. It is therefore a convenient means of confirming
that the correct CCT is being processed. An example of its contents
is provided in Figure 8.

A.3.4 FILE DESCRIPTOR RECORD

The file descriptor record is separated into two segments, a
fixed segment and a variable segment. The format of the first
segment, as its name implies, is predetermined and it contains the
file number and name, and specifies the format and location within
each data record of the record introductory information, namely, the
sequence number, type code and record length. The contents of
the fixed segment of the file descriptor record are explained in
detail in Table A.3.4. '

The format of the variable segment is unique to each individual
file class, but several general rules are usually followed. For
example, the number and 1length of up to three different record
types may be specified. "Locators", giving the precise location
and format of data considered to be important, are widely used. In
addition, for files containing imagery data, valuable information
concerning, for example, how pixels are packed within bytes, and the
exact location of imagery data within the record, are also
specified. -

It is these last two components, namely, the field 1locators and
the detailed Pixel location specifications, which provide so much
of the flexibility for proceéssing similar data products from other
sources.
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TABLE A.1l

LANDSAT TM RECORD TYPE .CODES

BYTE 7
OCTAL

BYTE 8* DESCRIPTION

OCTAL

Volume Descriptor

Null Volume Descriptor

File Pointer

File Descriptor

Text Record

Scene Header

Ancillary (Map Projection)
Ancillary (Radiometric Calibration)
Interval Header ’

TM HouseKeeping Ancillary
Ephemeris. and Attitude Ancillary
Raw Jitter Measurements Ancillary
Imagery

Trailer

* Byte 8 takes the value 011(8) for record constructions
defined by the LTWG,
constructions defined by CCRS. The default value for byte
8 is 022(8). .

or

value 044(8) for record
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TABLE A.2

STRUCTURE OF A LANDSAT SYSTEM CORRECTED CCT PRODUCT
(QUARTER FRAME BSQ)

IMAGERY VOLUME DIRECTORY FILE

VOL. DES. REC. 360
= FILE POINT. REC. LEADER FILE 360
7 TIMES = FILE POINT. REC. IMAGERY FILE 360
= FILE POINT. REC. TRAILER FILE 360
TEXT REC. 360
= LEADER FILE
= FILE DESCRIPTOR REC. 4320
= SCENE HEADER REC. 4320
= MAP PROJECTION ANCILLARY REC. 4320
= RADIOMETRIC ANCILLARY REC. 4320
7 TIMES = IMAGERY FILE
= FILE DESCRIPTOR REC. 3600
= IMAGE REC. 3600
= TRAILER FILE
= FILE DESCRIPTOR REC 4320
= TRAILER REC. 4320
SUPPLEMENTAL VOLUME DIRECTORY FILE
VOL. DES. REC. 360
FILE POINTER REC. SUPPL. FILE 360
TEXT REC. 360
SUPPLEMENTAL FILE
FILE DESCRIPTOR REC. 540
INTERVAL HEADER REC. 1800
one or more TM HOUSEK. DATA ANCIL. REC. 2880
one or more EPHEM. AND ATT. ANCIL. REC. 4680
one or more RAW JITTER MEASUR. ANCIL. REC. 6300
CALIBRATION VOLUME DESCRIPTOR FILE
VOL. DES. REC. 360
FILE POINTER REC. CAL. FILE 360
TEXT REC. 360
CALIBRATION FILE
FILE DESCRIPTOR REC. 6090
CALIBRATION DATA REC. 6090

NULL VOLUME DESCR. REC. 360
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TABLE A.3.1
VOLUME DESCRIPTOR RECORD - DETAILED EXPLANATION

Fields 1 to 6 are binary encoded fields. All other fields are in .
ASCII. Alphanumeric character strings are left-justified and numeric
character strings are right-justified. Any fields not used are filled
with ASCII blanks. Numbers which do not f£ill the field should be
padded with leading blanks.

FIELD EXPLANATION

1 A binary number containing the sequence number of this
record within the file.

2 The first record sub-type code for the volume
descriptor record is 300(8).

3 The record type code for superstructure records is
300(8).

4 ‘The second record sub-type code for the volume

descriptor record is 022(8). For the null
volumedescriptor record, it is 077(8).

S The third record sub-type code for all superstructure
records is 022(8). '

6 This field contains a binary number giving the length
’ of this record in bytes.

7 The ASCII/EBCDIC flag indicates if the alphanumeric
information in the Volume Directory File is in ASCII
or EBCDIC. For the Landsat TM format, ASCII only will
be wused, so this field will contain AS$S, where §

denotes an ASCII blank (i.e. 040(8)). Unless
otherwise specified, $ represents a blank character.

8 Two blanks.

9 12 characters giving the Superstructure Format Control

Document identifying number

10 2 characters indicating the revision number or letter
of the Superstructure Format Control Document. Coded
$C, for the original draft

11 2 characters indicating the revision 1letter of the
Superstructure Record formats. Coded S$A for the
original draft . This code updates one letter
character, alphabetically, each time there is a change
to the format of a Superstucture Record (as opposed to
a change to the control document which may not have
been a change in the actual record format). The 26th
revision isécoded AA, the 27th AB, and so on.

12 12 characters identifying the software version used to
write this Logical ~volume.
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First 16 characters ( of 32 ) written or printed
externally on the Physical Volume and used to uniquely
reference a particular CCT. Also called the Tape
Identifier. This part refers to input data
characteristics

M=mission (‘L’ for Landsat)

N=Mission Number (’4‘ or ‘5’ for L-D or L-D’ )

S=Sensor type (‘T’ for TM )

YYDDD = year and day of acquisition

PPPRRR = Path and Row in WRS

AA = Acquisition Station Identifier

Second 16 characters which identify the CCTs.

These refer to output CCTs characteristics.

AA = Processing Station Identifier ’

Q = quadrant number, where. quadrant 1 contains the
upper right quarter, quadrant 2 contains the upper
left quarter, quadrant 3 contains the lower left
quarter and quadrant 4 contains the lower right
quarter of the full scene.X=0 for a full scene
YYDDDHHMMSS = Year,Day,Hour,Minuts,Seconds when

the CCT has been generated.

N CCT Sequence Number

n Number of CCTs Generated for current product

A second 16 character field for identifying the Volume
Set. The volume set identifier is composed of the
satellite identification, and sensor description,
LANDSATSTMSS$S$SSS

An integer which indicates the total number of
Physical Volumes in a Volume Set. A blank field
indicates that the information was not available at
the time the Logical Volume was recorded.

This indicates the sequence number of the Physical
Volume within a Volume Set, which contains the 1lst
record of the Logical Volume. For this format, this
will always be 1. (2 characters)

This field indicates the sequence number of the last
Physical Volume of a Volume Set. It should be coded

blank if unknown at the time of recording. If the
Logical Volume is contained on one Physical Volume,
this field will have the same value as field 17. (2
characters)

This is the sequence number within the Volume Set of
the Physical Volume that contains this Volume
Directory File. 1If a Logical Volume is contained on
one Physical Volume, then this value is the same as
that for field 17. The value in this field must lie
within the values for fields 17 and 18, inclusively.
(e.g., if field 17 has a 1 and field 18 has a 3, then
the value 'in field 19 can be 1,2 or 3, only). (2
characters)
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This field gives the file number within the Logical
Volume which follows this -Volume Directory. If this
is not the first Volume Directory of a Logical Volume,
then this value may be greater than one. Volume
Directory Files are not included in the file sequence
number count. (4 characters)

This indicates the sequence number of the present
Logical Volume within a Volume Set. The Null Volume
directory is included in this count. The first
logical volume is denoted as 1.

This is the sequence number of the present Logical
Volume within a Physical Volume.

8 characters for the date the Logical Volume was
recorded. The code is of. the form: <YYYYMMDD>, where
YYYY is year, MM is month, and DD is day (e.g.
19830622 is June 22, 1983)

8 characters for the time when the Logical Volume was
recorded. The code is of the form: <HHMMSSXX>, where
HH is hours, MM is minutes, SS is seconds, and XX |is
hundredths of seconds

12 characters for the name of the country generating
this Logical Volume

8 characters for the laboratory or centre generating
this Logical Volume.

12 characters identifying the computer facility on
which the Logical Volume was recorded

The number of File Pointer Records in this Directory
File. This gives the number of data files in the
Logical Volume, (4 characters)

Total number of records in this Volume Directory.
This will be the number of File Pointer Records plus
one ( for this record ) plus the number of Text
Records. (4 characters)

92 bytes reserved by LGSOWG CCB for future revisions
of this record format.

100 bytes available for local use. This format does
not use this field, so it is filled with blanks.
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TABLE A.3.2
FILE POINTER RECORD - DETAILED EXPLANATION

Fields 1 to 6 are binary encoded fields. All other fields are in
ASCII. Alphanumeric character strings are left-justified and numeric
character strings are right-justified. Any fields not used are filled
with blanks. Numbers which do not fill the field should be padded
with leading blanks. The File Pointer Record occupies 360 bytes.

FIELD EXPLANATION

1 A binary number containing the sequence number of this
record within the file. This number will be between 2
and the number specified in field 29 of the Volume
Descriptor Record. )

2 The first record sub-type code for file pointer
records is 333(8).

3 The record type code for superstructure records is
300(8).

4 The second record sub-type code for file pointer
records is 022(8).

5 The third record sub-type code for all superstructure
records is 022(8). .

6 ' This field contains a binary number giving the length
of this record in bytes. This value is 360 for this
record.

7 . The ASCII/EBCDIC flag indicates if the alphanumeric

information in the referenced file is in ASCII or
EBCDIC. For the AVHRR format, ASCII only will be
used, so this field will contain AS.

8 Two blanks.

9 Sequence number within the Logical Volume of the file
referenced by this pointer. This is also the sequence
number of the File Pointer Record within the Volume
Directory. The first file following the first Volume
Directory (2nd file of the Logical Volume) is file
number 1. (4 characters)

10 A 16 character name which is the unique identification
provided when the volume directory is created in order
to specify the file referenced by this pointer.

11 This is a 28 character description of the class to
which the referenced file belongs. The class of a
file is based on the nature of its content.

12 The 4-byte code for the class described in field 11.

13 This 28-character field indicates the data type
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contained in the referenced file.

The 4-byte code for the data type described in field
13.

This 8 character field indicates the number of records
in the referenced file. If this number is not known
at the creation time, then this field is blank.

8 characters for the length, in bytes, of the File
Descriptor Record in the referenced file. A blank
field indicates that the information was not available
at the time the Logical Volume was recorded.

8 character field for the length, in bytes, of the
longest record in the referenced file other than the
File Descriptor Record.

12 characters for the record length type. For this
format, fixed length records are used, so this field
will contain ‘FIXED LENGTH’. The record length is
given in field 17.

4-byte code for the record length type in field 18.
For this format, this is ‘FIXD’.

2 characters for the Physical Volume sequence number
which contains the first record of the referenced
file. May be left blank if information unknown at
time of recording.

2 characters for the Physical Volume sequence number
which contains the last record of the referenced file.
May be left blank if information unknown at time of
recording.

When a portion of the referenced file is on the
PREVIOUS Physical Volume, this 8 character number is
the record number of the first record of the
referenced file to be recorded on THIS Physical
Volume. In all other conditions, this number is 1.
This, and the following field, are the only fields in
a File Pointer Record to be changed on a repeated
Volume Directory and are only changed in the File
Pointer Record that refers to the split file.

When a portion of the referenced file is on the NEXT
physical volume, this 8 character number is the record
number of the last record of the referenced file to be
recorded on THIS phyiscal volume.

108 bytes reserved for subsequent revisions. This is
reserved by the LGSOWG-CCB.

100 bytes available for local use. This format does
not use this field.
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TABLE A.3.3

TEXT RECORD - IMAGERY VOLUME - EXPLANATION

EXPLANATION

The first six fields are defined by the LGSOWG
standard format.

The ASCII/EBCDIC flag indicates if the alphanumeric
data of this record is ASCII or EBCDIC.

This field contains two blanks unless the information
of this record is continued on a following record, in
which case, the field is coded CS. :

The scene identification is made up in the following
way: <MDDDDHHMMSS >

where:

DDDD=Day number since launch

HHMMSS=Hours , minutes and seconds GMT at which the
centre point was imaged.

HDT Generation date, where
YY = Last two digits of year (01-99)
DDD = Day of year (001-366)
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TABLE A.3.4
FILE DESCRIPTOR RECORD - DETAILED EXPLANATION

Fields 1 to 6 are binary encoded fields. All other fields are in
ASCII. Alphanumeric character strings are left-justified and numeric
character strings are right-justified. Any fields not used are filled
with blanks. Numbers which do not £fill the field are padded with
leading blanks. .

-

FIELD EXPLANATION

1 A binary number containing the record number of this
record within the file. For the File Descriptor
Record, this number is always 1.

2 The first record sub-type code for file descriptor
records is 077(8).

3 The record type code for superstructure records is
300(8).

4 The second record sub-type code for file descriptor

records is 022(8).

5 TThe third record sub-type code for all superstructure
records is 022(8). '

6 ' This field contains a binary number giving the length
of this record in bytes.

7 The ASCII/EBCDIC flag indicates if the alphanumeric
information in the Referenced File is in ASCII or
EBCDIC. For the Landsat TM format, ASCII only will be
used, so this field will contain AS.

8 Two blanks.

9 12 characters containing the number for the document
that controls this file format.

10 2-bytes giving the revision number of the control
document defining the current file format.

11 2-bytes giving the revision letter of the file format
(as opposed to revisions which affect the control
document without affecting the file format).

12 12 characters identifying the software version used to
write this file.

13 4-byte sequenée number of this file within the Logical
Volume, excluding the volume directory.

14 This is the unique 16 character identification of the
present file as stated in field 10 of the File Pointer
Record of the Volume Directory File.
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This 4-byte field indicates if the other records in
the file have sequence numbers.

These eight bytes give the location of the start of
the sequence number field. They give the record byte
number of the first byte of the field.

Four bytes indicating the length, in bytes, of the
record sequence number field.

4-byte flag to indicate if the other records in the
file have a record type code, and if the location of
the code is fixed or variable.

These eight bytes give the location of the start of
the record type code field. They give the.record byte
number of the first byte of the field.

Four bytes, indicating the length, in bytes, of the
record type code field

4-byte flag to indicate if the other records in the
file contain their record lengths.

These eight bytes give the location of the start of
the record 1length field. They give the record byte
number of the first byte of the field.

Four bytes, indicating the length, in bytes, of the
record length field.

64 bytes for future expansion. Reserved by the
LGSOWG-CCB.

File descriptor variable segment (see Tables 3.2.1.3,
3.3.1.2 and 3.4.1.2).
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Enhanced Thematic Mapper Plus (Landsat 7)

Up'dﬁle

Recard | Distribution | Attributes | Coverage | Personnel Record

brief  distribution attributes coverage personnel  full update

Summary
2002-01-07

Abstract:

This data set is a raster file containing global information for
bands 1 through 8 for Landsat 7 Enhanced Thematic Mapper Plus
(Landsat 7 ETM+).

Purpose:

The mission of the Landsat-7 satellite is to provide a vehicle for
continuing the flow of global change information to users worldwide.
The Landsat-7 satellite fulfills its mission by providing
repetitive, synoptic coverage of continental surfaces and by
collecting data in spectral bands that include the visible,
near-infrared, shortwave, and thermal infrared portions of

the electromagnetic spectrum. Landsat-7 mission objectives

include:

1) Maintaining Landsat data continuity by providing data that are
consistent in terms of data acquisition, geometry, spatial resolution,
calibration, coverage characteristics, and spectral characteristics
with previous Landsat data.

2) Generating and periodically refreshing
a global archive of substantially cloud-free, Sun-lit, land-mass
imagery.

3) Continuing to make remote sensing satellite data available to
domestic and international users and expanding the use of such data
for global change research in both the Government and private
commercial sectors.

4) Promoting interdisciplinary research via synergism with other
EOS observations, specifically, orbiting in tandem with the
EOS Terra satellite for near coincident observations.

Supplemental_Information:

The Landsat-7 system is another step in the development and
application of remotely sensed satellite data for use in

managing the Earth's land resources. As with earlier Landsat

systems, the Landsat-7 platform, along with its enhanced thematic
mapping sensor, provides for new capabilities in the remote sensing of
Earth's land surface. Landsat-7 data are collected from a nominal
altitude of 705 kilometers in a near-polar, near-circular, Sun-synchronous
orbit at an inclination of 98.2 degrees, imaging the same 183-km

swath of Earth's surface every 16 days. Some of the browse images

you encounter may appear black or empty. These are engineering

data known as Full Aperture Calibrator (FAC) data. The FAC is a

white painted panel that is deployed in front of the ETM+ aperture

and diffusely reflects solar radiation into the full aperture

of the instrument. The FAC scenes are typically gathered on a

monthly basis and constitute roughly 5 to 7 scenes for each FAC
collected.

Eventually these engineering data will be gleaned out of

the database. Depending on the time of year, the solar azimuth
angle with respect to the volocity vector of the ETM+ sensor,

http://gemd.gsfc.nasa.gov/serviets/md/getdif.py?entry id=LANDSAT_ETM_PLUS&... 23/05/2002
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varies from 23 degrees to 37 degrees. This is the only area where FAC
data will be collected. Further, in-depth information can be found
at the following site: http://landsat.gsfc.nasa.gov/

Landsat-7 Level-0 and Level-1 Data Sets Document
http://eosims.cr.usqgs.qov:5725/DATASET DOCS/landsat7 dataset.html

National Land Archive Production System (NLAPS) Systematic
Format Description Document http://edc.usqgs.gov/customer . html
Level 1 Procduct Output Files Data Format Control Book
http://edc.usgs.gov/17dhf/L7MMO/document . htm

Data Set Credit:

The Landsat Program, as defined by Congress in 1992 and

amended by Presidential Decision Directive/NSTC-3 in May 1994, is

managed cooperatively by the National Aeronautics and Space
Administration (NASA), and the USGS. Responsibility for construction

of the spacecraft and instrument lies with NASA. The Landsat

Program is part of NASA's Earth Observing System global change initiative
administered by NASA's Earth Science Enterprise. Data processing,
archiving, and distribution are performed by the USGS. The primary ground
station, the data handling facility and archive are located at the

USGS EROS Data Center in Sioux Falls, SD. NASA managed flight

operations from the control center at the Goddard Space Flight Center until
October 1, 2000, at which time responsibility for flight operations
transfered to the USGS. The ground system is able to distribute raw ETM+
data within 24 hours of its reception at the EROS Data Center. These
functions are executed in coordination with the EDC Distributed Active
Archive Center (EDC DAAC) of NASA's Earth Observing System Data and
Information System.

Dataset_Creator: U.S. Geological Survey

Dataset_Title: Enhanced Thematic Mapper Plus (Landsat 7)
Dataset_Release_Place: Sioux Falls, South Dakota, USA
Dataset_Publisher: U.S. Geological Survey
Data_Presentation_Form: Remote-sensing image
Online_Resource: http://edc.usgs.gov

Temporal Coverage

Start Date: 1999-04-15

aphic Coverage
Southernmost Latitude: 82.0S !
Westernmost Longitude: 180.0W !

Northernmost Latitude: 82.0N
Easternmost Longitude: 180.0E

Location Kevwords
AFRICA
AUSTRALIA

LAND SURFACE
GLOBAL
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EUROPE
GREENLAND
NORTH AMERICA
SOUTH AMERICA
ANTARCTICA
ASIA

EARTH SCIENCE > LAND SURFACE > LAND USE/LAND COVER > LAND USE
CLASSES®

EARTH SCIENCE > RADIANCE OR IMAGERY > VISIBLE WAVELENGTHS > VISIBLE
IMAGERY®

EARTH SCIENCE > RADIANCE OR IMAGERY > INFRARED WAVELENGTHS >
BRIGHTNESS TEMPERATURE®

EARTH SCIENCE > LAND SURFACE > LANDSCAPE > LANDSCAPE PATTERN®
EARTH SCIENCE > LAND SURFACE > SURFACE RADIATIVE PROPERTIES >
REFLECTANCE®

EARTH SCIENCE > LAND SURFACE > TOPOGRAPHY > LANDFORMS©®

EARTH SCIENCE > RADIANCE OR IMAGERY > SENSOR CHARACTERISTICS >
ULTRAVIOLET SENSOR TEMPERATURE®

EARTH SCIENCE > RADIANCE OR IMAGERY > INFRARED WAVELENGTHS >
INFRARED IMAGERY ©

Source

LANDSAT-70

ETM+ > Enhanced Thematic Mapper Plus®

Attribute_Accuracy:

Attribute_Accuracy_ Report:
A panchromatic band 8 was added with a resolution of 15 meters. Band 6
now has high gain and low gain bands. Three on-board calibrators (two
solar, one internal) provide an absolute accuracy of 5 percent>
excluding band 6.

Logical_Consistency_Report:

Landsat-7 data are collected from a nominal altitude of 705

kilometers in a near-polar, near-circular, Sun-synchronous orbit at an
inclination of 98.2 degrees, imaging the same 183-km swath of the
Barth's surface every 16 days. The pixels representing the bands for
the image are in the data set only once.

Positional_Accuracy:

Horizontal_Positional_Accuracy:

Horizontal Positional_Accuracy_Report:

The Landsat ETM+ sensor is a nadir-viewing, eight-band, multispectral
scanning radiometer that detects spectrally filtered radiation from
several portions of the electromagnetic spectrum while orbiting Earth
from an altitude of 705 kilometers. Nominal ground sample distances or
pixel sizes include 30 meters each for the six visible, near-infrared,

http://gemd.gsfc.nasa.gov/serviets/md/getdif.py?entry_id=LANDSAT_ETM_PLUS&... 23/05/2002
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and shortwave infrared bands, 60 meters for the thermal infrared band,
and 15 meters for the panchromatic band. The ETM+ sensor is designed to
produce approximately 3.8 gigabits of data for each Landsat

scene and operates from a 3-axis, stabilized satellite

platform. Energy reflected from the Earth's surface passes through
several ETM+ subsystems before being collected by the solid-state
detectors at the focal plane. Landsat ETM+ Wavelength (micrometers)
Band 1 0.45-0.52, Band 2 0.53-0.61, Band 3 0.63-0.69, Band 4

0.78-0.90, Band § 1.55-1.75, Band 6 10.40-12.50, Band 7 2.09-2.35,

and Band 8 .52-.90.

Process_Description:

Data collected by the ETM+ sensor flown aboard the Landsat-7 satellite
are in a raw format, meaning that radiometric and geometric
corrections have not yet been applied to the data. Data collected in
the raw format are level-0 data and egquate to a Landsat-7 level-OR
product. When a Landsat-7 level-OR product is radiometrically
corrected, it is referred to as a level-1R product. Radiometric
correction is performed either by using gains computed on the fly by
the internal calibrator or by using gains available in the calibration
parameter file. When a Landsat-7 level-OR product is both
radiometrically and geometrically (systematically) corrected, it is
referred to as a level-1G product. Correction algorithms model the
spacecraft and the sensor, using data generated by onboard computers
during imaging events. A level-1G product is a geometrically rectified
product that is free from distortions related to the satellite
platform, the sensor, and global Earth characteristics. Distortions
due to Earth's terrain are still present.

Access Constraints

There are no restrictions to this data set.

Use Constraints

There are no restrictions as to the use of data sold by the

U.S. Geological Survey (USGS). We ask that the Earth Resources
Observation Systems (EROS) Data Center (EDC) be identified as the source
if data are used in a publication. The Enhanced Thematic Mapper Plus
(ETM+) systematic data are distributed to all customers. Precision

and terrain corrected preocducts are limited to approved research users.

Discipline

EARTH SCIENCE

LANDSAT ETM_PLUS

Data Scet Prooress
IN WORK

Originating Center

USGS/EROS

http://gcmd.gsfc.nasa.gov/serviets/md/getdif.py?entry id=LANDSAT ETM PLUS&... 23/05/2002
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Data Center

Data Center Name: USGS/EROS > Earth Resources Observation Systems Data Center, U.S.
Geological Survey®

Data Center URL: http://edc.usgs.gov/

Name: EROS DATA CENTER

Phone: 605-594-6151

Fax: 605-594-6589

Email: custserv@usgs.gov
Address:

Customer Services

U.S. Geological Survey

EROS Data Center

47914 252nd Street

Sioux Falls, SD 57198-0001
USA

Distribution

Distribution_Media: On-line (FTP)
Fees: $600 U.S. Dollars

Distribution_Media: 8mm Tape
Distribution_Format: HDF
Fees: $600 USD for Level 1G

Distribution_Media: 8mm Tape
Distribution_Format: HDF
Fees: $475 USD for Level OR

Distribution_Media: CD-ROM
Distribution_Format: HDF
Fees: $600 USD for Level 1G

Distribution_Media: CD-ROM
Distribution_Format: HDF
Fees: $475 USD for Level OR

Name: INFORMATION SCIENTIST EROS DATA CENTER |

Role: DIF AUTHOR ’
Phone: 605-594-6594 <
|
|

Fax: 605-594-6953

Email: meta@usgs.gov |
Address: !

Information Services Department
EROS Data Center

U.S8. Geological Survey

Sioux Falls, SD 57198-0001

http://gcmd.gsfc.nasa.gov/servlets/md/getdif.py?entry_id=LANDSAT_ETM_PLUS&... 23/05/2002
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R

Related URL

URL: http://earthexplorer.usgs.gov
Description: Dataset searching and ordering capabilities are available through EarthExplorer at the

above URL.

Reference

Creation and Review Dates
DIF Creation Date: 1999-09-10
Future DIF Review Date: 2002-01-01

home - search for data -
first time here -+« what's new -

Responsible NASA Official: Lola Olsen, olsen@gcmd.nasa.gov
Contact GCMD User Support for assistance.

View GCMD's privacy statement

describe your data
user connection - direclory resources

site search -
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