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MANUAL ON CHARACTERISTICS OF LANDSAT COMPUTER-COMPATIBLE
TAPES PRODUCED BY THE EROS DATA CENTER DIGITAL IMAGE PROCESSING SYSTEM

COMPILED BY PATRICK F. HOLKENBRINK!

- INTRODUCTION

Landsat data are received by National
Aeronautics and Space Administration (NASA)
tracking stations and converted into digital
form on high-density tapes (HDTs) by the
Image Processing Facility (IPF) at the Goddard
Space Flight Center (GSFC), Greenbelt, Mary-
land. The HDTs are shipped to the EROS Data
Center (EDC) where they ,are converted into
customer products by the EROS Data Center
digital image processing system (EDIPS). This
document describes in detail one of these
products: the computer-compatible tape (CCT)
produced from Landsat-1, -2, and -3 multispec-
tral ‘'scanner (MSS) data and Landsat-3 only
return-beam vidicon (RBV) data. Landsat-1
and -2 RBV data will not be processed by
IPF/EDIPS to CCT format.

DATA CHARACTERISTICS
SPACECRAFT SENSORS

The image data received and processed by
IPF and EDIPS are scanned, or imaged, by the
sensors onboard the Landsat spacecraft. Each
spacecraft carries two sensor systems: a re-
turn-beam vidicon (RBV) camera system and a
multispectral scanner (MSS) system. A more
detailed description of these sensors is given in
Section P of the Landsat Data Users Hand-
book, Revised.

l'1'echnic:olor Graphic Services, Inc. Prepared for the
United States Geological Survey under contract no.
14-08-0001-16439.

RBV CAMERA SYSTEM

On Landsat-3, the RBV system consists of
two independent cameras. The ground-area
image is stored on the photosensitive surface
of the camera tube, which after shuttering, is
scanned to produce a video signal output. The
shuttered panchromatic cameras produce two
side-by-side images rather than three images
of the same area as produced by the three
independent narrow-band cameras on Land-
sat-l and -2. Each camera covers an area
99 x 99 km with an instantaneous field of
view of about 19 meters. Each RBV image is
referred to as a subscene; the four subscenes
that comprise a Landsat scene are labeled A,
B, C, and D (fig. 1). The four RBV images
approximately coincide with one MSS frame.
Figure 2 shows a fully processed RBV sub-
scene with 81 reseau marks (nine rows of nine)
on the tube surface.

MULTISPECTRAL SCANNER SYSTEM

The multispectral scanner (MSS) is a
line-scanning device that uses an oscillating
mirror to continuously scan perpendicular to
the spacecraft’s orbital path. The MSS’s on
Landsat-1 and -2 have six detectors in each of
four spectral bands, operating in the spectral
interval from 0.5 to 1.1 micrometers. These
detectors provide outputs that are sampled,
digitized, and transmitted to Earth as a contin-
uous strip of image data for each mirror sweep.
At GSFC, all data received are reprocessed,
framed as individual scenes, and encoded on
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HDTs. Figure 3 shows a fully processed MSS
scene.
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SCAN LINES

Each image is made up of parallel scan lines
that contain a large number of picture elements
(pixels). For the MSS, the actual number of
these pixels depends on mirror motion and other
factors. The greatest deviation for Landsat-1
and -2 is * seven pixels. The relationship be-
tween these pixels and the corresponding ground
area is discussed in Appendix F. The distance
covered by a scan line varies with the altitude.
Experience has shown that the variations have
resulted in scan line changes of approximately
+ 4 km in the worst case. For RBV, the number
of pixels in each scan line is electronically fixed.

Figure 1.-Format of a fully processed Landsat-3
RBV scene, showing the locations of subscenes
A,B,C,and D.

On Landsat-3, a fifth spectral band operates,
using only two detectors, in the thermal-infra-
red region of 10.4 to 12.6 micrometers. Thus,
spatial resolution of this band is less than the
other four. Because of the reduced sampling
rate of -the thermal band, as compared with
the other four bands, its pixels must be repli-
cated in the unprocessed image array for three
across and for three scan lines by the GSFC
data processing facility. Figure 4 shows the
relationship that allows all bands to have the
same number of pixels. This expanded image
array is resampled and corrected to produce
the standard thermal image. Thus, the repli-
cation pattern is not discernable in a fully pro-
cessed scene.
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|4 5322 SCAN LINE§ ————»

e :
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ENLARGEMENT
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40 PIXELS=————eeee MARK

NOTE: Size of reseau marks is approxi on fully pr

ges as they
are affected by resampiing.

Figure 2.~Square data array of fully processed RBV
imagery.
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Figure 3.-Rectangular data array of fully processed
MSS imagery.

DIRECTION OF SCAN

The scan mirror, or electron beam, oper-
ates in a scan-and-retrace cycle. The active
scan is normal and right-to-left with respect
to the satellite direction. The full cycle nor-
mally produces a 185 km sweep for MSS and
a 99 km sweep for each RBV subscene. Fig-
ure 5 shows the composite scan pattern of
the MSS.

BRIGHTNESS VALUES

Each pixel is encoded in a byte. Each byte
is composed of eight binary digits (bits),
which are arranged to represent differing
brightness values as binary numbers. As there
are eight binary bits (each of which may be on
or off), 256 values may be represented in each
byte. However, not all of these values are
possible. The satellite has two modes of trans-
mission: linear and compressed. Bytes 3592
through 3596 of the header record identifies
the transmission mode for each band.

Linear-transmission mode allows each pixel

Figure 4.-Band 8 partially processed data replication.

LINE 1
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LINE 4
LINE S
LINE§
LINE 1
LINE 2
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LINE 4
LINE §
LINE6

DIRECTION OF
FUGHT

Figure 5.-Ground-scan
tectors.

pattern for three MSS de-
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to have a brightness-value range of 0 to 63. -
RBV and MSS band 7 and band 8 data are
transmitted in linear mode.

Compressed-transmission mode allows each
pixel to have a brightness-value range of
0 to 127. MSS bands 4 through 6 are trans-
mitted in compressed mode. These data are
compressed to improve the signal-to-noise
ratios. By compressing the high brightness-
value signals, the quantization noise more
nearly matches photomultiplier noise.

All data are received as six bit binary num-
bers (dynamic range of 0 to 63). However,
processing at GSFC decompresses all data
received in compressed transmission mode
(see Appendix E). This processing expands
the range of data to a dynamic range of O to
127 for decompressed data while linear data
remains at a brightness range of 0 to 63.

All image data bytes on a CCT have seven
bits of information:

ofx|x|x|x|x|x|x
765 4.3.2 150 5 -

In either mode, valid data are in bits O to 6
of each image byte. If the transmission mode
is linear, there is an implied binary point
between bits 0 and 1 as shown by the A in
the drawing. This allows the user the option
of using the additional radiance fraction
which becomes available at GSFC during the
processing of the data. The user can decide
whether the digital byte is interpreted as
holding maximum value of 127 or 63.5 If
the mode is compressed, the pixel brightness
level has a range of 0 to 127 and occupies
bits O to 6 with no binary point implied. If
the user simply interprets each pixel byte
as an integer, all bands automatically register
to the same brightness scale.

DIRECTION OF FLIGHT
The spacecraft is in a near-polar orbit, which

allows two periods of imaging. When the space-
craft travels north to south, it is in descending

mode. Conversely, the ascending mode is a
south to north direction. The transition points
near the poles are not fixed terrestrial loca-
tions, but describe circles at approximately 82°
N. and S. latitudes. -, g

The spacecraft’s orbital progress produces
the along-track scan pattern, when combined
with the scan-and-retrace cycle, provides com-
plete coverage of the full image area.

DEFINITION OF A SCENE

An MSS scene is an imaged ground area
normally 185km (cross-track) by 170 km
(spacecraft direction) imaged by one, four, or
five spectral bands. On Landsat-3, an RBV
scene is detected by two panchromatic
cameras with no spectral separation. Each
RBV scene, normally 183 km by 181 km, is a
composition of four RBV subscenes, with .
each subscene 99 km by 99 km.

UNCORRECTED AND CORRECTED DATA

CCT data can be requested as four separate
products:

CCT-AM: partially processed MSS data
- (without geometric corrections applied).

CCT-PM : fully processed MSS data
(with geometric corrections applied and
resampled to a map projection).

- CCT-AR : partially processed RBV data
(without geometric corrections applied).

CCT-PR : fully processed RBV data
(with geometric corrections applied and
resampled to a map projection).

All four CCT products have been radiometrical-
ly corrected as discussed in Appendixes C and
D.

A partially processed image is defined as one
for which the correction data are provided as
ancillary information, but which are not ap-
plied to the video data. An uncorrected scene
has the systematic corrections and resampling
transformations to two projections in the ancil-
lary records on the CCT-AM for MSS and the
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CCT-AR for RBV.

A fully processed CCT scene has systematic
and geometric corrections applied and the data
resampled to a specified projection. Such a
scene is recorded on a CCT-PM (for MSS data)
or CCT-PR (for RBV data).

Some of the systematic corrections include:

band-to-band offsets

line lengths

earth rotation (skew)
detector-to-detector sampling delay

A discussion of each of these major corrections

is given in Appendix B. The other systematic
corrections (pitch, yaw, altitude, use of ground
control points, and so forth) are discussed in
the Landsat Data Users Handbook. The exact
method available to users to perform the geo-
metric transformation contained in the ancil-
lary information is given in Appendix A.

The differences between fully processed and
partially processed image arrays are shown in
figures 6 and 7. In addition, it should be
noted that the actual image data are spatially
corrected in the fully processed CCT. The
dotted line on the right side of the partially
corrected MSS array (fig. 6) indicates a vary-

ing line length. The correction transformation
is applied in the corrected array and provided
in the ancillary data for an uncorrected array.

PROJECTIONS AND RESAMPLING TECHNIQUES

In the process of geometrically correcting
an image array, four different images can
result because of the combinations of the two
projections and two resampling techniques
available.

Landsat data can be geometrically corrected
to three map projections. The standard projec-
tion is Space Oblique Mercator (SOM). As an
option, the data can be corrected to either
Polar Stereographic (PS) or Universal Trans-
verse Mercator (UTM). If the scene nadir is
between 659 N. latitude and 65° S. latitude
then the scene can be corrected to UTM. If
the spacecraft nadir is outside of these bounds,
then the alternative projection is PS. Ap- -
pendix G provides information about these
projections. -

A CCT-AM or CCT-AR has the annotation

records and transformation coordinates for
both the standard SOM projection and the

e 3240 PIXELS
(NOMINAL)

2400

MSS DATA SCAN
LINES

GEOMETRICALLY UNCORRECTED
INPUT SPACE

3548 PIXELS ooy

SCAN
LINES

GEOMETRICALLY CORRECTED
OUTPUT SPACE

Figure 6.-An MSS scene.
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Pt 5375 PIXE LS et
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ol RBVDATA *
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Figure 7.-An RBV scene.

optional UTM or PS projection. A CCT-PM or
CCT-PR has the image data and annotation
record for the SOM projection or the UTM or
PS projection if requested.

When correcting image data points, either

nearest-neighbor or cubic-convolution resam-

pling techniques can be used to interpolate
the brightness levels of the calculated points.

The nearest-neighbor technique adjusts the
new pixel having the closest relative location
to the new computed pixel location. For
example, given:

s - = - & e

[(qﬂ ](mﬁu

/ (xy) /
(c+le) (c+le+l)

| l

each pixel location is defined as (x,y).

x is line value (vertical position) defined
as c.d where c is integer portion, d is
_fractional portion.

y is column value (horizontal position)

defined as e.f where e is integer portion,
f is fractional portion.

I (xy)=I (c.d,e.N=1 (a,b)

- ¢ ifd<b
i "{c 1id=5

pofel <5
Tlellitt=5

Cubic convolution is the standard resampling
technique performed during the correction pro-
cess. Sixteen input image-pixel-intensity values
are used to compute the intensity value of each
output pixel (fig. 8). The algorithm uses four
input points in the following: :

|,;=d{d[d(|k4-lk3+lkz-lu) "
+(-|k4+|k3-z|k2+zlkl)]
+(lg=l)}
+Ik2 J

y (1)

1] [} ] 1] 1] v_v 5
1=t {d [d (1345 -11)

1 ) ] " 2

+|3-|4-z|2+2|1)] (2)

+(|3’—|1')}+|é ]
Formula (1) is evaluated for each row of four
points. The four input image brightness values
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Ik1, Ix2, Ik3, Ik4 and horizontal distance d
are used to obtain an intermediate interpolated
brightness value Ix. Then these four interme-
diate interpolated values 11, I7, I3, I4 and the
vertical distance d are used in formula (2) to
obtain the final brightness value Iyy.

ENHANCED DATA

EDIPS can provide certain enhancements to
each image. A user may order a CCT product
and specify any one of the following enhance-
ments. The header record of each band indi-
cates which options were performed. En-
hancements can only be provided with fully
processed CCT'’s.

CONTRAST ENHANCEMENT

Landsat data usually occupy a small subset
of the total brightness range. To provide

% hz M [hs 14
]
I
I
I
!
121 122 *li 123 124
IA'
Id
1-—d—>i
| | 113 11 |
i 32113 L 34
|
i
I
l
l41 lag__ 114 [la3 la4
*

e - Input image samples

% - Horizontal interpol\ation points

x — Output image sample r;apped into input image space
11; — Intermediate interpolated intensity value; K=1, 2, 3, 4
lyg — Final interpolated intensity value of pixel at x

Figure 8.-Cubic convolution.

optimal contrast and color variation when
color compositing, a linear contrast stretch
may be performed on the image data.

The contrast-enhancement algorithm is
either an automatic or parametric linear stretch
of minimum-maximum brightness levels de-
fined by:

INPUT-MINIMUM

= = * 127
maximum-minimum

OUTPUT =

where output values less than the lower thresh-
old are set to zero and any values above the
upper threshold are set to 127. The minimum
and maximum values may be obtained by an
algorithm either automatically based on bright-
ness-value distribution or specified by the user
at the time of the order. These values may be
specified in either gray-level values or percents.
If contrast enhancement is performed, the
maximum and minimum values used for each
band or subscene will be given in their respec-
tive trailer records.

ATMOSPHERIC SCATTER COMPENSATION
The algorithm for atmospheric sc Ltter com-
pensation performs a simple bias on ¢ach pixel
value:
OUTPUT = INPUT - BIA

The bias may be specified at the time of the
order to remove the effects of atmospheric
contaminants. If the compensation is per-
formed on the image data, the actual bias value
used is given in the trailer record of each band.

EDGE ENHANCEMENT

Edge enhancement is a technique to “‘sharp-
en’’ the Landsat image by enhancing|the high-
frequency image components. This is done by
exaggerating the difference between the pixel
and the N x M neighborhood (kernel) imme-
diately surrounding it. The kernel size (N, M)
is specified at the time of order with N, M as 1,
3, 5, 7, or 9. The kernel does not have to be
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square or the same for each band or subscene;
but N and M must be odd valued integers. The
local average is computed as follows:

SV(+1,J) : = SV(, J) - T(+1, J) + B(I+1,7J)

SH(I, J+1) = SH(I, J) + SV(, J+N) — SV(1, J)

X1(@1J) = SH(,J) /(N*M), L] = 1,2,3..

where

SV(L J) is the sum of the pixel values inside
the kernel box along the vertical axis.

SH(1, J) is the sum of the SV(I, J) values inside
the kernel box along the horizontal
axis.

T(,J) is the scan line uncovered by advanc-
ing the filter to line L

B(,J) is the scan line covered by advancing
the filter to line I. c

After computing the local average X1(l, J),
the output (enhanced) pixel value Y(I, J) is
given by: '

Y, D) := XA, J) + XA, 7)) - X1d, N

If edge enhancement is performed on the
video data, the kernel size employed is giverrin
the trailer record of each band.

TAPE FORMAT
GENERAL

. The CCT’s produced by EDIPS are classified
by two major data distinctions: sensor type
(MSS or RBV), and whether or not geometric
corrections have been applied to the image
data. Four types of CCT’s result:

CCT-AM: partially processed MSS data
(with  geometric corrections
applied).

fully processed MSS data (with
geometric - corrections applied

and resampled to a map projec-
tion).

partially processed RBV data
(without geometric correcitons
applied).

fully processed RBV data (with
geometric corrections applied

CCT-PM:

CCT-AR:

CCT-PR:

and resampled to a map projec-
tion).

These CCT’s can be produced in either a
band interleaved by line (BIL) or a band se-
quential (BSQ) format and.in either 800 bpi or
1600 bpi densities. RBV data is produced on a
per subscene basis which is equivalent to BSQ
with only one band. While each of these CCT’s
may require varying numbers of records and
tape reels, a general data format that applies to
all CCT’s is shown in figure 9.

' CONVENTIONS

BYTE

A byte is eight bits in length and may con-
tain character or numeric data. The most
significant bit occurs first and is the left-most
bit of the byte.

IMAGE DATA

Image data will be right-justified in a byte
with the most significant bit zero filled. A
binary value of zero is low radiance for RBV
and bands 4 through 7, and “cold” for MSS
band 8 data. Each image datum is a pixel.

RECORD

A record is a collection of data items and is
treated as a logical unit. Tape directory data,
header data, ancillary data, annotation data,
image data, and trailer data occupy separate
sets of records. Records are structured to con-
tain six bytes of identification codes, data, and
a variable number of zero fill bytes (fig. 10)..
The first six bytes are: record number, zero fill
byte, and record type code.

RECORD NUMBER

This is a sequential count of the record
number within a file. Records are numbered
sequentially, starting with one. The number is
coded in binary, with the left-most bit being
the most significant.

ZERO FILL BYTE

This byte is binary-zero filled and used for
data alignment.



TAPE FORMAT

MSS BSQ
FOR A SCENE
OF N BANDS

”

TAPE DIRECTORY

EOF

Pd

MSS BIL
FOR A SCENE
OF N BANDS

P4

"

RBV
FOR ONE
SUBSCENE

TAPE DIRECTORY

TAPE DIRECTORY

EQF

EQF

HEADER

1/
ANCILLARIES™

HEADER

i/
ANCILLARIES

HEADER

1/
* ANCILLARIES

——)

EOF

IMAGE LINES

EOF

TRAILER

EOS

BAND

-~ A

4

1/ Present on CCT's with geometrically uncorrected data oaly.

ANNOTATION ANNOTATION ANNOTATION
SUBSCENE
EOF BAND EOF EOF
1 1
IMAGE LINES IMAGE LINES sc! IMAGE LINES
EOF INTERLEAVED EOF
TRAILER BY LINE TRAILER
EOF EOF EOS
v
HEADER TRAILERS
L/
ANCILLARIES £0S
1
ANNOTATTON SCENE / ~
EOF BAND
2
IMAGE LINES
EOF
TRAILER
EOF
#
HEADER
1/
ANCILLARIES
ANNOTATTON

Figure 9.-Data format of EDIPS CCT’s.

RECORD TYPE CODE

Each record contains one of six types of
information, uniquely identified by the record
type code. The record type codes are binary
numbers with the following octal values:

Tape directory Ollg
Header 022g
Ancillary . 044g
Annotation N 333g
Image 3553
Trailer 366g

FILE

A file is a collection of related records
treated as a unit. The amount of data con-

tained in a file depends on sensor
or RBV), the interleaving of image

type (MSS
data, and

whether or not the data are geometrically cor-

rected. A CCT contains four type

Tape-directory data
Scene-attributes data
Image data
Trailer data
Each file can contain one or more
defined below. The total number of f
CCT depends on the format: BS

(fig. 9). The length of records within

is fixed and blocked one (1). The
tory file has a fixed length on all

s of files: -

records as
files on the
Q or BIL
each file
tape direc-
CCT tapes
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and gives the lengths of records in all subse-
quent files.

Only an image-data file may be split between

reels of CCT’s. It should be noted that one RBV
image data file contains one RBV subscene of
imagery. One MSS image file contains either one
image (band) in BSQ or one scene in BIL (fig.
9.

VOLUME

A volume is one physical unit of a storage
medium on which data can be recorded and
subsequently read. In this document, a volume
always refers to a reel of magnetic tape.

CCT TAPE SET

A CCT tape set may consist of one or more
volumes and contain data for one MSS scene
or one RBV subscene.

TAPE GAPS AND MARKERS

Tape gaps, load point, end-of-tape (EOT)
marks, and other tape characteristics are
standard for the industry as defined by the

American National Standards Institute (ANSI,
1973a and b).

END-OF-FILE MARKER

The end-of-file marker (EOF) is a specifical-
ly coded block which separates files. The EOF
is the tape mark described in the referenced
ANSI documents.

END-OF-VOLUME MARKER
" The end-ofvolume (EOV) indicator consists

of two consecutive EOF’s and marks the end of
recorded data on the tape.

END-OF-SET MARKER

The end-of-set marker (EOS) consists of
three consecutive EOF’s and occurs on the
last volume of a multivolume set.

TAPE DIRECTORY

The tape directory appears once at the
beginning of each volume and identifies the
contents, documentation level, and format of
the CCT set. It consists of one record 360
bytes long as shown in table 1.

For MSS: 3,596 bytes e
For RBV: 5,388 bytes
4 <] 1 = [ xS
bytes byte | byte bytes
5 §
General Record
Record Record Number Efﬁ’ Type Data 'Z:f'{‘]’
Structurel Code )
5 §
Non-Image Nacnd ] o
Data 3
Record Record Number Zero Type Alphanumeric Data Zere
Fin Fin
Structure Code 4"
* ? 7
C il -
Image i Record 1l
ero
Data Record Number Fill Type Scan Line Identification Image Data
Record Code
Structure ¢
7

e § Dytes —————

Figure 10.-Standard CCT record structure.




TABLE 1.--Tape directory: Record-byte assignments

TAPE FORMAT

BYTES

1-4

7-26

27-29

30

31

32-33

binary (Yr = last two digits of year)

DATA
XXX | XX
XX | XX
000

[o11
L N
S -
T 4
X D

D D

X X

N v

B | ¥

| b

b B
Day | Mon
Yr

XX

I N

XXX | XX

DESCRIPTION

Record Number-—always a binary 1

Zero Fill

Record Type Code

Tape ID - 20 ASCII bytes of tape identificatiomn
L = Mission Designator, coded L for Lan&sat

N = Mission Number, coded: 1, 2, or 3

S = Sensor Type, coded: M (MSS) or R (RBV)
TT = Tape Type, coded: CP (Data with geometric

corrections), or CA (Data without geometric

corrections)

Date of Tape YY = Last two digits of year
Creation: DDD = Julian Day

coded:

XX = Sequence number within day for each tape type

N = CCT Volume Number
V = Number of volumes in CCT set
¥ = Blanks

Date of CCT Tape Generation - will contain the date in

Site of CCT Production:

0118 = IPF (MDP#l) at GSFC

022g = IPF (MDP#2) at GSFC)

O44g = IPF (QLP) at GSFC

3558 = EDIPS at EDC (This manual only describes

generated by EDIPS)

CCT's

Interleaving Type Indicator, with I = 000g for MSS BSQ

and RBV; or 3778 for MSS BIL

Record length in bytes of records to follow giwv
binary either 359610 for MSS or 538810 for RBV

n in

1
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TABLE l.--(cont'd)

BYTES DATA DESCRIPTION

34 H Source HDT - one ASCII byte where: -
If H = C, the source HDT contains geometrically
corrected data

If H = U, the source HDT contains geometrically
uncorrected data

If H= ¥, field is N/A

35-52 A D Scene Identification - an 18 byte ASCII field giving
Scene ID and WRS Designator of the data on the tape -
D D (or tape set) defined as follows -
D H Scene ID - unique scene identifier of the form:
H M ADDDDHHMMSB where
1 S A = Landsat mission = 1,722,500 3
DDDD = Day number, relative to launch, at time of
B M observation
HH = Hour at time of observation G2
P P MM = Minute at time of observation
S = Tens of seconds at time of observation
P R B = Blank
R R WRS Designator - unique terrestrial scene of the form:
MPPPRRR where
M = A (for ascending node) or
D (for descending node)
PPP = nominal WRS path number (001-251)
RRR = nominal WRS row number (001-248)
53-358 | 000 | 000 Zero Fill
359-360 |SSs|LLL Version level on the CCT set.

SSS-~Binary version number of the software.
(Changes each release of module which
generates CCT's.)

LLL--Binary version number of the document which
describes the CCT format. V.R (Changes
each version of the CCT document. Revision
changes have no impact.)

12




TAPE FORMAT

SCENE ATTRIBUTES FILE

The scene attributes file can contain up to
three types of records: header, ancillary, and
annotation. The total number of records in the
file depends on the sensor and whether or not
the data are geometrically corrected. The
attributes file contains records of descriptive
information concerning the image within the
image file. A CCT in BSQ format contains one
attributes file that contains the header, ancil-
lary (if present) and annotation records for the
bands on the CCT set. The header record is the
first record of each attributes file, followed by
all the ancillary (if present), and then the anno-
tation records. For both BIL and BSQ formats,
the relative order as given below is important.

HEADER RECORDS

A header record is present for each band on

TABLE 2.--Header record: Record-byte assignments

a BSQ CCT set and only once in a BIL CCT set.
It identifies the contents of the data that fol-
low and describes the format in which the data
are recorded. Header data are further subdi-
vided into six groups:

a) Scene identification — bytes/ 1-36
b) Spacecraft description — bytes 37-62
¢) Time of exposure and
WRS information — bytes 63-92
d) Data set characteristics
1) Header data — bytes 93-98
2) Annotation — bytes 99-102
3) Ancillary data — bytes/ 103-110
4) Image data — bytes/111-141
5) Trailer data — bytes 142-150
e) Special purpose fields - bytes 151-236

f) EDIPS processing information
for MSS
for RBV

— bytes 3583-3596
~ bytes §375-5377

Table 2 shows the layout of header records,
and table 2a the active detector-sta‘tus bytes.

Bytes Data Description
1-4 XX | XXX Record number
Always a binary 1 for each file present.
XX | XXX
5 000 Zero fill
6 022 Record Type Code
7-8 ¥ A Image ID - unique image identifier (in ASCII)
of the form:
9-10 D D
ADDDDHHMMSB where
11-12 D D
¥ = blank
13-14 H H A = Landsat mission = 1, 2, or 3
DDDD = Day number, relative to launch, at
15-16 M M time of observation )
= HH = Hour at time of observation
17-18 S B MM = Minute at time of observation
S = Tens of seconds at time of observation
B = IPF ID code = 1, 2, 3, A, B, C, or D
indicating RBV; 4, 5, 6, 7, 8, or O

(if BIL) indicating MSS

13
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TABLE 2.--(cont'd)

Byte

19-20
21-22
23-24

25-26

27-28
29

30

31-36

37-38
39-40
41-44

45-46

47-48

49-50
51-52
53-54

55-56

49-50

Data
b M
3 P
4 R
R R
Day Moﬁ1
i
000
000 | 000
Spacecraft Description
X X
X | ¥
B ¥
000 | 00x
XX | XXX
49-56 . . . .-
XXX | XXX
XXX | XXX
000 | 000
000 | 000
49-56 . :
000 | 000

Description

WRS designator - unique terrestrial image
identifier (in ASCII) of the form:

MPPPRRR where

M = A (for ascending node) or

D (for descending node)
PPP = Nominal WRS path number (001-251)
RRR = Nominal WRS row number (001-248)

Date of tape generation - will contain the date
in binary. (Last 2 digits of Yr.)

Not used (zeros)

Sensor ID - the sénsorWQiilréi;aﬁé‘be either
MSS or RBV. The ID will be in ASCII.

Mission number - will be either a binary
1, 2, or 3 depending on the spacecraft.

Orbit number - binary number reflecting the
orbit number of the spacecraft.

o w wow 0T ME8S:

Active detector status - contains detector .
status for the 26 MSS detectors. There is 1
bit per dete<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>