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CONVERSION OF THE BRAZILIAN LANDSAT CCT FORMAT
TO NASA AND LARSYS CCT FORMAT
INTRODUCTION

Since the beginning of 1976 all the Landsat data collected
over the Bolivan territory has been received by the Brazilian
ground station facility located in Cuiabd, Brazil. Therefore,
future projects involving computer-aided (LARSYS) processing and
analysis of Landsat MSS data collected over Bolivia will require
the use of computer compatible tapes (CCT) generated by the Bra-
zilian ground receiving station.

The Brazilian Landsat CCT's (IMPERTS) have a different format
from that of the NASA CCT's. Because the Landsat data reformatting
processor available at LARS is only capable of converting from the
NASA CCT format to the LARSYS CCT format, in order to be able to
process and analyze the Brazilian produced CCT's using the LARSYS
software package (currently being implemented in a Bolivian computer
facility) it was necessary to develop a pre-processing capability
that could either convert the Brazilian CCT format directly into
a LARSYS format, or convert from the Brazilian format into the
NASA standard format. Preliminary talks between investigators
from LARS and personnel from the Bolivian ERTS Program indicated
that the option of converting the Brazilian CCT's into the NASA
Standard Landsat CCT format was the most desirable.

This report contains the documentation of the Landsat refor-
matting software developed at LARS under the sponsorship of the
Bolivian ERTS Program and the U.S. Agency for International Develop-

ment. This reformatting software allows the format conversion



of the Brazilian Landsat CCT's into the NASA Landsat CCT format

and the LARSYS compatible format.

OBJECTIVE

The objective of this work included the following tasks:
(1) to develop a preprocessing capability to reformat Brazilian
Landsat computer compatible tapes into NASA Landsat computer
compatible tape format, and (2) to write a description of the already
available NASA to LARSYS reformatting software. The intent of the
first portion of the objective was to produce tapes of data in as
close to the NASA Landsat format as was practical. All available
corresponding data from the Brazilian tape format was directly
transferred to the output NASA formatted tape. The end result
was the development of a system of programs to generate LARSYS

formatted tapes of Landsat data from the Brazilian formatted tapes.

FUNCTIONAL REQUIREMENTS

The functional requirements for the reformatting of the Bra-
zilian Landsat data to LARSYS format are 1) data input, 2) computa-
tional hardware to process the data, 3) software with which to define
the processing, and 4) data output storage and display. While this
project supplies only the bulk of the software, the Bolivian Remote
Sensing Program under the direction of Dr. Carlos E. Brockmann

provides the other requirements.

1. Data Input

The Brazilian receiving station will receive much of the
Landsat data of interest to the Bolivian Remote Sensing Program.
Additional data may be acquired if available from the Earth Resources

Data Center at Sioux Falls, South Dakota. The primary source of
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South American Landsat data coverage is expected to be the Brazilian
receiving station. Landsat computer compatible tapes are available
in the special Brazilian Inperts format which is similar in content

to the NASA CCT's but are not in the exact NASA format.

2. Hardware

The hardware functional requirement typically suggests a digi-
tal computer system of at least moderate proportions. As an example,
consider a minicomputer with thirty-two thousand bytes of main
memory, two 'two and one-half' megabyte disks and a single tape
drive. This minicomputer configuration could not perform a Landsat
data reformatting job. Normal requirements for large data handling
jobs such as Landsat reformatting would include memory size of
approximately one hundred fifty thousand bytes of user program
space, forty megabytes of available disk space, and a minimum of
three nine-track, eight-hundred bits-per-inch (bpi) tape drives.
Generally, this requirement would describe the class range of a
midi to a large main frame computer. These classes of computers
are indeed preferred because of their higher expected reliability
as well as higher expected throughput capability. The Digital
Equipment Model 10 which is utilized by the Bolivian remote sensing
program is a unit that adequately meets these requirements. The
DEC-10 is considered a representative from the large main frame

class of digital computers.

3. Software
Software is used to define to the hardware the actual pro-
cessing to be accomplished. The programs furnished under this

project will constitute the instructions to the hardware to perform
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specific mathematical manipulations on the input data and to produce
the desired output. Brazilian Inperts format tapes are to be con-
verted to NASA format and subsequently from NASA format to LARSYS
format. Maximum portion of a single logical Landsat data frame
which may be stored on single reel of 2400 foot, 800 bpi, nine-track
computer compatible tape i$ approximately seventy (70) percent.

Tape operations software is required and is already implemented

through previous efforts.

4. Data Output

Data will be outputted from such a system of programs. This
brings up two requirements which are components of data output,
storage and display. Although there are numerous forms of output
storage, most forms as lineprinter, card, disk file and terminal
are not reasonable ways to store vast quantities of data. Computer
compatible tapes are a compact cost-effective way to store the
tens of megabytes of data from Landsat.

While tapes store the data well, they do not display it well.
Display is needed for checking the reformatted data for catastrophic
errors as well as for subsequent data analysis. The header infor-
mation may need checking as well. This may be accomplished by
inspecting the reformatting programs printer outputs or later through
utilizing the LARSYS IDPRINT function processor. The data itself
may be displayed utilizing the LARSYS PICTUREPRINT function
processor. This has already been implemented on the Bolivian
DEC-10 computer. The result of PICTUREPRINT will be a computer
paper-based character-simulated gray-level plot of the processed

Landsat data.



SOFTWARE DESCRIPTION

1. General

The system of programs required to produce LARSYS formatted
Landsat data from Brazilian Inperts formatted Landsat data input
consists of two major components. These components are the Brazil
to NASA reformatting programs known as INPERTS, and the NASA to
LARSYS reformatting programs known as REFERTS. Documentation of
these programs may be found in appendices D and E respectively.
Documentation of the three tape formats, i.e. Brazilian Inperts
format, NASA CCT format, and LARSYS format mav be found in appen-
dices A, B, and C respectively. Other documentation and listings

will be noted and included as appropriate.

2. INPERTS Program Brief

This system of programs is designed to produce a NASA formatted
Landsat frame from input tapes containing Brazilian Inperts for-
matted Landsat data. The Inperts formatted input data can be
expected to locate eight physical files on two physical tapes.
These files represent the eight strips of data of a single logical
Landsat data frame. The files may be sequential on each tape as
strips one through four on tape A and strips five through eight on
tape B. In constrast, the even numbered strips may be located on
tape A and the odd strips may be located on tape B. The program
will recognize if the control card specifications match the tape
contents for the strip location and proceed or issue an error
message as appropriate. Bad data for strips will be noted in the
latter manner. If a complete NASA strip or file of data cannot be
constructed because of lost or bad input data, the particular strip

of data will have to be eliminated from the reformatting.
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The output from these programs is two tapes each containing
four files corresponding to four strips of coverage of a complete
logical Landsat data frame. The NASA CCT fifth file, known as the
annotation file, is not being produced by INPERTS for lack of use
during subsequent REFERTS processing as well as lack of available
information from the Brazilian tapes. Eight hundred BPI, nine-
track, 2400 foot tapes are assumed throughout the reformatting pro-
cessing. The two files on each data tape will utilize a total of
80% of each tape. At most one scratch tape is utilized during
INPERTS processing. The sub-routine TAPOP will handle all tape
operations, and it has been previously implemented on the Bolivian
DEC-10 computing system. Please refer to Appendices A and B for

format documentation and appendix D for program documentation.

3. REFERTS Program Brief

This system of programs is designed to convert NASA formatted
data from the Landsat satellite multispectral scanner into LARSYS
version 3.1 image data format. The inout data* is formatted into
four logical groups which are equivalent to four physical groups
of data on tape, each of which represent Landsat scanner coverage
of a 25 X 100 nautical mile strip of earth's surface. Thus, together
the four strips form a single logical Landsat data frame covering
a 100 X 109 nautical mile area. All channels of data are recorded
from each of the four channels and kept logically together for

each strip. Although the LARSYS analysis package 1is capable of

*Note: This description of the input data is equivalent to the

data outputted by the INPERTS reformatting programs system.



hanaling a full Landsat data frame at once, the 800 bpi, nine-
track tape density will constrain the proportion of a frame to be
reformatted at one time to approximately 70 percent in the width,
with full length. The constraint of/70% of a data frame still
applies even after addition of a fifth tape drive at the Bolivian
computing site. However, a change to 1600 bpi density, nine-track
tape and the fifth tape drive will allow a full Landsat data frame
to be stored on a single file of a LARSYS formatted image data tape.
Special features are built into the REFERTS programs which
allow several alternative NASA tape formats with minor differences
to be reformatted without special effort. 1In particular the program
readily handles Landsat I or Landsat II data. Datamay be inputted
from one tape with four files at 1600 bpi, two tapes with two files
each at 1600 or 800 bpi, or four tapes with one file each at 1600
or 800 bpi. Should data be acguired from non-Brazilian sources,
or a change in available tape drives occur, the first and third
situations might become appropriate. Scratch tapes will be neces-

sary for both programs of the total reformatting system.

SAMPLE REFORMATTING SESSION

Input INPERTS tapes should be mounted initially to assure
data is indeed present. This will also inform the programmer/
reformatter of the format and file location/sequence of the eight
strips on the two Brazilian input data tapes. Based on the tape
dump investigation the following typical set of control cards might
be constructed based on Appendix D.

~-COMMENT EXAMPLE CONTROL CARD DECK

*TNPERTS

REFORMAT FULLFRAME

INPUT TAPES(1357,2468)

OUTPUT TAPES (3668,3669)
END



A scratch tape may need to be available during the first phase of
a normal session depending on the order of the INPERTS data files.
Our example does not require them.

Following to the generation of the NASA CCT's, two control
decks will need to be prepared. These jobs will reformat the left
and right halves of a single logical Landsat frame to LARSYS format.
The control card decks might look as follows: Refer to Appendices
B and C on formats and Appendix E for control card documentation.

JOB A "LEFT"

SREFORMAT INPUT(3685,3686),SCRATCH(4561,4562),ZONE(—B),TYPE(Z)

76020501 3687 1528513321 BOLIV

BLOCK AREA(0,50,1,0,100,1)

END

JOB B "RIGHT®

SREFORMAT INPUT(3685,3686),SCRATCH(4563,4564),ZONE(—3),TYPE(Z)

76020502 3687 2528513321 BOLIV

BLOCK AREA(50,100,1,0,100,1)

END
It is recommened that a LARSYS-like run number be assigned with
the last two digits 01 and 02 indicating LEFT and RIGHT portions
of the Landsat scene or frame. The last two digits 00 is the sug-
gested identification for a single complete logical frame of
Landsat data. Actual program loading and execution is system
dependent and will need to be handled by resident installation
programs.

Further check out of the output data from the jobs can be done
by tape dump, LARSYS PICTUREPRINT, and LARSYS IDPRINT processors.

While many procedural options exist, this represents a typical

sequence of reformatting of the INPERTS formatted data to LARSYS

format.



APPENDIX A

BRAZILIAN INPERTS CCT FORMAT



Em: 18/03/76 INPERTS 05/76 f1. 1
. . REV. A
De: Jose Luilz de Barros Aguirre - INPE IDPS Operation
Manager
Para: Distribution
Assunto: INPERTS CCT Format - Update
SUBSTITUIDA FOR INPERTS 1 REV. ' em / /

Substitui X |Complementa INPERTS _ 37/75

Relatorio Manuteneao % Operacao & Sistema: Descricao &

& Controle & Reparo Calibracao , Alteracoes

One INPERTS CCT file consists of one ID record 40.bytes long, one Annotation
record 340.bytes long, a number of video records with multispectral information,
and one End-Of-File.

The video records can vary in number and in size from one CCT to another,
depending on the length and width of the strip chosen to be recorded.

There are two different kinds of CCT: "Production" and "Non-standard".
They are identical in format, but there are some differences in the meaning of
some information in the ID and Annotation records between the two types. These
differences are stated below in the text.

Refer to Table I (INPERTS CCT ID Record). Comments are:

(1) Type: P for Production
N for Non-Standard
Strip: 1 to 8 for Production (once that in Production each strip has
a fixed starting element and a fixed width of 432 pixels,
and 8 strips cover the whole MSS frame width).
- (dash) for Non-standard (once that in this case there is
no commitment to pre-defined strips).
ERTS: Landsat number: O for test data
1 for Landsat 1
2 for Landsat 2
(2) Field 3 equals 4 times the CCT video width in pixels (due to the 4
interleaved bands) plus the 56 bytes of Calibration data

that are appended to each video record.



(3) The Year is represented without the hundreds (e.g. 73, 74, 75, etc.).
The former CCTs would show only the units (3, 4, 5, etc.).

(4) These fields have been recently implemented, being zeros formerly.
(5) MSSCCW: Bit 10: 1 = compressed data

11: 1 = Hi gain band 4

12: 1 = Hi gain band 5

13: 1 = Decompression (= bit 10. AND. bit 14)

14: 1 = Calibrated video

15: 1 = ICT used in the CCT generation,

Refer to Table II-A (Annotation Record - first part). Comments are:

(6) The time swath of the "Production" CCTs is determined by number of
adjacent MSS frames, from 1 up to 4. These fields show the PCTs of the
first and last frames present in the CCT. If the CCT is made over a
single MSS frame, the first and last PCTs will be the same. One frame
is 29 seconds long, each additional frame meaning plus only 25 seconds
due to the overlap related to the RBV-like frame format criteria.
The "Non-standard" CCTs can have any number of seconds of video, as long
as it fits within the length of the tape. One 2400' reel can accomodate
about 106 seconds of continuous video 432 pixels wide.

(7 The 3 least significant bits are used in this word, each corresponding
to one of the cameras: bits 2, 1, O correspond respectively to cameras
1, 2, and 3.

Tables II-B and II-C cover the remaining of the Annotation Record of the
CCT. Tt is a straight copy of the ICT record corresponding to the CCT midtime
(field 4 of the CCT ID record).

A single comment is that when without an ICT the Sun elevation Angle (no. 21 of
Table II-B) is set to a default value of 60. degrees. This was recently implemented
for compatibility with some internal IDPS default standards.

The format of the video records is illustrated in Figure 3. Each record
contains video belonging to one sensor. The CCT begins with sensor A and pro-
ceeds through B, C, D, E, and ¥ and over again. Each set of six records
corresponds to a sweep of the MSS. One complete MSS frame is 392 sweeps (29
seconds) long, which makes 2352 CCT video records. In terms of ground coverage,
this represents about 185 kilometers (100 NM) in a strip about 25 kilometers
(13.5 NM) wide, if the number of pixels is 432. The INPERTS CCTs can range from

128 up to 512 pixels per record in the Non-standard format.




General points are that our normal product is a "Production' CCT covering
one complete frame, formed by 8 strips distributed in two reels of 2400' mag
tape. Normally, odd strips go in one reel and even strips in the other. If
we use a single tape drive during generation, the strips go sequentially 1, 2, 3,
4 in the first reel and 5, 6, 7, 8 in the second. In any case we add an extra
End-Of-File after the last file in the tape, so that there will be two consecutive
End-0f-Files at the end of the last strip.

We use to center the lenth of the strip over the area of interest of the
user, once that the INPE IDPS is not commited to the standard RBV format centers

in its products.

José Luiz De Barros Aguirre
IDPS Operation Manager

Distribution:
Arquivo INPERTS (2)
Marcio N. Barbosa (3)
Circulation:
Sergio de Paula Pereira
Francisco Eduardo Fiore
José Edward Z. de Oliveira

Arquivo de Operacao



du138 popaoood

2yy fo qox2d Buigavig favuzrqg paom [ 0r
paop 2poy
(s) UOLJOBIIO) DILT SSH Aaourq paoo [ 6
(¢)  Fybrupiu eouzrs segnuiy 2wyl UovILUSL [ Aavurq pJaoa [ o
() Aoq + (*04 - AVBL) X 000 23Vp uogvIBUBE 1) Aavuiq paom 1 /
sdyags queoplpv usemoq dvjasap s7ex2d uz dojasap Aavurq paoo [ 9
s7ox2d UL YpIy 0op1Y Aavurq paom [ g
(¢) 8083 ‘suyy ‘sanoy ‘Avg ‘aver ouyy avquso 221f 100  § W ‘m ‘q ‘x Aaouzq spaom ¢ b
so7fq uz
(g) Ypbue] spaooay ospa Aapuirq pao [ g
W o n 5o asqunu buzousnbag nqnqqq  I11osy  se2fg 9 g
(1) 2dAr-dzagg-ung-91Gap-saay a  Zoo 845000008 ITOSV  se3hAq o I
(SINAWNOD) DNINVAN SINAINOD LYNHOA HAXL HIONAT  d74Td
paoooa ar  1oo SLHAINT L HIgViI




INPERTS 05/76 fl. 5

A

REYV.

snqav1g SvIdUL) AGY

I R R R A R A N N S B A A A )

(L) pelqpsid = 4  polqoug = | fiaourq
pa1qusiq = 4  polqoug = [ 8N30LG UOLFDIGLID) favuzq
pa1qoelq = g porqoug = | sngvLSe PP UPOSPILH Aavuiq

If0 =4 up = [ snIvLS SHY faourq
o = g Ur = [ UOIQODLI0) Bangaady Aapurq
Ifo =4 o =1 snavs SSH fiavuzq
o = f ubig =1 sngpqg UMD G puvg SSH faouiq
o7 = g ybiy =1 Sn3v3g ULLY p purg SSi Aapulq
GSI¥AANT  IIOSV
passoaduoy = [ avour] = [ vavg oapip fo odfif faou2q
Iadq = f CIEAd = I odpg, spaeweydy fo odfi fiaonrq
2a0dg
290q eansodry XXWnW-ad — IIOSV
owyr pug I0I S ‘W ‘H ‘aq  FAavurq
owy] 44048 IOI S ‘W ‘H ‘a  Aavulq
IBpIQ Buygoous-11qro=-87dag ar oI  45-00000-4  IIOSV
trortiiisitetposn qouU 81 JOT up L1 8oaoz 170 2q 1110 pdO02d ‘F0UUY 2YJ UO BABY WOLJ]
pavpuvgg-uoy S 0/1 pva
(9) uoggompodd f£1 god 4807 S W ‘H ‘a  fawvulq
pavpuvig-uoy f1 0/ 34078
(9) uogonpodd £ Iod #8434 S W ‘H ‘q  favurq
(SINANNOD) ONINVAN SINZINOD VA0 AdLL
LdVd LSHIA — Q40044 NOILVLIONNV V-II 274V

NPNQB T 8r
NPNQB I 40
paoe [ 9r
paoa 1 Sr
paoq 7L
@&03 A er
T&OB A ar
NPNQS A IT
s23Aq g 01
NQ&QB A 6
NQ&QB r g
spaom g /
s22Aq g 9
spIoM p ¢
spaom p 7
so1hq 0r g
spaon p g
spaon % I
HIONZT — Q74Id



" " " 9sn 2IBMIJOS OH(J IA0J PDAIISVY 621-8¢C1
" 0 om 2an3o1d 3o wo3lloq " 3dQ NABW OIL / LT1-L01
I9vd aNOOES " W oon 21n301d 3O 9pTS IYITY " 3F°0 AIBW OIL / 901-98
Y024y NOILVIONNV 0 woooai 2an3o1d Jo °9pPTS 3397 ‘39 AIBW DIL [ 68-69
g-11 41dVL °8eg IX®N °°g ?an3o1g jo doy *39a }IBW OIL L v9-vYy
soaedg €%-97
19893ut 198 jaew DII 8eIJ ®iRQ PRBY o
yoea 3BTy 319 |
qs1 Do 01'0 0006+  I9893uf (0,) Panieradudy ATquesSsy ¥ T
ITq 1BITUNGZ ‘1T 4T — - 19393u] CH#THT# A40/NO I93INnYg BIdWE) €2
as1 ‘8aq 1 ‘8920 09¢ - 0 a2393u1 (s,°82Qq) zv °18uy ung (A4
qas1 *89q 1 ‘820 06 - O aa8ajug (s,*82q) ‘aoTq °73uy ung 1¢
4s1 TUTW T "UTW 0080T+ Te393ul ("UTW) "8uo I193U9) YIQVN 0T
as1 "UTH T "UTW 00%S+ I9893u] (*UTK) °pn3ITILT I93UL) YIAVN 61
qs1 ‘UIW T *UIW Q080T+ a9393ug (*uTR) °3uoT I93UL) JeWIOg 81
qs1 ‘UIN 1 ‘UTW Q00%S+ a9893u7 (UTR) °pniTieT I93U9) FJBWIOHL L1
saedg 91
aaedg G1
_ (W)
gsT  WW 9000°0 WR 88°6T+ I9893ug uoTlBIOY Yaey 03 dng MANg Feul vl
998 01 X 1T .ommMIoH X 9T - 0 a9893u7 AmloH X 09g) uor3riIng Insodxy AgY €1
4s1 ‘UTKH 1 s89q 081 - 0 I19893u] ("uTW) SurpesH J/S A
* (0z - G spaonm
elep 103 Sef3 31q [) s8eIJ ®IBQ PEY T1
g1 /1~ C 6z'0 +  a98eaug (WON/ [WON-S9V]) 4£3Td0Tap 01
4s1 1 - ¢ ST°0 + 19893u] (HON/ [RON-SEV]) ®PNITITY 6
gs1 "KOT W(T1-972) 0T 1e893u1 (000°076-"3TV) (si23aw) 9pnITITV 8
ds1 ‘pea /1 Z suetpel G7°0 + a93=3uy (sueTpel1) MBX /S L
gs1 "PeI ;1 - ¢ SUBTPR1 G7°0 + a9893u] (sueTpei) Yo3ITg D/S 9
48T ‘PBI ;1 - ¢ SUBTPRI G7°0 + Ie393u] (suetpel) TT0¥ D/S S
*398 1 ‘098 G - 0 a93s3ug *09g - dull 9/S i
"UTH 1 ‘utwm 66 - 0 I9393u] *SUTW - 9WIL.,D/S €
“IH 1 "say €7 - 0 REEERL ) "SIy - LWl D/S z
Aeqg 1 sdep ¢9¢ - 0 I9891ug sdeq - swIy /S 1
(Ioqunu
5 2y8Ta 3198
NOILNTOSHY AONVY LVWI04 YATANYEVd 03 1% PPY)

# qdoM vivd




A-8 INPERTS 05/76 f1. 7
REV. A

TABLE II-C

TIC MARK FORMAT DEFINITION

Three words define a TIC mark as follows:

1)

15

14

Lat or Long
q In 0.25 Deg.

'y o

—

2)

3)

4)

—Code: 00

P MSB

10
11

o
e
1

=R

LSB

15

Lat or Long Equation Intercept

(8,)
0 0

MSB

LSB

15

Lat or Long Equation Slope (61)

MSB

TIC Mark Definition on ICT

a)
b)
c)
d)

Top border: TM - 1 Closest to
Left Side: TM - 1 Closest to
Right side: T™M - 1 Closest to
Bottom border: TM - 1 Closest

LSB

(0, 0) - Lat/Long, 8¢,81 TM-2,---TM7.
(0, 0) - Lat/Long, Sp,81°TM-2,---TM7.
(0, 0) - Lat/Long, So,81°TM-2,---TM7.
to (G, 0) - Lat/Long, §¢,01 TM-2,---TM7.
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SECTION 4
OUTPUT DATA PRODUCTS

4.1 INTRODUCTION

Landsat data products produced by the
NASA Image Processing Facility (IPF) at
GSFC are discussed in this section. Product
availability to users through the IPF, the
EROS Data Center, the U.S. Department of
Agriculture Western Aerial Photo Laboratory
and the NOAA Environmental Data Service is
discussed in detail in Section 5.

Figure 4-1 summarizes the original output
data products produced by the IPF. Within
this section, they are grouped into three areas
for discussion: photographic products, com-
puter compatible tapes (CCTs) and Data
Collection System products.

PROD
?vr“z“ BLACK 8 WHITE COLOR DIGITAL

RBV & MSS L) $5INCH" uss
IMAGERY NEGATIVE POSITIVE 1TRACK*"
COMPUTER
COMPATIBLE
70 MM 9.5 INCH® TAPE
POSITIVE PAPER PRINT

95 INCH®
PASITIVE MSS
STRACK*
COMPUTER
95 INEH* COMPATIBLE
PAPER PRINT TAPE

—

DATA COLLECTION
SYSTEM

7089

TRACK*"

DIGITAL__
TAPE

COMPUTER
LISTING

i

*240 MM NOMINAL
“°7 TRACK, 808 bps, 8 TRACK, 260 OR 1600 hp:

Figure 4-1. Landsat Original Ou put Products
4.2 PHOTOGRAPHIC PRODUCTS
The following information will be useful to
users when considering Landsat photographic

products:

1. All imagery contains radiometric and
certain spatial corrections introduced

during the process of videotape-to-film
conversion. The term ‘‘system-corrected
imagery,” which refers to these correc-
tions, applies to all imagery.

Generation number assigned to photo-
graphic products is referenced to the
initial, original archival output from the
electron beam recorder, which is desig-
nated as the first generation. Each suc-
cessive photographic product generated
adds one generation. Thus, an enlarge-
ment from a 70mm archival image is a
second generation product.

Relationships between sensors, wave-

lengths, and IPF band codes are shown
in Table 4-1.

Table 4-1. Sensor Band Relationships

Landsat 1 and 2
1PF Band
Sensor Wavelength (um) Code
A8V 0.475-0.575 1
0.580 - 0.680 2
0.680-0.830 3
MSS 05-06 4
06-0.7 5
07-08 6
08-1.1 7
Landsat C
IPF Band
Sensor Wavelength (1 m) Code
RBV 0.505 - 0.750 *
MSS 0.5-06 4
06-0.7 5
0.7-08 [
08-1.1 7
104-126 8

*An IPF band code will not be designated for the
Landsat-C RBV. Instead, the letters A, B, C and
D will be assigned to the four Landsat-C RBV
images that approximately overlap one MSS
image. (Refer to Figure 8-11.)

Photographic products are available in
two basic film sizes - 70mm and 9.5 inch
(240mm nominal) - although facilities
other than IPF have derived more sizes



from the 70mm film imagery. IPF pro-
cessing uses the spacecraft altitude at
*'image center time'' to scale each Land-
sat 1 and 2 and Landsat-C MSS 70mm
image to 1:3,369,000. When the image
on 70mm film is enlarged by a factor of
3.369 and printed on 9.5 inch film, the
scale is 1:1,000,000. Scaling for corre-
sponding Landsat-C RBV imagery is
twice that of Landsat 1 and 2 and Land-
sat-C MSS imagery.

4.2.1 lmage Production

The production flow through the IPF for each
of the photographic products shown in Figure
4-1 is illustrated in Figures 4-2 through 44,

ELECTRON BEAM RECORDER

VIDEO-TO-FILM CONVERSION
TO GENERATE ARCHIVAL AOLLS

ARCHIVAL
T0MM
POSITIVE

STEP AND REPEAT PRINTER

PRINT SELECTIVE SCENES TO GENERATE
A ‘WORKING MASTER” 70MM NEGATIVE

TOMM
MASTER NEGATIVE

STEP AND REPEAT PRINTER _STRIPPRINTER

INVERT MASTER NEGATIVE

T0 GENERATE "WORKING
MASTER" POSITIVE

SELECTIVELY PRINT POSITIVE
PRODUCTS

T0MM
POSITIVE
PRODUCTS

70MM
INTERMEDIATE
POSITIVE

STEP AMD REPEAT PRINTER

SELECTIVELY PRINT NEGATIVE
PRODUCTS

70MM
NEGATIVE
PRODUCTS =

Figure 4-2, Production Flow of a 70mm Positive and
Negative Product (Black and White Only)

4.2.2 Image Format and Annotation

A sample of the Landsat 1 and 2 RBV and
MSS image format, including registration
marks, tick marks, gray scale and alphanumeric

ARCHIVAL 70MM
POSITIVE

ENLARGER

PRINT SELECTIVE SCENES
TO GENERATE A “WORKING
MASTER"” 9.5 INCH NEGATIVE

9.5 INCH
MASTER
NEGATIVE

STEP AND REPEAT PRINTER

SELECTIVELY PRINT
FILM POSITIVES

9.5 INCH
FILM
POSITIVES

Y

STEP AND REPEAT PRINTER

SELECTIVELY PRINT
PAPER PRINTS

9.5 INCH
PAPER
PRINTS

Figure 4-3. Production Flow of a 9.5-inch Black and
White Film or Paper Product




FILM STORAGE

RETRIEVE 9.5 INCH
ENLARGED WORKING
MASTER NEGATIVES

9.5 INCH
NEGATIVE

STEP AND REPEAT PRINTER

PRINT SELECTED RBV AND MSS
TRIPLETS FOR INPUT TO PRINTER

9.5 INCH
POSITIVE
TRIPLETS

COLOR COMPOSITE PRINTER

SEQUENTIALLY EXPOSE
BLACK AND WHITE TRIPLETS
ON TRI-EMULSION FiLM

9.5 INCH
COLOR PRINTER (PAPER)

COLOR
NEGATIVE

PRINT COLOR PAPER
PRINTS

Y

COLOR PRINTER (FILM)

PRINT COLOR FILM

Figure 4-4, Production Flow for Color Film and Prints

annotation, is shown in Figure 4-5. The RBV
image format is identical, except that it con-
tains fiducial references (reseau and anchor
marks). The spacecraft heading is always to-
ward the annotation. The annotation for
Landsat-C RBV is depicted in Figure 4-9,
which shows in detail the annotation block
for all film imagery.

The dimensions for the 70mm and 9.5 inch
RBV and MSS film products are given in Fig-
ure 4-6.

4.2.2.1 Registration Marks

Four registration marks are placed beyond the
image corners to facilitate alignment of
different spectral images of the same scene
from the same payload sensor. The image is
positioned within the writing area so that
when the registration marks from two or
more spectral images are superimposed, the
imagery will be registered. The dimensional
details of these registration marks are shown
in Figure 4-7.

The intersection of diagonals drawn through
the four registration marks is the format
center of the image. The format center of a
scene imaged at the same time by both the
RBV and MSS will be identical. Annotation
not otherwise specified refers to properties at
the format center.

4.2.2.2 Tick Marks

Latitude and longitude tick marks are placed
outside the edge of the image writing area at
intervals of 30 arc minutes. The geographic
reference marks are annotated in degrees-
minutes with the appropriate direction indi-
cator. At latitudes above 60 degrees north or
south, tick marks are spaced at one-degree
intervals to prevent crowding.

4223 Gréy Scale

A 15-step gray scale tablet is exposed on
every frame of imagery as it is produced on
the electron beam recorder (EBR). This scale
is subject to the same copying and processing
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Entarged @
Dimension |10 mm 95inch — |
Code Description . Rsv MSS RBV MSS
A Film Width 0 70 240 240
B Nominal tmage Size {cross track) 552 |56 | 1853% | 1853
58.3 1964
c Nominal Image Size {in track) 552 |533 | 1853% | 1785
$8.3 1964
D Writing Area (cross track) 60 60 2022 2022
E Writing Area {in track) 60 555 2022 1904
F Annotation Block Length 516 516 1737 1737
4 Registration Mark Separation {cross track) | 58.6 586 1975 1975
H Registration Mark Separation (in track) 64 595 2157 2005
NOTES:
@ P ing uses sp; ft attitude at “image center time™” to scale each 70 mm image to
a ratio of 1:3369,000, except for Landsat-C RBV imagery which is scaled to a ratio of
1:1,684,500. The enlarging facter is 3.369 which provides a scale of 1:1,000,000 in alf

enfarged images indicated, except for Landsat-C RBV wherein the scale b

1:500,000
@ 85 equivalent to 185.2 km {100 nm), except for Landsat-C RBV I at 918.6 km
58.3 equivalent to 98.2 km (53 am) for Landsst-C RBV (496 n.m )
. i s altitude
3 53 equivalent to '178.3 km (36.3 nm}
185.3 applicable, except for Landsat-C RBV

196.4 applicable for Landsat-C RBV
@ Al dimensiogs given in millimeters (mm)

Figure 4-6. Product Dimensions

A —
70 mm 70 mm 9.5in. 9.5in.
Dimension RBV MsS RBY MSS
A 20 20 6.74 6.74
8 0.0532 0.0468 0.1793 0.1578
c 0.0266 0.0234 0.0896 0.0788

NOTE: Dimensions are in millimeters

Figure 4-7. Registration Mark Details

4-5




as the image to which it is attached. The gray
scale gives the relationship between a level of
gray on the image and the electron beam
density used to expose the original image. The
electron beam density is related to the sensor
signal voltage which, in turn, is related to the
energy incident on the sensor.

The annotation gray scale for MSS imagery
corresponds to zero radiance at step 15 (black
on positives) and maximum radiance as given
by Figure C-5 at step 1 (white on positives).
The radiance varies linearly with gray step
transmission between these values with the
difference between each step corresponding
to 1/14th of the maximum radiance.

The transmission of the steps in the RBV
annotation gray scale varies linearly with the
camera voltage, between 320 and 1100 milli-
volts. The voltage difference between each
step is 1/14th of [1100 - 320] or 55.7 milli-
volts. The radiance in front of the lens for a
12-millisecond exposure is obtained from
Table B-3 for the voltage corresponding to
the gray scale step. The radiance for the
actual exposure time is found by multiplying
values given for 12 ms, by 12/t, where t is
the exposure derived from the image annota-
tion, as explained in Figure 4-9, item e, con-
sidered together with Note 3 in Table 4-5.

The gray scale tablet is a macroscale tablet

~and cannot be used reliably for microscale

image radiometry, because the areas, on
the order of a few picture elements, are
subject to influence by neighboring areas
(modulation  transfer function effects,
chemical development adjacency effects)
and do not supply enough data points to
average noise down to a low figure.

The dimensions of the gray scale and alpha-
numeric annotation blocks are shown in
Figure 4-8.

4.2.2.4 Alphanumeric Annotation

Figure 4-9 details the type of alphanumeric
annotation shown at the bottom of Figure
4-5. ltems a. thvough i. explain the data con-
tained in this annotation.

4.2.3 Delivered Form

4.2.3.1 Landsat 1 and 2

Most photographic products are delivered in
cut form. in special cases, film products are
delivered in roll form. Prints are always
delivered in cut form.

» je-o
t—
j— m

clecal P

ALPHANUMER!IC ANNOTATION
] I ¥ L] ¥ ]
15-STEP GRAY SCALE
A A d i 1 1
e A
et B
Dimension
Code 10mm 9.5in.
A 45.0 1516
B 51.6 173.7
c 6.6 22.1
D 0.8 217
E 20 6.7
F 28 94

WOTE: Dimensions are in millimeters. The nominal

9.5-inch dimensions are a 3.369
enlargement of the 70-mm dimensions

Figure 4-8. Product Annotation Block Dimensions




ORAIGINAL ANNOTATION

a b «
1 H 8
12345678 #123550T89B1L Yay ©789¢12306
2N 7o ] N30 WL 18 | Deg2-tdt
T A

REVISED ANNOTATION {AFVER FEB. 18, 1977} rI

J v .

a L ¢
1 2 3
12345678 | 90123436709812345 | 6TaUB1234
BTIUNTS C N33-83-WLL5-1s D202-181
: A

Hotae (1) The letters "2 through “i" reber to
items in this iliustration thet explain
the aanotation block.

@Chunm “position” in the aanotation
block,

@b = bienk.

4. Character Positions 01.08. 87 JUN 76§
Day, month and year of picture exposure.

b. Chavecter Posivions 89-25.
CEN33-05/W115-188
Format Centes - Latitude and iongitude at
the center of the RBV and MSS image
farmat is indicated in degrees and minutes

"

Chacacter Position 26-34. 0202-1018

The "D indicates spaceciaft is descending;

an “A” indicates spacecratt is ascending.

Nominsl path and row identifier, The 262
i5 path number and 101 is row number

d. Character Positions 35-51
NEN33-E3/WTI542%
Nominal latitude and longitude

d ©
4 5 6
96789812349678981 2325678981
N N33-@3/Wll5-42 M4
bl
b
7
8
R XALD
A
Is
2¢
30

! v

d v
i 3 6
SBTRH0 234 5675001 2345675981
N N33-9¥3 WEL5~42 M4 D
3
6
ki
Bl
R
A
(383
2¢
3L

&8 D" indicates direct transmussion.
"R™ indicates stored dats played
back from the satetlite WBVT
recorder

L1} Blank

For MSS images. ,}

5258 The sensor spectral band identify-
cation code.

80 “D” indicates diect ransmission.
“R" indicates stored data playen
back from the sateilite WBVT
recorder

6t Blank

Character Positions 62-75. SUNSEL 308
A58

f

234567898123456

B
7 8
789812345678

SUN EL3@ AZ815 GIL-CD-N 1.2
UIL CP NEHI
S2P N APL2
Gs 1
R U 2
t 4
7 5
23456759012345 (75200234367
SUN EL3# A6L5 C1i-CDh-N L2
ClL-CP N Hl
S2P ND ABL2
Gs i
jL 7 2

AZIMUTH
SHORTENED
TO OXE
CHARACTER.

Cheracter position 77 indicates the scale of
the image:
1= 185 km x 185 km
{~100 nm x 100 nm}
“2"=925km x 92.5 km
50 nm x 50 nm})

Character position 78 defines the projection:
“L” = Lambert projection

polar stereo projection

space oblique projection

UTM projection

Character position 88 indicates the
resampling algorithm:

" cubic

nearest neighbor

Character position 81 indicates the type of

991

h I

. ¢
234567898
NASA LAKDSAT

b
Y

NASA LANDSAT

N

-

[
19P123356798

1 - @
i
123456789812345 | a@— @
E-1842-16832-4
5 | ——gomre
L3

7
8

t v i
1
12345672981 2345
E-11942-1nd32-4
3
-

7

[

CHARACTEH ADDED
10 ACCOMMODATE
DAY - 1488 AXD
GREATER RELATIVE
TO LAUNCH.

Characies postivn 85 indicates the semsor
gain options:

“ high gain

“L" = low gain

Character position 66 shows the type of
MSS transmission:

- = linear mode

= compressed mode

Character Positions 88-100
NASABLANDSATY
1dentifies the agency and the project

Gharacter Positions 101-115
E-11042188324

Frame identification number. Each image or
frame will have 3 unigque dentifier winch
will contain encoded information consiting

«. Character Positions 5261, Sun Angles - the sun zievation angle and ephemens data used t0 compute the image primarily of time of expomure relatwe to
Charactors in this yraup are sensor and san szimuth angle measured ciockwise frem center: launch. lis format «s €-ADDDD-HHMMS 3
spectial band specific: true North 3t the time of migpoint of MSS and is interpeted 3 follows'

For RBV Imeges: frame is specified to the nearest degeee.
Blank for sscending node coverage “E” Encoded Project identifier
5256  Seasor spectrsi band or i andet-C 4 Choracter Pasitions 76-87. UL CONBL2Y A - Landsat Mission
identification code Character position 83 gives the processing. 1 - Landsar 1
Charactes position 76 defines the type of 2 - Landsat2
§7-50  RBV Shutter Durstion Cove. Yhe feometric correction applied to the dsts: “ = nosmat processing procedure 3 - tendsat3
“XA" efers to shutter speed U = uncorrected = shnormal processing procedure BODD . Day number reiatwe to faunch at
e 87 = system level tme of observation
L Aperture Corsection Indicator, 6" = yeometrically corrected based on Character pasition 84 defimes whether an HH - Hour at me of observation
1 . Apartuse correction “in’ geometric GCP's earth imuge 01 whether 2 RBV calibratior. MM - Minute 2 time of observauon
U - Aperture correction “oui’t = yeometricaily correcied based on i : s Tens of seconds at time of obser
reigtive GCP'5 “ age vation
L 0r “2" = RBY Radiometnc [ g - NOPF enubication code
celibration imagey, tRAV A, B, D:MSS4,56,7
sndicating lowest $1.23
10 highest expe-
i sure ievel respec-
i i traly.
Figure 4-9. Details of Annotation Block
CHANGED

April 1,1977




Roll form products appear as shown in Figure
4-10. Note that the MSS images are grouped
by spectral band; that is, sequentially adjacent
images on the roll are for sequential geo-
graphical areas. These images are followed by
the same sequence of adjacent images in the
next spectral band, etc.

4.2.3.2 Landsat-C

Landsat-C imagery data will be processed
through the Image Processing Facility (I1PF),
converted to High Density Tape and supplied
to the Landsat Data Distribution Centers in
digital form either via communication links
or shipment of High Density Tape copies.
High Density Tape, computer compatible
tape and photographic products will also be
provided by the IPF to selected special tasks
and special users.

4.3 MSS COMPUTER COMPATIBLE TAPES

Digital data are available in the form of com-

puter compatible tapes (CCTs). These tapes
are standard 0.5-inch polyester-base magnetic
tapes, whose physical characteristics are
given in Figure 4-11 and Table 4-2; logical
characteristics are discussed in Subsection
4.3.2. One, two, or four CCTs, comprising
a set, contain one scene of digital imagery.
The external label on each tape contains
the arrangement and type of information
shown in Figure 4-12. Additional informa-
tion may be found in NASA/GSFC Document
X-563-75-223, ‘“‘Generation and Physical
Characteristics of the Landsat 1 and 2 MSS
Computer Compatible Tapes.”

4.3.1 CCT Physical Format
CCTs are in two basic physical formats:

1. Nine-track, 1600 or 800 bpi - For the
nine-track CCT, the alphanumeric data
are in EBCDIC and the video data are
in binary. Three 8-bit bytes are con-
tained in three frames. (Frames are
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NOTE:@THE MSS VIDED TAPE-TO-FILM CONVERSION PERFORMED BY THE BULK PROCESSING
ELECTRON BEAM RECORDER (EBR) “GROUPS” THE IMAGES ON THE ARCHIVAL FILM
ROLL BY SPECTRAL BANDS AS {LLUSTRATED. THE NUMBER OF IMAGES, n, IN A
SPECTRAL “GROUP” IS DETERMINED BY THE NUMBER OF SCENES ON THE MSS VIDED
TAPE. THIS NUMBER CAN VARY FROM SOME NOMINAL MINIMUM OF, SAY 12,TO A
MAXIMUM OF 48. [A SCENE MEANS ONE 25-SECOND, 185.2 BY 178.3 km (100 8Y 96.3 nm)
OBSERVATION |. THE INVEGRITY OF THiS SPECTRAL GROUP WiLL BE MAINTAINED IN
THE ROLL-FORM PRODUCTS THAT ARE SENT TO THE USER. A GIVEN ROLL WiLL CON-
TAIN ALL SPECTRAL IMAGES FOR EACH SCENE.

Figure 4-10. Landsat 1 and 2 Corrected Roll Film Scene/Band Layout
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Table 4-2. MSS CCT Operational Data Format Definitions

Tape:

Load Point Marker
(LPM)

End of Tape Marker
(EOT)

Recording Method:

7-track

9-track

Data Records:

Record Size:

Initial Gap: (1G)

Inter-record Gap: (IRG)

Tape Mark (End of File,

EOF):

Vertical:

Longitudinal:

Physical Spacing

interchange code:

Recording format:

Recording density:

interchange code:

Recording format:

Recording density:

Tape Recording

0.5 inch wide; 2400 ft. long, 1.5 mil thick, Mylar or
polyester base.

Placed parallel to and not more than 1/32 inch from the
edge of the tape nearest the operator when reel is mounted,
providing a leader of at least 10 feet.

Placed parallel to and not more than 1/32 inch from the
edge of the tape nearest the tape unit when the tape is
mounted, providing a leader of at least 14 feet. Phase
encoding for 1600 hits per inch (bpi).

NRZ 1 (non-return to zero, change on ones) for 800 bpi.

Video data, packed hinary; alphanumeric 1D data
in packed binary EBCDIC.

7 channels, 6 information bits plus parity, packed
binary.

800 bpi.
Video data, binary; alphanumeric 1D data, EBCDIC.
9 channels, 8 informatien bits plus parity, binary.
1600 or 800 bpi.

Tape Records

Recerds of logical data are separatéd by inter-record gap.

Minimum: 12 bytes; maximum: limited by computer
memory.

0.94 inch after load point marker.
0.06 + 0.15, - 0.10 inch.

3.5 inch, followed by one byte (x ‘13’), followed by a
longitudinal check character (LRC) only.

Validity Checks
0dd parity is used.

Longitudinal redundancy check (LRC), cyclic redundancy
check (CRC) characters written automatically following
data records.

Refer to Figure 4-11 for description.
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EDGE NEAREST TRANSPORT ofje—co0i2s . CRC LRC 3 CHAR.SPACES
' bu_, E H ‘\x ) L / 1 v
TAPE MOTION it Yo ' ! !
LEADER -— P b , ' !
[ ' 1
[LOAD POINT MARKER] G AT T
I 10 FEET (45, 0) | i 051N, | 12 CHAR_ MINIMUN ¢8I |JRG |
INITIAL RECORD 1 INTER- !
GAP r&—————FILE1 RECORD GAP X'13'  LAC
BIT =5 [ l F w0 ’
POSITION )1 oo ! ENDOFFILE \. oo 05N,
oN 3=—=PARITY D ' ' GAP ol : TAPE WIDTH
TApE =" L i | Y
072325867 IRG RECORD N 351N, l IRG RECORD 1
BIT POISITON IN - = = FILE | ————» +—FILE2————
MEMORY, S/0 SYSTEM
[END-OF -TAPE MARKER] ”
____TAPEMOTION CEABER
msb  MOST SIGNIFICANT BIT -
/L i
isb  LEAST SIGNIFICANT BIT A FEET 105, ) N
Mg

Figure 4-11. Physical Spacing of Records on MSS CCTs

areas; " each is one recording position
in length, extending across the tape,
perpendicular to the direction of tape
movement.)

.Seven-Track, 800 bpi - The seven-track
CCT contains packed binary video
data and packed EBCDIC alphanumeric
data. In the '‘packed’ configuration,
three 8-bit bytes are contained in four
frames.  The record layout and bit
structure are identical to the layout
and structure of the nine-track CCT.

4.3.2 Logical Format and Data Content
of CCTs

The full frame 185.2-by-185.2 km (100-by-
100 nm) image is segmented into four 46.3-
by-185.2 km (25-by-100 nm) strips in the
direction of spacecraft heading, for con-
version into CCT format.

43.2.1 Video Data Format and Content
The video data are spectrally interieaved. The
interleaving is done in groups of 8 bytes,
2 bytes from each spectral band. The absence
of an expected scan line is identified on a
CCT by the use of a special code that does
not occur in ordinary imagery. Missing scan

9 TRACK COPYCCT DATE.. ./..... /.. fines are identified by the occurrence of the
WO # .. USERID........... byte X ‘CC’ (11001100) at the start of the
SCENEIWD ....... ... . ... ... ...... -MB ordinary scan line byte sequence on the CCT.
REELS 1&2 OF 4 BPI...............

An ordinary scan line byte sequence is de-
fined as the first quarter scan line of video
data. ’

Radiometric calibration data for each spectral
band is also inserted as a 56-byte calibration

Figure 4-12. MSS CCT External Tape Label




group following each block of 3n 8-byte
groups of interleaved video data. The letter
“n’ is used to represent that multiplier of
the number *'24" which is needed to calculate
the adjusted video data scan line length
(LLA). The resulting multiple of 24 is con-
strained to be the smallest such multiple
which is at least as great as the maximum
line length code (LLC) determined for a
given scene, plus 6. All line lengths are, of
course, measured in pixels, or bytes. Addi-
tional detail will be found in Appendix D
of this handbook.

Figures 4-13 through 4-15 illustrate the CCT
video data format and content; symbols used
in these illustrations are defined in Table 4-3.

The video data word consists of eight bits, of
which only six are used if the data mode is
linear and seven are used if the data mode is
decompressed. All video data-bit words are
right-justified. Bits which are not used for
video data are used as flags, as when
11111111 is used as the spatial registration
fil character (X 'FF’). The decompressed
mode arises when data has been transmitted
from the satellite in a compressed mode. The
decompressed mode yields radiance values
represented by byte values ranging from O
to 127, instead of O to 63, as with the linear
mode.

4.3.2.2 Identification (iD) Record

The ID record contains a combination of
binary and EBCDIC information that is
used to identify the video data of each file.
This 40-byte record is therefore the first
record on a CCT, and appears thereafter
at the start of each file if there is more than
one file on the tape. Figure 4-16 shows
the organization of the 1D record.

The first word in the ID record is the scene/
frame ID, given in terms of days, hours,
minutes, and tens of seconds since launch. In
addition, this record indicates the spectral
band (Landsats 1 and 2 = bands 4-7, set to
zero), sequential subframe 1D (subframes
unavailable, set to zero), and by character

4-11

1, whether the data are from Landsat 1 or
Landsat 2. Characters 13-16 contain the
sequencing numbers; eqg., 1 of 2, 2 of 2,
which would distinguish the tapes in a set
of two. Characters 17-18 contain the data
record length in binary, i.e., the length of
the adjusted scan line plus 56 bytes of calibra-
tion information. Characters 19-26 contain
the binary frame 1D, which is the binary
representation of the scene/frame ID and
must be broken into days, hours, minutes,
seconds, etc., to be read. Characters 27-28,
the binary strip 1D, are not used and are
set to zero. Characters 29-36 contain the
image annotation tape (IAT) 1D, which
identifies the |AT used in making the CCT.
Characters 37-38 contain the MSS data mode/
correction code, which is a digital word that
indicates the characteristics of the data
such as decompression, calibration, and line
length adjustment. (See Table 4-4 for the
complete definition of the MSS data mode/
correction code.) Characters 3940 contain
the MSS adjusted line length. All of the
above information is defined in more detail
in Table 4-4.

4.3.2.3 Annotation Record

The annotation record contains binary and
EBCDIC data that provide information about
the scene such as the format center, nadir and
sun elevation. This record also includes tick
mark location information that associates
the digitized scene with the latitude and -
longitude coordinate system. The annotation
record is the second record of each file, thus
occurring once or more per tape dependant
upon format, and contains 624 characters.
This record is actually a composite of two
records taken directly from the image annota-
tion tape. The first 144 characters comprise
the annotation block, and the next 480
characters comprise the image location
record. Figure 4-17 defines the sequence of
information in the annotation record.

4.3.2.3.1 Annotation Data Block

The information included in the image
annotation data block allows user interpre-
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Table 4-3. Explanation of Symbols Used (Figure 4-13 through 4-15)

item/Symbol

Description

Sbi;

31, ‘ Sy, sZ,

k k k k
2m-7 2m-6 2m-5 2m-4

IDA

EOF

53,
k

2m-3

Sample within a scan line corresponding
to a specified videg picture element
{pixel) location where:

b = Spectral hand designatar (1--b<5)

k = Sequential scan line index

i = Sample number within line length-
adjusted scan line

Sb|q Comprise 6 or 7 bits of video right

justified in an 8-bit byte

Group of B spectrally interleaved,
spatially registered samples, 2 bytes
from each of bands 4-7, where:

k = Sequential full frame scan line index

m= Sequential group within an inter-
leaved scan line

Gk m contains videa samples Spk;j in the

order:

S3 Sq, S,
k k k
2m-2 2m-1 2m

An interleaved entire scan line may con-
tain a maximum of 1768 G Kk m groups.

Calibration data and line length infor-
mation for scan fine k of band desig-
nated b. Each CALpk isa 14-byte
string.

Record corresponding to a specific set
of Spkj comprising a segmented inter-
leave scan line where:

i = Image segment and computer
compatibie tape (CCT) file number
k= Sequential scan line index

Fifth spectral band record where:

i = image segment and CCT file number
k= Sequential spectral band (designated
5) scan line index

Line set number assigned to a set of
three 4-band* records (pius one 5th
band record for L andsat-C) where:

i = Image segment and CCT file number

p= Sequential line set number. For
Landsat-1 and 2, each Lip contains
three 4-band records. For Landsat
C, each Lip contains three 4-band
records plus one fifth band record.

Two data records consisting of scene
and annotation data for each image
strip recorded on CCT.

End of file

*“4-hand" refers to MSS bands 4-7;
"5th hand”’ refers to MSS hand 8

Note: Spectral band designators 1-5 refer to MSS bands 4-8, respectively.
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l Gy, 1 Gy 2 | GKk3 | Bka Gy m Sk m3 | Sm2 | Sk mt Gk, m Gy, 1767 | G, 1768
[ -t A ' 1 T T v R A
\ : . | : ' |I M ' i i : 1 . : 4 i
DO 0y 0y 10, 0 (0 S S $ ;51 ' : ' ' A T
Band &' bk ko kD Kk K Kk ' X ! : A
t 1,20 3'4,85 ;6] 12 2m-7,2m-6 1 ! ' ' oo b
ORI S S S M ‘ H . e
TTTETT T AT Y ' i 1 i | . .
| i ' V t | ' N o 'ﬂ i . 1 i t
102 0101 0]8; 18] 5.8, $2 .52 ' . X :;i: P v
Band5 ko kg k] k! k| kK kot ok N \ ' 1 g A T
:1,2.3:4 112§ 3,4 Zm-5:2m~4 . \ l . ' N
\ 4 ' ! 1 t M | { R WU T B —__l___‘
A ' ! | ! ! ' t | I [ i
] ] N ] ] [ ' t N '
1 1 0y ' 031 05 ¢ 03¢ .
' 03 1 03]S3.53{S3.53) 838 S3 153 ' ] :;3::::: P : :
BandB 1 k¢ ok k! k| kK| kK k| ok | ' :“|5.5. R
pro2fri 2l 3ual 58 2m-3,2m-2 ; X SRR oo
' ! L i + __-..__.:__J.___‘._____.l-__:-_.;__l..-J
— T | i i \ S I
' 1 i O , 04,040, :0, ‘0 '
Sa ' Sq4!S4,S4|S Saf Sa % s4:s4 , 4.454:4:4:4: : ! b
Band 70 4 k! okt ok| k] Kk ko, k ! k:*:*,*:*.*: N
i) 21 3,8, 5.6} 7,8 2m0 2m ' o203, 4005, 8 R
! X ; : : : : : : a - :__-__- __L-_:___J--L._-

bemw = -

Notes: 1. BAND-TO-BAND 2-BYTE SPATIAL MISREGISTRATION IS CORRECTED BY INSERTION OF DUMMY
BYTES, 0, iRECORDED ON CCT AS 0y, iT FF (HEXADECIMAL).

2. VIDEO OATA SAMPLES RECEIVED (EITHER VARIABLE OR ADJUSTED LENGTH SCAN LINES)
ARE DENOTED shki WHERE: b = MSSSPECTRAL BAND DESIGNATOR(1, 2,3, 4)
k = FULL FRAME SCAN LINE NUMBER (1, 2,...2340)
] SAMPLE INDEX PER SCAN LINE

non

3. SPECTRAL BAND INTERLEAVING ON CCT IS ACCOMPLISHED BY RECORDING G, ... GROUPS

1N THE SEQUENCE
S, 0§ S, s, 53 55 Sg Sy
k K k k k k k K

(Zm-7)  (2mt6) (2m-5) (2m-4) (2m-3) (2m2} (2m-1) (2m)}
WHERE m = GROUP INDEX (1, 2...., (M-1}, M}
M = NUMBER OF MEMORY ADDRESS LOCATIONS ASSIGNED PER INPUT SCAN LINE,
MAXIMUM VALUE GF M = 1768 LOCATIONS

THE VIDEO DATA SAMPLE INDEX j IS A FUNCTION OF THE GROUP INDEX, m, DUMMY SAMPLES
ARE INSERTED FOR THE CONDITIONS: j(m)}<<1 OR j(m)>(2M-6)

Figure 4-13. MSS Spatial Registration [llustration, Bands 4 through 7, Kt Scan Line



Giom [ Stk2m? | Stk 2mb | Sk 2m5 | Sz k2ma | S3k2m3 | S3,k2m2 | Sa,k2m1 | Sk 2m
jg——— 6 BYTES——»'c—z BYTES —pmjeg— 2 BYTES —’-‘n——z BYTES —j@g— 2 BYTES —0t
SIX CALIBRATION WEDGE SUN'CAL ' ' !
 SAMPLES | COEFF. conas'cnou ] coemlclsms Llu: 1

— | ) G —
FILTERED OFFSET FILTERED GAIN

R ]

Lk G g | B2 Gi,3n1 | Gk, 30 | CALy i | CALy | CALy  [CAL | R

(File 1)** G

Ry i ' ]

(Fila 7)o Gk, 3n+1| S, 3042 G, 6n-1| Ok 6n | CALy | CALy i | CAL3 y | CALg 4| R

R3, & !

9% 1By e |Gy pne2 Gy, 9n.1 | Gk, on | CALy i | CALp | CALg | CALg | R

(File 3)** p

Ry k !

o mres | Ok, 9n+1 | Bk, 9042 Gk, 120-1| Sk, 120 ALy i | CALy | CAL | CALg | g

(File 4) G

*LLC is a two-byte number denoting the number of
video data samples per uncorrected (raw) scan line.

**Each file contains one 46.3 by 185.2 km (25 by
100 nm) strip of the scene as described in Section
43.2. For the one-CCT format, the four files follow
sequentially on one CCT 2400 feet in length with a
bit density of 1600 bpi. For the two-CCT format,
files 1 and 2 follow sequentially on CCT 1 and files
3 and 4 on CCT 2. These tapes are 2400 feet in
length with a bit density of 800 hpi. For the four-
CCY format, each of the four files corresponds to a
like-number CCT, 2400 feet in length with a bit den-
sity of 800 bpi. All formats include an 1D record and
an annotation record as the first and second records,
respectively, of each film, and special image annota-
tion tape (SIAT) information (used in original CCT
generation) is included after the last file of each
scene.

Figure 4-14. Full Scene Interleaved Record Format
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T
8
Lol oseur | Ssez | Ssa S5k, 8 S5,k 201 | Ss,k,2n | CAlsy | R
File 1 - &
B2,k J
Fileze | S8,% 2001 | S5,k 2m2 | S5,k 2m3 | S5k, 2004 S5,k 4nt | Sskan | CALsy 2
By 3 : i CAL :
Fiege | S5 am1 ) 55 b am2 | S5,k 4me3 | S5k ames 5,k 6n1 ) S5k 6o 5,k :
By x ]
Finas | 55,k 6n+1 | 55,k 6ne2 | S5,k 6ne3 | S5,k Bnea S5,k 8n1 | Ss,k8n | CAlsy 2
(File 1)* (Fils 2)* {File 3)* (File 4)*
-\_—
Ry, 3p2 B2, 3p2 R3, 3p2 Re, 3p2
Ry, 3p1 Rz, 3p1 R3 3p1 ‘ Re 3pt
Ly.p L2,p Ly.p L4, p
P13 R2,3p R3, 3 I R, 3p
Bip B2 B3p Bg,p
Ry, 3p+1 Ry, 3p+1 R3 3p+1 ’ Ry, 3p+1
Lt 12,41 : L. a1 L8 it
Ry, 3p42 R2,3p42 B3, 3pe2 ( Ry 3902
Ry, 3p13 R2, 3043 R3, 3943 Ra 3943
By, pt1 B2, i B3 g+t B4, g1
— T ~——
Swip 1 Swip2 Strip 3 Strip &
cer 1t ceT 2 cer 3t cerar
Spectrally sis sis sis
intarieaved b4, ina7, fba7,
samples pBof p8of p8of
from bands strip 2 strip 3 strip 4
47, plus 8
of strip 1
1D Recd iD Recd 1D Recd 1D Recd
Annot. Recd Annot. Recd Annot. Recd Annot. Recd
Ly 1 Lz 4 L33 L1
by 122 42 Ly, 2
T —— —————— T — ——
Ly, 10 L2, 780 L3, 7180 Lq, 780
EOF EOF EOF EOF
7 SIAT Data Records
EOF

*LLC is a two-byte number denoting the number of
video data samples per uncorrected (raw) scan line.

**Each file contains one 46.3 by 185.2 km (25 by
100 nm) strip of the scene as described in Section
43.2. For the one-CCT format, the four files follow
sequentially on one CCT 2400 feet in length with a
bit density of 1600 bpi. For the two-CCT format,
files 1 and 2 follow sequentially on CCT 1 and files 3
and 4 on CCT 2. These tapes are 2400 feet in length

with a bit density of 800 bpi. For the four-CCT for-
mat, each of the four files corresponds to a like-
number CCT, 2400 feet in length with a bit density
of 800 bpi. Al formats include an ID record and an
annotation record as the first and second records, re-
spectively, of each film, and special image annotation
tape (SIAT) information (used in original CCT gen-
eration) is included after the last file of each scene.

Figure 4-15. Full Scene, Four-CCT Format
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DATA RECORD BINARY MSS DATA MODE/
SCENE/FRAME 1D LENGTH STRIP ID CORRECTION CODE
¢ % ~ A S ~
T T T T ] | I ] ] ¥ ]
EDDD—HHMIGSBN'bNlennlnnnn'nnnn'nnlAAnnnnnnlnn]nnﬂ
RSN O WL PO YO0 Y NG NN O W A U O TN OO0 UG N YU G N N OO O T TN A O I OO OO O O A
N . J L . J
Y Y
FILE SEQ BINARY FRAME 1D AT ID MSS ADJUSTED
NUMBER LINE LENGTH

Figure 4-16. 1D Record Organization (40 Characters, EBCDIC and Binary Code}

Table 4-4. ID Record Information Definitions

Char. {nformation Format Code
112 Scene/Frame iD EDDD-HHMMSBN* EBCDIC
1318 Fiie Sequencing Numbers

File N of M bNbM £8COIC

(b = blank char.)
17-18 Data Record Length (bytes) on Binary
19-26 Binary Frame 1D annnnaon** Binary
21-28 Binary Strip 1D oo Binary
29-36 1AT Hdentification (from

Header record on IAT) AAnnnnnn EBCDIC
3138 MSS Data Mode/Correction

Code*** Unitary Code nn Binary
3940 MSS Adjusted Line Length ] Binary
*E - Encoded Project Identifier (Landsat 1- 1 or 5; Landsat 2 - 2 or )

DDD- Day number refative to faunch at time of observation
HH — Hour at time of observation
MM — Minute at time of observation

S~ Tens of seconds at time of observation (truncated not rounded numbers)
B ~ IPF identification Code (Landsat 1 and 2, bands 4&7, set ta zero)
N — Sequential Subframe 1D (only full frame available, set to zero)

**The Binary Frame (D is the binacy representation of the Scene/Frame 1D.

Character
19 Encoded Project 1dentifier (Same as *E above)
20-21 Days since faunch; this number is determined by extracting the six right-mast
bits from bytes {characters) 20 and 21 and combining them into one word
{six bits from byte 20 followed by six bits from byte 21)
22 Hour at time of chservation
23 Minute at time of observation
24 Tens of seconds at time of observation {truncated, not rounded numbers)
25 Spectrai Band tdentifier (IPF Identification Code, set to zero}
26 Sequential Subframe 1D (set to zero)

For characters 22 through 26, the six right-most bits are used.

#**Bits 0-7 of this two-character word are zero.
Bits 8-15 have the following significance:

Bit

8 =1 for Sun Cal Data, = 0 otherwise

8 =1 for Calibration Wedge, = 0 otherwise
10 =1 for Compressed Data, = 0 otherwise !
11 =1 for Hi gain on band 1, = O otherwise

12 =1 for Hi gain on band 2, = O otherwise

13 =1 for Decompression, =0 otherwise
14 = 1 for Calibration, = 0 otherwise
15 = 1 for Line Length Adjust, = 0 otherwise
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tation of the imagery. These data are speci-
fied at the time of the center scan line of the
MSS frame; all decimal points and special
characters are included. The annotation
block data format consists of 144 EBCDIC
characters (72 sixteen-bit words), whose
format and content are defined in Table 45,

624 CHARACTERS -

ANNOTATION 8LOCK
144 CHAR EBCDIC

IMAGE LOCATION BLOCK
480 CHAR BINARY AND EBCDIC

[

Figure 4-17. Annotation Record Information Sequence
4.3.2.3.2 Image Location Data Block

The image location data consist of 240
sixteen-bit words that describe the tick
marks that associate the scene with latitude
and longitude. There can be a maximum of

" six tick marks per side (i.e., left side, right
side, top and bottom), and the image location
data includes this tick mark information for
RBV as well as MSS data.

The tick mark location data consist of four
types: the tick position, the special tick
character, the direction (N, S, E or W),
and the value in degrees and minutes. Each
tick mark is denoted by a 16-bit signed
binary integer fraction that specifies its
position along the edge of the scene, followed
by eight EBCDIC characters.

The 16-bit signed integer fraction represents
the location of the tick mark along the edge
of the scene and takes on values from +1/2 to
-1/2. The most significant bit of the integer
fraction indicates the sign of the fraction. If
the bit is a one, the fraction is negative;if it is
a zero, the fraction is positive. The tick mark
reference system has been chosen so that the
origin is at the format center. The corners of
the scene writing area may be designated A
(1/2, -1/2), B(-1/2, -1/2), C(1/2, 1/2) and
D(-1/2, 1/2), as in Figure 4-18. The value
that locates the tick marks along the edges is
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SCENE TOP EDGE DIRECTION OF
!‘I\vglETlNG A% %) B% %) S/C
A \ HEADING
X0
LEFT EDGE Y RIGHT EDGE
C (%% D (%, %)
BOTTOM EDGE

Figure 4-18. Tick Mark Reference System

therefore given in terms of a 16-bit binary
integer fraction with the binary point to the
left of bit position'1.

The special tick characters are either an
X‘4F’, an EBCDIC vertical bar that is used
along the top and bottom edges of the scene,
or an X'7E’, an EBCDIC equals sign that is
used to represent the_ticks on the left and
right sides of the scene. The direction is
represented by an EBCDIC character that
represents north, south, east, or west (N,
S, E or W). The value of the latitude or
longitude is given in degrees (3 characters)
and minutes (2 characters).

There are two formats used to represent the
location of tick marks. The tick marks are
usually written first and are followed by the
value of the latitude or longitude. If there
is not enough room on any one of the sides
for the last tick mark, then the value of the
latitude or longitude is written first and is
followed by the tick character for the last
tick mark. An illustration of the two tick
mark formats follows:

Format 1

Position:  16-bit signed binary fraction
Tick mark annotation:

Tick mark character: X'4F' or
X‘7E’

Direction, one character: N, S, E or W
Value

Degrees, three characters:
Constant: “—'
Minutes, two characters: 00 or 30



Format 2

Position: 16-bit signed binary fraction
Tick mark annotation:

Direction, one character: N, S, E or W-

Value, six characters: same as Format 1
Tick mark character: X‘4F' or X'7E’

Each of the eight tick mark tables (one for
each MSS and RBV edge) contains the tick
mark data arranged in positional order from
the top of the table downward with the top
edge tick mark table being given first. The
unused tick mark locations are signified by
a zero in the position words and X'FF’ in
all of the annotation characters.

The tick mark record format defined in the
16-bit words is as follows:

RBYV tick mark set:

Character Description

B(1) Position, tick mark No. 1
B(2)-B(b5) Annotation, tick mark No. 1
B(6) Position, tick mark No. 2
B(7)-B(10) Annotation, tick mark No. 2
B(11) Position, tick mark No. 3
B(12)-B(15) Annotation, tick mark No. 3
B(16) Position, tick mark No. 4
B(17)-8(20) Annotation, tick mark No. 4
B(21) Position, tick mark No. 5
B(22)-B(25) Annotation, tick mark No. 5
B(26) Position, tick mark No. 6
B(27)-8(30) Annotation, tick mark No. 6

B(31)-B(60)
B(61)-B(90)
B(91)-B(120)

Left edge tick mark table
Right edge tick mark table
Bottom edge tick mark table

MSS tick mark set:

Character Description

B(121)-B(240) Format is the same as that
for the RBV tick mark set

It should be noted that the scene on the CCT
contains 2340 scan lines (2256 scan fines for
the film image, plus 42 scan lines of data

preceding the film image and 42 scan lines
following the film image). The tick marks
are applied to the film image as shown in
Figure 4-19.

TICK MARK

_o— 32 SCAN LINES

P

CCT SCENE
2340 SCAN LINES

FILM IMAGE
2256 SCAN LINES

TV W N T §

T 7 v L T

T v v T T

42 SCAN LINES

Figure 4-19. CCT and Film Image Comparison

4.3.2.4 Special image Annotation Tape
(SIAT) Data File

This file consists of seven records. The first.
record is a 2048 byte record which contains
the SIAT logical tape header. The second
record contains 216 bytes of Processing
Information Data. The third record con-
tains 204 bytes of Spacecraft and Sensor
Performance Data. The fourth record con-
tains 144 bytes of Annotation Block Data
(Table 4-5). The fifth record contains 76
bytes of RBV Computational Data. Record
six contains 326 bytes of MSS Computation
Data. The seventh record contains 480
bytes of Image Location Data.

Detailed descriptions of each of these records
are shown in Tables 4-6A through 4-6G.

4.4 DATACOLLECTION SYSTEM
PRODUCTS

The IPF produces three types of Data Collec-
tion System (DCS) data products: punched
cards, computer listings and magnetic tapes.
These products along with their contents
and formats are described in Figures 4-20
through 4-22. DCS data transmission format
is listed in Table 4-7.
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Table 4-5. Annotation Block Data

Characters

Description

1-2 \/

35 v

67

810

1M

14
15-16

17

18
19-21

23-24

2527

28
29-30

31

32-33

34

1213 Y

.

N

{Day, Month, Year of Exposure — The date at Greenwich,
month, and year of picture exposure)
Date of Exposure, day of month, numerals

Date of Exposure, month of year, abbreviated to three alpha
characters

Date of Exposure, year, abbreviated to two numerals

Constant: 'bCb' (signifies Format Center).

(Format Center — The center of the RBV and MSS image for-
mat is indicated in terms of latitude and longitude in degrees
and minutes. The MSS format center is identical to the corres-
ponding RBV format center. Format center is defined as

the point of contact with the earth, of the geometric exten-
sion of the spacecraft yaw attitude sensor axis to the earth’s
surface.)

Latitude direction, 1 aipha, Nor S
Latitude, degrees, two numerals
Constant: '-'

Latitude, minutes, two numerals

Constant: '/'

Longitude, direction, 1 alpha, E or W
Longitude, degrees, three numerals
Constant: '-'

Longitude, minutes, two numerals

Constant: ‘bNb’ (signifies Nadir)

(Nadir — The latitude and longitude of the nadir (the inter-
section with the earth’s surface of a line from the satellite
perpendicular to the earth ellipsoid) is indicated in degrees
and minutes)

Latitude direction, 1 alpha, N or S
Latitude, degrees, two numerals
Constant: '-'

Latitude, minutes, two numerals

Constant: /'
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Table 4-5. Annotation Block Data {Continued)

Characters Description
3B Longitude, direction, 1 alpha, E or W
36-38 - Longitude, degrees, three numerals
39 v Constant: '-'

4041 Longitude, minutes, two numerals
42 Constant: 'b’

4354 Blank Field 1 (12 characters long)
5560 .7 Constant: *SUNBEL'

6162 ., Sun elevation, degrees, two numerals

(Sun Elevation — The sun elevation angle at the time of mid-
point of MSS frame is indicated to the nearest degree)

6365 Constant: 'bAZ'

66-68 Sun aximuth, degrees, three numerals

(Sun Azimuth — The sun azimuth angle from true North at
the time of midpoint of MSS frame is indicated to the nearest

degree)
69 \ Constant: 'b'
70-72 Satellite Heading (including yaw), degrees, three numerals

(Satellite Heading — The satellite true heading is indicated
to show the orientation of the imagery. The heading includes
yaw and is indicated to the nearest degree)

73 Constant: '—'

14-717 Revolution number, four numerals

(Rev Number — The consecutive rev number for the Landsat
spacecraft is indicated.)

78 Constant: '-'
79 MSS data acquisition site, abbreviated to one alpha, A, G, or
N

(Data Acquisition Site — A one-letter acronym designates the
data acquisition site. This will be either Alaska, (A), Goldstone,
(G), or NASA Tracking and Training Facility (N).)

80 Constant: '-'
81 Constant: '1'
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Table 4-5. Anm;‘tatir)n Block Data (Continued )

Characters Description !
82 Constant: '-'
83-84 Blank Field 2 (two characters long)
85 Type of orbit data: Predicted = P; Definitive =D
86 Constant: '-'
87-88 Blank Field 5 (two characters long)
89-101 Constant: 'bNASABERTSHE-'

Frame ldentification
{Frame ldentification Number — Each image or frame has a
unique identifier that contains encoded information. This
identifier is used for an information retrieval system and
consists primarily of time of exposure relative to launch
information. The Initial Image Generating Subsystem adds
the appropriate spectral band number. Also part of the frame
identification number is a* regeneration of images” identifier,
which is added to the imagery by Initial Image Generation
when appropriate.)
102 Landsat mission number=§
103-105 Day number relative to faunch = DDD
S =1 for Landsat 1, DDD <999
S =5 for Landsat 1, DDD > 999
S =2 for Landsat 2, 0DD <999
S =6 for Landsat 2, DDD >999

106 Constant: '—

107-108 Hour at time of observation
109-110 Minutes

in Tens of seconds

112 Constant: '-'

113 Blank Field 3 (one character long)
114 Blank for earth images

(RCI Images — A 0, 1, or 2 indicates one of the 3 exposure
levels for radiometric calibration, where 0 corresponds to the
minimum exposure level, and 2 corresponds to the maximum.
A blank signifies no RCI images)

115-116 Blank Field 4 (two characters long)

During Initial Image Generation Processing, the sensor code
will be inserted on the imagery into Blank Field 1; the gamma
(normal ‘N-*, or abnormal ‘A-') into Blank Field 2; the spectral
identifier into Blank Field 3; the regeneration number of the
processed image {(when necessary) into Blank Field 4; and the
type of MSS signal encoding\l into Blank Field 5.

X
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Table 4-5. Annotation Block Data (Continued )

Characters Description
117-140 24 blank characters if RBV Dis off
141-144 4 blank characters if MSS is off
Otherwise:
(117121 Direct or recorded data: '1bbDX’ or 1bbRX'
122-123 Shutter Setting@and Aperture Correction lndicator,@RBV
1;aa
124-129 Direct or recorded data: 'bb2bDX' or ' bb2bRX "
@ 130-131 Shutter Setting and Aperture Correction Indicator, RBV 2; aa
132-137 Direct or recorded data: 'bbb3D X" or 'bbb3RX®
138-139 Shutter Setting and Aperture Correction Indicator, RBV 3; aa
140 Constant: 'b’
\141-142 ¢ A Direct or recorded MSS data: 'Db’ or 'Rb’
(®143-144 | MSS data acquisition site, 'a." 'G." or 'N."

@ MSS signal code:
1 = Linear data mode .
2 = Compressed data mode Not applicable for band 7
H = High gain eption
L= LO?N :ain o:tion } Not applicable for bands 6 and 7

@ No requirement for CCTs for Landsat 1 and 2 RBV imagery

@ Shutter setting code, applicable to Landsat 1 and 2 RBV annotation only:

Duration of Exposure (ms)
Setting
Camera 1 Camera 2 Camera 3
A 4.0 4.8 6.4
B - 586 6.4 1.2
c 8.0 8.8 8.8
D 12.0 12.0 12.0
E 16.0 16.0 16.0

@ Aperture correction indicator:
| = aperture correction in
0 = aperture correction out

@ Blank Field 1 data

@ MSS data for characters 79-80, as applicable
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Table 4-6A. SIAT Data File Records; Record 1 - SIAT Logical Tape Header

Byte Length Content Format
1 8 SIAT Number EBCDIC (ttadddnn)
9 10 Date of Tape Preparation EBCDIC (}lﬂdyfnmm}l&y)
19 10 Zero Binary
29 8 SIAT Number EBCDIC (ttadddnn)
37 8 RBV Tape Number EBCDIC (ttadddnn or blanks)
45 8 MSS Tape Number EBCDIC (ttadddnn or blanks)
53 2 Number of Data Files on Integer
Logical SIAT
55 2 Zero Binary
57 2 Zero Binary
59 2 Number of RBV/VTC Integer
61 2 Number of MSS/VTC Integer
63 2 Number of RBV/TFC Integer
65 2 Number of MSS/TFC Integer
67 2 Zero Binary
69 2 1st-64th RBV Scene ID’s EBCDIC addd-hhmmsK}
837 768 1st-64th MSS Scene ID’s EBCDIC addd-hhmmshly
1605 444 Zero Binary
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Table 4-6B. SIAT Data File Records, Record 2 - Processing Instruction Data

Starting Byte No. -
and Length (Bytes) Information Format
1 2 No. of Scenes Remaining, RBV/VFC Binary
3 2 No. of Scenes Remaining, MSS/VFC Binary
5 2 No. of Scenes Remaining, RBV/VTC Binary
7 2 No. of Scenes Remaining, MSS/VTC Binary
9 2 Not Used Binary Zero
1" 2 Not Used Binary Zero
13 10 Scene ID EBCDIC ndd-hhmms
23 10 Preceding Closest RCI ID from W.0. EBCDIC ndd-hhmms
33 10 Succeeding Closest RCI IF from W.0. EBCDIC ndd-hhmms
43 1 Mission No. (10r2) Binary
44 1 Day Number from Launch Binary (most significant
part; least signif. bit is 26)
45 1 Day Number from Launch Binary (6-bit least signif.
part; 6 bits avail.)
46 1 Hours of Day Binary
47 1 Minutes of Hour Binary
48 1 Tens of Seconds Binary
49 2 Not Used Binary Zero
51 8 Band 1 Information from PIAT W.0. EBCDIC 1aaaaabh
59 8 Band 2 Information from W.0. EBCDIC 2aaaaabb
67 8 Band 3 Information from W.0. EBCDIC 3aaaaab
75 8 Band 4 Information from W.0. EBCDIC 4aaaaaab
83 8 Band 5 Information from W.0. EBCDIC baaaaaab
91 8 Band 6 Information from W.0. EBCDIC 6aaaaaah
99 8 Band 7 Information from W.0. EBCDIC 7aaaaabb
107 8 Band 8 Information from W.0. EBCDIC 8aaaaabb
115 72 Special Instructions to Precision EBCDIC
Processing Operator from W.0.
187 1 Mission No. Binary
188 1 Day No. from Launch Binary (most signif. part;
least signif. bit is 26)
189 1 Day No. from Launch Binary (6-bit least signif.
part; 6 bits avail.)
190 1 Hours of Day Binary
19 1 Minutes of Hour Binary
192 1 Tens of Seconds Binary
193 1 Not Used Binary Zero
194 1 Not Used Binary Zero
195 6 Output Frame ID Same as Item 38
201 i Not Used Binary Zero
202 1 Not Used Binary Zero
203 2 Processing Code from SIAT Binary
Generation Work Order
205 2 Processing Code for MSS Binary
207 2 Polar Stereo Projection Hexadecimal
209 8 Flag Binary Zero

216 'l;otal Bytes

inter-Record Gap
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Table 4-6C. SIAT Data File Records,; Record 3 - Spacecraft Performance Data

Starting Byte No.
and Length (Bytes) Information Format
1 ] RBV 1 Mode of Transmission EBCDIC RBVb1ibba
9 2 RBV 1 Exposure Duration EBCDIC Xa
1 2 RBV 1 Aperture Correction Indicator EBCDIC ab
13 8 RBV 2 Mode of Transmission EBCDIC RBVbb2ba
21 2 RBV 2 Exposure Duration EBCDIC Xa
23 2 RBV 2 Aperture Correction Indicator EBCDIC ab
25 8 RBV 3 Mode of Transmission EBCDIC RBVhbb3a
33 2 RBV 3 Exposure Duration EBCDIC Xa
35 2 RBV 3 Aperture Correction Indicator EBCDIC ab
37 12 MSS 4 Mode of Transmission EBCDIC MSSb4bbbbbab
49 12 MSS 5 Mode of Transmission EBCDIC MSShh5bbbbah
61 12 MSS 6 Mode of Transmission EBCDIC MSSbhhhBbbhah
13 12 MSS 7 Mode of Transmission EBCDIC MSSbbhb7hbab
85 12 MSS 8 Mode of Transmission EBCDIC MSShbbbb8bab
97 2 MSS Sensor Gain Binary, bits 1 & 2 for bands
4 & 5 respect., 1= high
Bits 3-16 are zero
99 1 MSS Senser Encoding Binary, bits 1-3 for bands
4-6 respect. 1 = compressed.
Bits 4-8 are zero
100 1 Not Used Binary Zero
101 8 SPDT Tape 1D EBCDIC SPndddnn
109 4 MSS SUN CAL DAY EBCDIC 00DDD
113 48 MSS SUN CAL's SENSORS 1-24 Binary Scaled 2-12
151 36 Not Used Binary Zero
197 4 MSS SUN CAL DAY EBCDIC ‘bbb’
desired 'Fill' or 'BADb'
201 4 MSS SUN CAL FLAG EBCDIC 'DDD’

204  Total Bytes|
: | ,

Inter-Record GAP
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Table 4-6D. SIAT Data File Records; Record 4 - Annotation Block Data

Starting Byte No.
and Length (Bytes) Information Format
1 2 Day of Month Exposure EBCDIC nn
3 3 Month of Exposure EBCDIC aaa
6 2 Year of Exposure EBCDIC nn
8 3 Constant EBCDIC bCb
" 6 Latitude of Format Center EBCDIC ann-nn
17 1 Constant EBCDIC/
18 7 Longitude of Format Center EBCDIC annn-nn
25 3 Constant EBCDIC bNb
28 6 Latitude of Nadir EBCDIC ann-nn
4 1 Constant EBCDIC/
35 8 Longitude of Nadir EBCDIC annn-nnb
43 12 Blank Field 1 EBCDIC blanks
55 8 Sun Elevation at Nadir (Deg) EBCDIC SUNbELnn
63 6 Sun Azimuth at Nadir (Deg) EBCDIC bAZnnn
69 4 Satellite Heading (Deg) EBCDIC bnnn
73 6 Rev. Number EBCDIC -nnn-
79 4 RBV Data Acquisition EBCDIC a-1-
83 2 Blank Field 2 EBCDIC bb
85 2 Type of Orbit Data (Pred. or Defin.) EBCDIC a-
87 2 Biank Field 5 EBCDIC bb
89 13 Constant EBCDIC bNASABERTSbE-
102 10 Scene ldentification EBCDIC nddd-hhmms
112 1 Constant EBCDIC -
113 1 Blank Field 3 EBCDICDH
14 1 RC1 Images Calibration Level EBCDIC n {or blank)
115 2 Biank Field 4 EBCDIC bb
117 5 RBV 1 Mode (Birect or Recorded) EBCDIC 1bbaX (or blanks)
122 2 RBV 1 Shutter Setting, Aperture EBCDIC aa (or blanks)

124 6
130 2
132 6
138 2
140 5

144  Total Bytes
[

Correction Indicator

RBV 2 Mode

RBV 2 Shutter Setting, Aperture
Correction Indicator

RBV 3 Mode

RBV Shutter Setting, Aperture
Correction Indicator

MSS Mode (Direct or Recorded)
and Acquisition Site

EBCDIC bb2baX (or blanks)
EBCDIC aa (or blanks)

EBCDIC bbb3aZ (or blanks)
EBCDIC aa (or blanks)

EBCDIC baba- (or blanks)

Inter-Record GAP
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Table 4-6E. SIAT Duata File Records; Record 5 - RBV Computational Data

Starting Byte Na.
and Length (Bytes)

information

Format

1
9
17
19 |1
29
37
L

OO N

45
49
53
57
61
65
69
73
76 Ttital Bytes

AL, ALPD

Spacecraft Time of Exposure
Greenwich Mean Time of Exposure
Normalized Altitude Change

GMT Date of Exposure

GMT Time of Exposure

Latitude of Format Center
Longitude of Format Center

(10-6 Radians)

Latitude of Nadir (10-6 Rad )
Longitude of Nadir (10-6 Rad )
Spacecraft Altitude (meters)

GMT of Exposure (Milliseconds of Day)
S/C Flight Path Heading (10-6 Rad )
Pitch (10-6 Rad )

Roll (10-6 Rad )

Yaw (106 Rad )

4-hit BCD 00000dddhhmmssce
4-bit BCD 000dddhhmmssmmm0
Binary fraction

EBCDIC bddbmmmbyy

EBCDIC bhhmm:ss

Binary

Binary

Binary
Binary
Binary
Binary
Binary
Binary
Binary -
Binary

Inter-Record GAP

4-27




B-29

Table 4-6F. SIAT Data File Records; Record 6 - MSS Computational Data

Starting Byte No.
and Length (Bytes)

Information

Format

1
9
17

19
21
23
25
27
29
N
33
35
37

53

55
57
59
61

17
19

95
97

118
115
17
121
125
129

8
8
2

NN RNNNMNDNNMNDN

-

~N

-t
aNnNNN

S ANMNN

Spacecraft Time of Scene Center
GMT of Scene Center
Normalized Altitude Change at
Image Center - 13.80300

Same as 102 at I.C. - 10.35225
Same as 102 at I.C. - 6.90150
Same as 102 at 1.C. - 3.45075
Same as 102 at I.C. Time

Same as 102 at I.C. + 3.45075
Same as 102 at 1.C. + 6.90150
Same as 102 at I.C. + 10.35225
Same as 102 at 1.C. + 13.80300
Altitude (N.M./32) at time of 102
8 Values of Alt, at the times of
Items 103-110, respectively
Vehicle Roll at Image Center Time
{Rad.)

Vehicle Pitch at 1.C. (Rad)
Vehicle Yaw at I.C. (Bad)

Roll at Time of item 102 (Rad)
8 Values of Roll at the times of
Items 103-110, respectively
Pitch at time of Item 102 (Rad)
8 Values of Pitch at the times
of Items 103-110, respectively
Yaw at Time of Item 102 (Rad)
8 Values of Yaw at the Times of
Items 102-110, respectively
Image Skew (Rad)

Normalized Velcoity Change
Mean Pitch (10-6 Rad)

Mean Roll (10-6 Rad)

Mean Yaw (10-6 Rad)

Mean Pitch Rate (10-6 Rad/Sec)

4-bit BCO 00000dddhhmmssce
4-hit BCD 000dddhhmmssmmmO
Binary fraction

Binary fraction

Binary fraction

Binary fraction

Binary fraction

Binary fraction

Binary fraction

Binary fraction

Binary fraction

Binary

Binary, 2 bytes per value

Binary fraction

Binary fraction

Binary fraction

Binary fraction

Binary fraction, 2 bytes
per value

Binary fraction

Binary fraction, 2 bytes
per value

Binary fraction

Binary fraction, 2 bytes
per value

Binary fraction

Binary fraction

Binary

Binary

Binary

Binary
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Table 4-6F. SIAT Data File Records; Record 6 - MSS Computational Data (Continued)

Information

Format

Starting Byte No.
and Length (Bytes)
133 4
137 4
141 4
145 4
149 4
153 4
157 4
161 4
165 4
169 4
173 4
17 4
181 4
185 4
189 4
193 (44
237 |44
281 a4

324 Total Bytes
1

1Mean Roll Rate (10-6 Rad/Sec)

Mean Yaw Rate (10-6 Rad/Sec )
Mean Altitude (meters)

Mean Altitude Rate (Meters/Sec )
GMT Milliseconds of Day at ICT -
25 sec

GMT Milliseconds of Day at ICT -
25 sec

GMT Milliseconds of Day at

{CT - 15 sec

GMT Milliseconds of Day at

iCT - 10 sec

GMT Milliseconds of Day at

ICT - 5 sec

GMT Milliseconds of Day at

ICT

GMT Milliseconds of Day at

ICT + 5 sec

GMT Milliseconds of Day at

ICT + 10 sec

GMT Milliseconds of Day at

ICT + 15 see

GMT Milliseconds of Day at

ICT + 20 sec

GMT Milliseconds of Day at

ICT + 25 sec

Eleven Values of Nadir Latitude at Times
of items 160-170 (10-6 Rad)
Eleven Values of Nadir Longitude at Times
of Items 160-170 (10-6 Rad)
Eleven Values of Altitude at Times of
Items 160-170 (Meters)

Binary
Binary
Binary
Binary
Binary

Binary
Binary
Binary
Binary
Binary
Binary
Binaty

Binary

Binary °

Binary
Binary

Binary

inter-Record GAP
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Table 4-6G. SIAT Data File Records, Record 7 - Image Location Data

Starting Byte No.
and Length (Bytes)

Information

Format

1 10
11 50
61 60
121 60
181 60

241 240

480 Total Bytes
[

RBV, Top Edge, Tick Mark No. 1
Position and Annotation

5 More Tick Marks as Above for

the Same Edge

Same as Items 204 and 205 for

the Left Edge

Same as Above for the Right Edge
Same as Above for the Bottom Edge
Same as items 204-208 for the MSS

Binary fraction and EBCDIC

END OF FILE
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123458789101 1213381518137 18190 2027 22 23 24 25 26 27 20/34-48- - -51/%7-72

SAMPLE — (SC, A8 01,810 0,,1,2 1 1 0 11 & 82 5,A 7,0 DATA  DATAGUALITY
i (IF DESIRED)
PLATEORM * TIME COOE DATA FORMAT
0 SATELLITE
. T MESSAGE
usen QUALITY
0
ENCODED
CARD ERROR FLAG
10
STATION
0
CARD COLUMN CONTENT CARD COLUMN CONYENT
VC TO INDICATE VARIABLE REQUEST
12 CARD 104 5¢'10 INDICATE STANDING REQUEST 13 MESSAGE QUALITY WHERE:
35 USER 10-CONSISTING OF § ALPHANUMERIC 9 = LONG OR SHORT MESSAGE DEPENDING
CHARACTERS : UPGN SYNCHRONIZATION
710 PLATFORM 10-CONSITING OF QCTAL 17 = TOINDICATE LOWEST TD
DIGITS RANGING FROM 6001-7750 HIGHEST QUALITY
N SATELLITE ID, 1 FOR ERTS A, 2 FOR ERTS B 2% DATA FORMAT FLAG WHERE:
10 TIME CODE-REPRESENTING THE GREENWICH MEAN TIME WHEN 0 = OCTAL DIGITS (22 COLUMNS}
THE PLATFORM YRANSMITTED THE DATA. H = HEXIDECIMAL DIGITS (16 COL UMNS)
THE FORMAT IS YODDHHMMSS WHERE: 28 - 49 FOR OCTAL OIGITS,
Y - YEARDF RECEPTION, LAST 4.4 FOR HEXADECIMAL DIGITS
DIGIT OF YEAR RANGING FROM
00D - JULIAN DAY OF YEAR st QUALITY DIGITS (IF DESIRED) FOR
HH = HOUR OF DAY ocTaL
W - MINUTES 57.72 QUALITY DIGITS (IF DESIRED) FOR
$S - SECONDS HEXADECIMAL
2 RECEIVING STATION 1D WHERE:
& = FAIRBANKS, ALASKA
G = GOLDSTONE, CALIFORNIA NOTE: PRESENCE OF QUALITY BITSIS
W = GREENBELT, MARYLAND (NTTF) OPTIONAL, SUB ECT TO USER
22 ENCODED ERROR FLAG WHERE: REQUEST

INVALID RECEIVING STATION ID

2 -
16 = [INVALID PLATFORM iD

8 = POORPLATFORM QUALITY
4 = INVALID TIME CODE

2 = DUPLICATE MESSAGE

1 = REDUNDANT MESSAGE

0

= NO ERROA DETECTED

ASUMMED VALUE TO INDICATE ANY
COMBINATION OF THE ABOVE :
63 = ALL OF THE ABOVE CONDITIONS
EXIST

QCTAL DIGITS ARE GIVEN FOR
66 BITS WHERE LAST TWO

BiTS ARE ALWAVS ZERD.
OCTAL PLATFORM ID IS BASED
ON 12 BIT SYNC/ID BIT PATTERN

Figure 4-20. DCS Data Card Format

——— MM/DD/YY - INDICATES THE MONTH, DAY AND YEAR THAT
THE LISTING WAS GENERATED
r—— USERID - FOUR ALPHANUMERI
ul C CHARACTERS
EATS DATA COLLECTION SYSTEM USER PRODULTS MWWDD/YY USER 1D: PAGE NN
PLAT SAT TIME  $74 PLAT 1D ERROR  MSG (ENCODED) DATA (AKD QUALITY) BITS \IF ENCODED, ENCODE FLAG = *) ENCODE
1] 0 CoDE 0 QUALITY  FLAG  QUAL 0 = DATA BIT = J/QUALITY BIT = 1 (GOOD) 2 = DATA BIT = Q/QUALITY BIT = DI{PODR) FLAG
1 =DATA BIT = 1/QUALITY BIT = 1 {GOGD) 3 = DATA BIT = 1/QUALITY BIT = 0(POOR)
[ WSS Ry U oy SN | S J (S N SN |} S |} WU 3 NSO iy SR % SN NN I SN A A
 / = -
PLATFORM (D QUALITY 1777 INOICATES THAY QUALITY IS 1 ERROR FLAG AND THE MESSAGE QUALITY FORMATS ARE THE
GOOD. ANYTHING ELSE INDICATES SAME AS DESCRIRED FOR DCS CARDS. IF DATA QUALITY IS IN.
THAT QUALITY IS QUESTIONASLE CLUDED, AN ASTERISK WILL APPEAR IN THE “ENCODE FLAG"
(OCTAL REPRESENTATION OF 12 COLUMN (F DATA QUALITY DOES NOT APPEAR. THE DATA WitL

— TWE PLATFORM (D SATELLITE 0, TIME CODE, ANO THE STATION
CODE ARE OF THE SAME FORMATS DESCRIBED FOR DCS CARDS.

GUALITY BITS ASSOCIATED WITH
THE 12 BiT PLATFORM 10}

APPEAR AS EIYHER §0R 1. IF DATA QUALITY IS INCLUDED
20R IMAY ALSO APPEAR. EACH OF 8 BRACKETS REPRESENTS
A GROUPING OF 8 3ITS.

Figure 4-21. DCS Computer Listing Format
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-@— TAPE MOTION

. .

“w o s
—d - Pd
s e e
= ese & s
o =
z z| |2

TAPE 480-WORD 480-WORD 480-WORD 480-WORD

HEADER DATA DATA DATA oo e DATA

RECORD RECORD RECORD RECORD RECORD

HEADER RECORD FORMAT: SEE BELOW
RECORDS CONSISTS OF 60 DATA BLOCKS {480 WORDS).
EACH DATA BLOCK CONSISTS OF ONE DATA TRANSMISS:ON (8 WORDS).
EACH DATA TRANSMISSION IS IN THE FORMAT SHOWN IN TABLE 36,

HEADER RECORD FORMAY:

STANDING REQUEST TAPE:
VARIABLE REQUEST TAPE:

WHERE:
a i
4]
nn
uuvuu
YY/MM/DD

= SATELLITE NUMBER (1 OR 2)
= DAYSSINCE LAUNCH (OF TAPE GENERATION)
= SEQUENCE NUMBER (BINARY)
= USERID
= DATE OF PROCESSING (STANDING ORDER) OR DATE

OF REQUEST (VARIABLE REQUEST)

STaDDDnnUUUUYY/MM/DD
VTaB0DralLUUYY/MM/DD

Figure 4-22. DCS Magnetic Tape Format

Table 4-7. DCS Data Transmission Format

Word

W -~ e

Bit

0-15
16-23
2431

0-15
16-31
07
8-15
16-23
243
05
6-15
1617
18-23

24-28
29-3

03
631
0-31
L 1)

item

Platform 10
Satellite ID
Station 1D

Days (GMT)
Days Since Launch

Hours (GMT)
Minutes (GMT)
Seconds (GMT)
Year (GMT)

Not Used

Platform {D Quality

Not Used

Error Flags:
Invalid Station Code
Invatid Platform ID
Poor Platform 1D Quality
lavalid Time Code
Duplicate Message
Redundant Message

Not Used

Message Quality

Data Bits
Dats Bits
Quality Bits
Quality Bits

Mode

Binary
EBCDIC
EBCDIC

Binary
Binary

Binary
Binary
Binary
EBCDIC

Binary
Binary
Binary
Bit 18
Bit 19
Bit 20
Bit 21
Bit 22
Bit 23
Binary
Binary
Binary
Binmry

Binary

Format

XXXX
1or2
A/G/N

1-366
N

023
059
059
0-9

g
IFF
0

{1=set)
{1=set)
{1=set)
(1=set)
{1=set)
{1=set)

97
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APPENDIX D
MSS COMPUTER COMPATIBLE TAPE

D.1 INTRODUCTION

MSS data are acquired at a real-time rate of
approximately 600 kilobits/second per chan-
nel on an Ampex FR1928 muiti-track re-
corder. Conventional computer systems and
peripherals operate in the range of 0.25 to 1
megabit/second. Computer compatible tape
(CCT) products must therefore be recorded
at substantially lower bit rates. This is ac-
complished by means of an off-line process in
order to maintain the IPF information handl-
ing capacity at the 600 kilobits/channel rate
for the generation of photographic film pro-
ducts.

As a first step in the off-line process, the
MSS data are reproduced at the 600 kilobit/
channel rate, reformatted and recorded on a
high density digital tape recorder (HDTR).
The resulting high density digital tape
(HDT) is then reproduced at a substantially
lower tape speed to achieve the necessary bit-
rate reduction for CCT generation. This HDT
is the principal data input to the IPF Digital

Subsystem that generates CCT products of
selected MSS scenes for the user community. -

In the original IPF configuration, MSS video
tapes were reformatted and recorded on a
Newell HDTR. This recorder and associated
data reformatting equipment have been super-
seded by Ampex FR2014, 14-track recorders
and new formatting and interface electronics
that produce the exact equivalent of the
Newell HDT. A block diagram of the pre-
vious and present configuration is illustrated
in Figure D-1.

The Newell HDT format consists of four data
tracks that are simultaneously accessible. In
all, 16 tracks are available, four at a time.
Each track, in a group of four, represents one
spectral band of MSS data (for Landsat 1 and
2). Scan lines are in a sequential (series) for-
mat on each track. For Landsat-C, quarter
scan lines of band 8 are interleaved after
every three full scan lines in each track. The
serial scan line format permits simultaneous

FORMER IPF CONFIGURATION

——— ——
|
|
| MSS TELEMETRY
/ PROCESSOR (MTP)
FR1928 L—
MSS-VTR —— — -
TAPE r
\I- MS5 PREPROCESSOR
(.

? UNE PREANE,
w2 TINE
™3 LiNE
e LINE
™®s Ling
we LINE

ROTE 1) OTHER SAROS ON TRACKS 712, 1118 AWD 1826
e 7 LIWES MULTIPLERED

ll% N

1]

o
.l

DIGITAL / .
| sussysTem
Ry
[T) ™ wrenrace °
| (osn

7 N
MSS VIR 25 TRACK OIGITAL TAP FDRMAT - 500 XILOMITS/SEC PER TRACK
LINE START SYNC () BYTH —— DIGITAL
11ME CODE 15 BYTE} LINE LENGTH CODE (3 BYTES! SUBSYSTEM
ViBEQ GATA CAL WEDGE (tAPPROX 1900 8YTES)
_APPROX T30 YTES}

NEWELL
HIGH DENSITY
DIGITAL RECORDER

Figure D-1. Previous and Current Equipment Used to Produce Computer Compatible Tape Products



" access to picture elements in each of the four
spectral bands as required to implement the
spectral interleaving format of CCTs.

The Newell HDT format differs from the
FR1928 format in a number of additional as-
pects. During the reformatting process, space-
craft time code is removed. in piace of time
code, a frame identification (Frame ID) is
inserted at the beginning of each frame of
data to uniquely identify the center point of
the image and the time of imaging. Time
code per se is no longer of interest because
the “framing” of the MSS continuous strip
image is performed in response to a specific
user request. Each group of scan lines is aiso
preceded by the appropriate six words of cal-
ibration coefficients and line length correc-
tions prior to processing of the scan line data.
All pixels remain encoded as six-bit bytes
(whether acquired in compressed, linear, high
or low gain modes). Decompression (if re-
quired), calibration and line length correction
remain to be accomplished within the Digital
Subsystem, As recorded, the HDT MSS data
also retain the data as acquired with spatial
misregistration.

The Digital Preprocessor Subsystem (DPPS),
FR2014 recorders and Digital Subsystem In-
terface (DSI1) produce an output to the Digital
Subsystem identical to that produced by the
Newell HDT; however, the DPPS permits ex-
tensive quality control and data screening not
possible in the earlier subsystem. For ex-
ample, detection of substandard scan line data
automatically results in substitution of the
previous scan line. “Quick-look” assessment
of digital imagery is also provided by means
of a cathode-ray tube display and storage tube
for image retention. Although the DPPS re-
moves spatial misregistration and retains time
code for high speed tape search, the output
signals from the DSI are again spatially de-
registered and stripped of time code to match
the Newell format.

D.2 NEWELL HDT FORMAT STRUCTURE

To assist in understanding the production of
CCTs, the Newell HDT format, now simulated
by the FR2014 recorder and DSl as seen by
the Digital Subsystem, is described.

An MSS scene is defined as an area of 185.2 x
185.2 km (100 x 100 nm) represented by
four spectral bands of video data for Landsat
1 and 2 and by five bands of data for Landsat-
C. In digital terminology, spectral band and
frame have become synonymous. The Newell
HDT, or its equivalent, generally contains up
to five scenes. Each spectral band or frame of
the scene is made up of 390 successive space-
craft mirror sweeps. Each mirror sweep re-
sults in six scan lines of video per spectral
band (Landsat 1 and 2). Therefore, each
band or frame contains 2340 scan lines (390 x
6). For Landsat-C, bands 4, 5, 6 and 7 each
contain 2340 scan lines. Band 8, using two
detectors, is represented by two scan lines per
mirror scan. Therefore, 780 scan lines of
band 8 represent a 185.2 x 185.2 km area.

Previously, the spacecraft scan mirror fre-
guency was stated to be 13.620 Hz/second.
Nevertheless, the angular velocity of the mir-
ror is subject to perturbations during the ac-
tive scan period. This period was established
by two angular position sensors that initiate
and preempt detector sampling. The result
is a slight variation in the number of bytes
(samples or pixels) per scan line. Landsat 1
performance typically results in 3,216 + 6 and
Landsat 2 in 3,247 + 5 bytes/scan line. The
digital systems within the IPF can accommo-

date up to 3800 bytes per band 4 through 7
scan line.

For illustrative purposes, 3220 pixels (bytes
or samples) will be chosen for use in the
following HDT format discussion. Each band
8 detector, having one-third the resolution of
band 4 through 7 detectors, will generate




1073 bytes per scan line. Band 8 data are to
be added into each track of the four track
HDT in the form of one quarter scan line
(QSL) which will therefore be composed of
268 bytes. The digital equipment was design-
ed to accept up to 300 bytes per QSL. Fig-
ures D-2A & D-2B show the encoding of one
scan line of video data. If calibration data
were acquired during the mirror scan that is
associated with that scan line, six of the cali-
bration wedge bytes precede the scan line. |f
no calibration was present, six bytes of all
zeros are substituted (Landsat 1 and 2). Itis
important to appreciate that each video scan
line was generated from a specific spacecraft
detector. During prelaunch calibration, six
bytes of calibration wedge data were uniquely
selected for that detector. Therefore, the six
bytes of calibration data preceding the scan
line on the HDT are unique to that scan line
{and subsequent scan lines derived from the
same detector); however, when a defective
scan line is replaced by the DPPS, incorrect
calibration of that scan line will occur. Cali-
bration bytes associated with band 8 are aiso
listed as six bytes; however, only two levels
corresponding to two temperatures, that of
the cold (self-look) reference and the hot
(shutter housing) reference, will be obtained.

Figure D-2A pertains to any scan line in
bands 4 through 7 of Landsat 1 or 2. Figure
D-2B details the format for a band 8 scan
line.

The complexity of the scan line format can be
explained as follows: Preamble A is present
to permit byte synchronization prior to ac-
quisition of line synchronization (LS). Line
synchronizations 1, 2 and 3 establish that cali-
bration data are about to be presented fol-
lowed by line fength code LLC. Gap A pro-
vides a time period during which computa-
tions can be performed to arrive at radio-
metric calibration gain and offset coefficients
as well as a computation of the number of
bytes to be permitted in the next scan line to
be processed. Preamble B again establishes
byte synchronization and LS 1, 2 and 3 are
precursors of data. Using the value of 3220
bytes per scan line and the maximum design
value_of 3600 picture elements, there will be
3220 bytes of video followed by 380 bytes of
fill code. (In practice, the number of bytes
per scan line on the HDT is a variable that is
to be subsequently given a fixed value during
CCT generation). The 3600 bytes of video
and fill code are followed by an End of Line

FIXED

]

w «» % o Sm had £ @ a o0 :m :Vi
- 8 on wown b} = G 4] w @» b 2 -4 w 9 »
gl FE | S | BE | SE (S8 S5 26| SE | EE [ 25 | woeo yruu[SuE (28
8= = | o= 23| a3 f28=) 33| 3= ) 22 | £ | 22 e | 238 | SR
g ®) z= | =22 | 22 | 5= ¥~ 3| g= | 2= | == | 2= 8YTES [gvTes| “ ®
IL‘ 7,490 BYTES (EXACT) AJI
Figure D-2A. Bands 4, 5, 6 & 7 Scan Line Format
FIXED
)
BYTES
- ~ - bl @ - ~ ~ [

woow on Qwn Qo < = & w o oo on on » -
B S]] zw 2w 2w 28 | 2wl <« SE | 2w zw zw Lol op
EEl BE | B | 5E | S | S8El x5 | B EE | EE | EE | vwoeo yen| SR 2F
w2 we | ga | wa 42 | Lol o =2 ) ws | w® w® 268 2 |52} 33
E 2] 22 | T2 | 22 | Fo |E~] "F | Le | Ze | Ee | EHe el 9z
a S = = P s < S S e BYTES BYTES! -

PREAMBLE A: 001010
LINE SYNC 1: 100081
LINE SYNC 2: 110111
LINE SYNC 3: 000108

2,108 BYTES {EXACT)
Figure D-2B. Band 8 Scan Line Format

CAL. DATA: B BIT BYTES

LINE LENGTH CODE: §-BIT BYTES
GAPA:
PREAMBLE B: 001181

101010

VIDEQ: 8-BIT BYTES
FILL: 011118

END OF LINE: 011118
GAPB: 101010

Figure D-2. MSS Scan Line Format on HDT
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Code (ELC). Gap B, 2898 bytes of 101010
permits retention of byte synchronization
prior to receipt of the next Preamble A. For
Landsat 1 and 2 the total number of bytes per
scan line, with necessary computer synchron-
izing codes and gaps, amounts to 7490 bytes/
track (where four tracks represent the four
spectral bands). For Landsat-C, band 8 video
is multiplexed into the four data tracks.
After every three full scan lines (bands 4
through 7), a quarter scan line of band 8
video is inserted. Because the resolution of
the band 8 detectors is one-third that of de-

tectors in bands 4 through 7, approximately
1073 samples (per detector) were acquired
during one mirror scan. A QSL therefore con-
tains about 268 bytes. These 268 bytes of
video are followed by 32 bytes of fill. Again,
the number of actual video bytes will vary
with mirror velocity, as indicated by the line
length code and will be set to a fixed value/
mirror scan during CCT generation. Detector
A and detector B video for band 8 are al-
ternated. That is, the first QSL will represent
detector A data. After three full scan lines of
bands 4 through 7 data, a QSL of detector B
data in the format shown in Figure D-2B will
be present. Each QSL of band 8 format will

The four HDT data tracks are depicted in
Figure D-3. Misregistration of the video data
between spectral bands still exists but is not
illustrated.

Figure D-4 depicts the HDT scene format.
Each scene is preceded by a scene gap code
that establishes synchronization of the com-
puter at the bit level. Scene synchronization
establishes synchronization at the byte level.
Scene ID identifies the image in terms of the
time of acquisition measured from the day of
spacecraft launch, in days since launch, hours,
minutes and seconds; the spacecraft is also id-
entified.

The 185.2 x 185.2 kilometer scene required
390 spacecraft mirror scans. Each mirror
scan generated six scan lines in each of the
four spectral bands, bands 4 through 7. Each
of these scan lines is encoded as 7490 bytes.
in band 8, two scan lines are produced per
mirror scan. One quarter scan line is encoded
as 2106 bytes. Therefore one track of video
data on the HDT contains (390 x 6 x 7490 +
390 x 2 x 2106) = 19,169,280 bytes

contain exactly 2106 bytes. (exactly).
" BYTES/TRACK —+- 7490 +— 4% '.l‘- 7490 ‘+‘ 2106 —’i'— 7490 —+— 7430 -"‘- 7490 —1S— 2108 —.i
SCAN SCAN -SCAN 1ST asL SCAN SCAN SCAN 1ST Qs
TRACK 1 LINE 4 LINE2 LINE 3 DET. A LINES LINES LINEG DET. 8
BAND & BAND 4 BAND & BAND 8 BAND & BAND 4 BAND 4 BAND 8
SCAN SCAN SCAN 2ND asL SCAN SCAN SCAN 2ND QSL
TRACK 2 LINE 1 LINE 2 LINE 3 DET.A LINE 4 LINES LINEG DET.B
BAND 5 BAND S BAND 5 BAND 8 BAND S BAND 5 BAND 5 BAND 8
SCAN SCAN SCAN 3RO QSL SCAN SCAN SCAN JRD QsL
" TRACK 3 LINE 1 LINE 2 LINE 3 OET.A LINE 4 LINE§ LINE§ DET.B
BAND 6 BAND 6 BAND 6 BAND 8 BAND 6 BAND 6 BAND 6 BAND 8
SCAN SCAN SCAN 4TH asL SCAN SCAN SCAN 4TH ASL
TRACK 4 LINE 1 LINE 2 LINE 3 DET. A LINE 4 LINES LINEG DET. B
BAKD 7 BAND 7 BAND 7 BAND 8 BAND 7 BAND 7 BAND 7 BAND 8
NOTES: QSL = QUARTER SCAN LINE; 1 BYTE = 6 B1TS = 1 PIXEL
SEE FIGURES D-2A, D-28 FOR SCAN LINE FORMAT.

Figure D-3. Newell MSS HDT Format
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s 1450 FT.
\
——=A -
LOAD SCENE 1 SCENE 2 SCENE S LDAD
GAP BANDS 4-7 LANDSAT 182 22,989,376 S - § MAX /6 TRACK GAP
WOFT BANDS 4.8 LANDSAT ¢ BYTES/TRACK . 300 FT
A
—— el \ e
— P -~ =~ ~— L
- - -
S—
- ALL BYTE DATA REFERS TO EACH OF THE -~ —
- 4 HDT TRACKS ~
- -~ .
- —
SCENE SCENE SCENE IMAGE DATA, 330 MIRROR SWEEPS END OF
Gap SYNC 0 = 2,380 SCAN LINES PER BAND (4,5, 6, 7) SCENE
38 x 108 2 8BYTES 328YTES PLUS 780 SCAN LINES, BAND 8 32 BYTES
BYTES
lc———— 18,169,280 BYTES —————o|
SCENE GAP: 101010 SCENE 1D, 8.6 6IT BYTES, REPEATED 4 TIMES
SCENE SYNCH: 101110
END OF SCENE: 111000 BYTE NO. ITEM DEC. BYTE NO. ITEM DEC.
1 VEHICLE® 1,2 5 MINUTE 0-58
*LANDSAT 1, 1 BECOMES 5 2 MISSION DAY 063 . 6 SECONDS 0.5
LANDSAT 2, 2 BECOMES 6 ) AT 989 3 MISSION DAY (X0 7 NOT USED
LANDSAT C, 3 BECOMES 7 8 HOUR 623 8 NOT USED
**TREATED AS A SINGLE 12 BIT WORD, MAX. VALUE 999

Figure D-4. MSS HDT Scene Format

The next step in CCT production is to use the
HDT, or its equivalent, as the input to the
Digital Subsystem with a playback tape speed
such that the bit rate/track will be nominally
250,000 bits/second.

D.3 DIGITAL SUBSYSTEM

The Digital Subsystem processes selected MSS
scene data into computer compatible tape
(CCT) form. The MSS data input is either the
Newell HDT or its equivalent from the MSS
preprocessor (MPP) FR2014 as modified to
the Newell format by the Digital Subsystem
Interface Unit. Input bit rate is 250,000 bits/
second/track, which is accompiished by re-
ducing tape playback speed relative to record-
ing speed.

The Digital Subsystem accomplishes the foi-
lowing:

1. Band-to-band spatial registration
2. Line length correction

3. Data decompression (if required) and

subsequent radiometric correction

Interleaving of the spectral data

5. Annotation of each tape

6. Detection and printout of processing
errors for CCT quality controtl

e

A block diagram of the Digital Subsystem is
shown in Figure D-5. n addition to the MSS
video input, other inputs include an auxiliary
paper tape, punched cards, teletype instruc-
tions and an eight-track image annotation
tape. Output consists of four computer com-
patible tapes per four-band input scene. Each
output tape represents a 25 x 100 nautical
mile area of the imaged scene and contains all
spectral data associated with that image seg-
ment.

The auxiliary paper tape informs the Digital
Subsystem of the number of bytes in the
longest scan line in each scene to be process-
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ATAPE CCY
FORMAT
e atntale bbbty .=
' DIGITAL SUBSYSTEM L
[}
i 1
\ |
| 1. ANNOTATE DIGITAL IMAGE i
2. CORRECT DIGITAL DATA
81T RATE IS
FRZOIA sopererem | © ». LINE LENGTH ADSUST | Y
mss 250,900 bee OMPRE |
HOT INTERFACE PER TRACK b. DECOMPRESS i
uNIT ¢. CALIBRATE
4. REGISTER |
<AUXILIARY PAPER TAPE 3. INTERLEAVE SPECTRAL BANDS AND i
WSS CALIBRATION - RECORD ———
AND TTY KEYBOARD 1 4. ERROR DETECTION AND PRINTOUT i
OMPRESSION
ity CARD INPUTS ! i
i }
' 1
' f
i [}
S S, )
cer | et | cer | cer
R 2 3 4
~WEST o | ALL | ALl | Aw | ALl [~EAST
*AUXILIARY PAPER TAPE INFORMS THE Mss L MsS | Mss | mss
OIGITAL SUBSYSTEM OF Npex, THE BANDS|BANDS|BANDS|BANDS
HIGHEST BYTE COUNT IN A LINE SCAN
WITHIN THE SCENE TO BE PROCESSED.
}‘—— 100 nm il

Figure D-5. Overview of Digital Subsystem

ed. Actual line length of each scan line is en-
coded on the HDT.

The teletype permits error printouts as well as
being the means of entering non-standard pro-
cessing instructions. Both the teletype and
punched card input can be used to load the
subsystem with prelaunch and/or modified
sensor calibration data.

The first step in processing the data is to ex-
tract calibration wedge and line length codes
so that these data precede the scan line data
to which they are to be applied.

D.3.1 Band-to-Band Spatial Registration

As previously described with regard to MSS
sensor sampling, there is a two byte delay be-
tween data in adjacent spectral bands. Con-
sequently, band 4 data precede band 7 data
by six bytes. Registration is re-established by

inserting dummy bytes at the beginning and
end of the scan line as illustrated in Figure
D-6.

I XXXXXXXXX . . . ... XXX000000

.. - XXXXx0000
BAND 7
NODOXXXXX . . . .. XXXXXXX00

BAND &

000000XXX . . . c XXXXXXXXX
BAND S
BAND 4

KEY:

[ 00XXXXXXX . . .

0 = REGISTRATION FILL CHARACTER
X = VIDEO DATA BYTE

Figure D-6. Position of Registration Fill
Characters in Spectral Bands

D.3.2 Line Length Correction

Line length correction is applied to each MSS
scene as it is processed. During previous pro-
cessing of the scene by the Initial Image Gen-




eration Subsystem, a determination was made
of the greatest number of bytes associated
with a scene scan line. This number, N,
which is supplied by the auxiliary paper tape
input, is used as foilows:

Nmax = Number of bytes in the longest
scan line

LLC = Number of bytes in the scan line
to be processed

CLL = Corrected line length

The corrected line length must be a multiple
of eight because the output CCT format con-
tains two bytes each from bands 4 through 7
interleaved as eight-byte groups. The CLL
must also be a multiple of three because band
8 data have one-third the resolution of bands
4 through 7 data, and a quarter scan line of
band 8 data is to be multiplexed into the out-
put tape after every three full scan lines of
bands 4 through 7 interleaved data (across
four tapes). Therefore the CLL must be a
multiple of 24,

After insertion of six dummy bytes, to restore
band-to-band registration, the number of
bytes in the longest scan line is Nmax * 6-

The CLL is expressed as 24 times the largest
integer in

Nmax * 6 * (23)
24

where 23/24 provides high roundoff.

The correction to the individual scan lines is
accomplished by the addition of synthetic
video bytes at regular intervals within a line.
The interval between bytes is the integer value
of

LLC
CLL - (LLC +6)

A=

The initial deltas must be adjusted to main-
tain spectral registration. Let

Ap=14-2b

where b is the spectral band number (4, 5, 6
or 7). Then

A =A'Ab

initial
The synthetic byte is inserted by repeating
the preceding byte. Because the byte count,
as determined by the mirror period, remains
constant over many months, comparisons of
multi-temporal data in user change detection
processing will seldom if ever exhibit the
presence of synthetic bytes. '

D.3.3 Decompression

if data are acquired in the compressed mode,
the inverse of the spacecraft compression is
applied to both video and calibration wedge
signals before calibration.  Regardiess of
whether the data were acquired in linear or
compressed form, one byte contains six bits.
Decompression is accomplished in the Digital
Subsystem computer by means of a table
look-up routine. The input byte, value 0-63,
is output as 0-127. Two decompression tables
are employed. One table serves band 4 and 6
data. The second table serves band 5. Both
bands 7 and 8 are acquired linearly and do
not require decompression.

To permit interleaving of spectral data, as
eight-bit binary words, linear and decom-
pressed data are represented as indicated
below.

LINEAR

[l X [X[x[x[x]x]

f 2 3 45686 708

DECOMPRESSED

Lol xIxIxTx]x[xTx]

t 234 56867 ¢

THE X'S REPRESENT THE VIDED DATA BITS IN THE WORD. THE BITS IN THE
DIAGRAM WHICH CONTAIN THE 0'S ARE USED TO INDICATE FLAGS (E.G., 111111
18 USED AS THE REGISTRATION FILL CHARACTER).




D.3.4 Calibration

From preflight calibration tests, during which
the MSS detectors were used as transfer de-
vices between a standard radiance source and
the MSS internal calibration lamp, the radi-
ance at selected calibration word counts and
the maximum radiance to be assigned to each
spectral band were determined. Rewi is the
internal calibration iamp radiance as modi-
fied by the calibration wedge at word count
“i"". Rppax i$ the maximum radiance assigned
to a specific spectral band and that value of
radiance produces a digital count of 63 for
linearly acquired data and a digital count of
127 for decompressed data.

The *‘best fit” straight line relating relative
radianc? Rewi/Rmax: at calibration wedge
word “i” is determined by a six point regres-
sion analysis for each detector.

R__.
= CWi

VCWI at+hb——=2
max

6
b = E D; Vwi (gain coéfficienf)
i=1

6

a = E C; V.wi (offset coefficient)
i=1

where

6

6 Rewi R z Rewi

Rmax . Rmax
D. = i=1

! 6 6
6 Rewi V2 . E : Rewi )‘4
i=1 Rmax i=1 Rmax

41

6 6
(RCWI )2 Rcwi Z RCWI
C i=1 Rmax/ ~ Rmax i=1 Rmax
! 6
b (5 e
i = Rmax i=1 Rmax

Note that D; and C; are solely dependent on
prelaunch determined radiance values. The
C; and Di values can therefore be calculated
and stored in table look-up form. For each
of the 24 detectors there are six pairs of C;
and Di values.

Due to the presence of noise on received
calibration voltage values, the values of *a”
and “b" are smoothed according to the
following equations. *“n” is the number of
the estimate and corresponds to the number
of calibration wedges that have been pro-
cessed to the current position in the scene.

ag (1) = a (1) = value of “a” computed from
the first calibration wedge data encountered
at scene processing initiation (n = 1).

3 (n) =4 (1) + 1/n [a (n) -5 (n-1) ]
for 1< n«16

3 (n) =4, (n-1) + 1/16 [ a (n) -3 (n-1) |
for 16 <n<195 (calibration wedges)

where Qs (n) = n th estimate of “‘a”

a (n) = calculation of ‘a”” based solely
on the n th set of calibration
data received.

Up to and including n = 16, the successive
values of ’a\s are the average of all the com-
puted values of a(n). That is

Qs (n) = 2l +a2+...+an),n <16

n




Similarly,

/Bs (1) = b(1) = value of “’b’* computed
encountered at scene pro-
cessing initiation.

B, (m =B, (n1) + L [bim) -bg (n1) ]
n

for 1< n<g16

N N A
bg (n) = by (n-1) + 1/16 [ b(n) - by (n-1) ]
for n>16

The best fit straight line is now expressed as

Vewi = [’a\s(n) + /t\’s(") ';CM]

max

Note that the values of /a\s (n) and /Bs (n) are
constant if the calibration wedge voltages are
absolutely constant. In practice, the presence
of noise on the V. will re/s\ult in consider-
able variation in 4 (n) and bg (n) until the
filter has averaged over many V.. inputs.
Therefore, one should not expect that radio-
metric corrections at the beginning of a scene
will be similar to those in later portions of the
scene. Whenever HDT processing is ini-
tialized, this effect will be observed. Adjacent
scenes in the same orbit can exhibit this effect
in start-up and overlap regions if processing of
the southernmost scene required a change in
input HDT.

The relation between V. and Rcwi/R

allows correction of actual scene data.
suming linear system operation,

max
As-

Rmax

By(n)

‘Rewi =

[Vcwi - /a\s(")]

or for scene radiance values R,

R [vr - é\s(n)]

max

R =
bytn)

where V_ is received scene voitage. The cor-
rect value of V|, V, that should have been
received in response to scene radiance R, is

R

max

¢~ Ko

Ko = 63 for linearly acquired data and 127
for compressed data. Then

R= VC Rmax

Ko

Equating the two values of R

Ve Rmax _ Rmax Vv -’a\(n)
K. f.m [©°
C bs
from which
K A
V. = ~2 |V, -3(n)
¢ Byn) [ ’ ]

The Digital Subsystem performs the above
correction on the output of each detector. If
detector-to-detector striping is present, the C;
and D; values must be slightly aitered from
the preflight calibration values.

D.3.5 Sun Calibration

Up to this point in the calibration process, it
has been assumed that the internal MSS cali-
bration lamp emits constant radiance for the
life of the spacecraft. In practice, lamp
radiance is likely to exhibit a long term drift.
Provision has been made to monitor calibra-
tion lamp versus sun radiance on a once per
orbit basis. In this technique, an image of
the sun is recorded and the resulting detector
voltages are observed. Any overall drift in
detector voltages may be attributed to
changes in internal calibration lamp radiance.
The drift can be accommodated by altering
the scale factor for scene voltage correction.

K. K
Ve B Ve o)

s




where K is computed from the sun calibra-
tion process. On Landsat 1, reliable sun cali-
bration data could not be obtained because
the sun imaging optics were apparently fogged
by contaminants released from nearby space-
craft components. The probiem was rectified
on Landsat 2. Operational use of sun calibra-
tion data is anticipated for Landsat-C and
may yet be activated on Landsat 2. For the
present, Ks =1.

D.4 FINAL PROCESSING STEPS TO CCT

The final steps in Landsat video to CCT pro-
cessing are spectral interleaving, separating the
resulting data streams into four adjacent geo-
graphical strips and producing the four CCTs.
Each Landsat scene consists of 2340 scan
lines containing an equal number of bytes. At
the output of the Digital Subsystem, ali video
and calibration data are in eight-bit/byte
form. Spectral interleaving is accomplished

by selecting two successive bytes from each of
the four spectral bands and forming an eight-
byte serial group. This group then contains
all of the spectral information associated with
two adjacent scene picture elements (pixels).
Interleaving is illustrated in Figure D-7 for
any scan line “k". “m’ is the group “G"
index and the pixels associated with the
group are numbers 2m-1 and 2m, from scan
line “K".

Figure D-8 illustrates the CCT format for scan
line “k’ and the incorporation of calibration
data associated with scan line k" in the four
bands. The interleaved data is quartered and
one quarter is placed on each of the CCTs.
The total number of video bytes in scan line
k" is 24n. Interieaving the four bands re-
sults in 4 x 24n bytes associated with scene
scan line “k"”. Since eight bytes form a group,
the number of groups is 4x 240 The number
8
of groups associated with a quarter scan line

Gy & (8 BYTE GROUP)

PIXEL NUMBER i 2nt 2m

2m-i

m m-§ m 2m1 © 2w

BAND & l

BAND 5 I

BAND 6 BAND 7

XXX XXX

SCAN
LINEK

XAX

§ ,
.Mxxoooooo

ooxxxxxx.\\\.\/Wxxxo

BAND 7

0000 XXXX e

e o

BAND §

BAND S

PIXEL NUMBER ——p» ¥ 2 3 4 5 8 71 8

m = GROYPNUMBER

0 = DUMMY REGISTRATION BYTES

X = VIDEQBYTES

k = SCAN LINE NUMBER1,2...... 2340

Ny + 64 (23)
2%

n = GREATEST INTEGER IN

COO0OO0OO0COX X s o

[ ] [ 4

mi 2m 9 @ @ O e e 2%n

Figure D-7. Four-Band MSS Scan-to-Interleaved Byte Conversion
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8BYTES

R;*) = 24 n VIDED BYTES + 56 CAL. BYTES
q(— 1ST QUARTER SCAN LINE k, 4 BANDS :iA 4SETS OF 14 BYTE CAL. DATA ————— g0
7
ot b Sy | 2 { ( S3ntk | Sank CALy CAL, 4 CALy & ALy & R
- G
T2 7
=2 [Fmer kB \ Ggntk | Senk | CAlpw CALz 4 CAL3 & Aoy |8
£er 3 T
iz | T6ne 1, k{Ceme2k l Gon,k | Sgn, i CALy & CALy CAL3 CALy R
’ [}
ff: 4 I8ea+1.8{0p0r2.k ( \ 1201, k| G420,k CALy y CALy & CALy & CALy i R }
bL 4TH QUARTER SCAN LINE k4 BANDS ——

la
[

:i_ 28YTES ——|<—2 BYTES ——'-—2 BYTES —olq— 28YTES ——I
i

SIX CALIBRATION WEDGE
SAMPLES

SUN CAL.
COEF,

iDEMOTES IMAGE SEGMENT (i = 11S WESTERNMOST QUARTER OF 100 X 180 NAUTICAL MILE SCENE)

CALy, (14 BYTES)

CORR. COEFFICIENTS LLC (RAW)
—k——

FILTERE FILTEGED

OFFSET, &, GAIN, B,

Figure D-8. MSS Full Scene Interleaved Record Format

is then 3n. CCT number 1 contains groups 1
through 3n. CCT number 2 contains groups
3n + 1 through 6n, etc. All of these groups
are associated with scan line “’k”’. Continuing
this process for all scan lines results in the
western-most 25 nautical mile north-to-south
image segment being represented by CCT
number 1. CCT number 4 represents the
eastern-most 25 nautical mile strip. Strip
length extends 100 nautical miles north and
south.

The quarter scan line of four-band spectrally
interleaved data plus four-band calibration
data contains 24n video bytes and 56 calibra-
tion bytes. This data string is designated as a
tape record Ri, k- I'" denotes the image seg-
ment (same as CCT number) and "k’ desig-
nates the scan line number. Every record is
separated from every other record by an
inter-record gap (IRG).
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D.5 ADDITION OF BAND 8 TO THE CCT
FORMAT

Band 8 video and calibration are spatially
registered and added as independent records.
They are not spectrally interleaved with band
4 through 7 data. In a complete MSS scene of
390 mirror sweeps, 780 scan lines of band 8,
390 for detector A and 390 for detector B,
are generated. These scan lines are adjusted
to 24n - 3 = 8n video byte lengths. One
quarter scan line, or 2n bytes, is added to
each CCT after every three quarter-scan lines
of interleaved spectral data from bands 4, 5,
6 and 7. The first band 8 record is from
detector A. After three quarter-scan lines of
interleaved spectral data from bands 4, 5, 6
and 7, a second band 8 record, representing
the output of detector B, is added. Each
band 8 record consists of 2n bytes of video
plus 14 bytes of calibration data per CCT.



Format of the calibration data is the same as
for the other bands; however, it is expected
that there will be only two calibration word
values repeated three times to fill the 6 bytes
allocated for six calibration words. A typical

band 8 record, either detector A or B, is
illustrated in Figure D-9. “k” is the scan
line. Sgpp - . -Sgk2n are the individual video
bytes constituting one quarter of scan line
“k".

- B; 4 (2n + 14 BYTES) ]
88 | Ss I SB I 38 88 i 88 | CAla i

. , k
cCTY,i=1 kK )k ok b ok A k1 & : R
1t 1 2 v 3 v a4 i)l o1 G
, Ss 1S S IS Ss 1 Sg | cAag, |1
cCT2,i=2 Kk Pk ik Pk N kK 1 kg ’ R
2n+1 | 2n+2 | 20+3 | 2n+4 | 4n-1| an | G
3 1S I Sg 1S 3 I S 1 caL !
CCT3,i=3 | ¥ - 53}3 b Bk 1n
4nt+1 | 4n+2 i 4n+3 | 4n+81)) Bn-11 6o G

. S s IS 1S Sg | S5 |

8 { 98 ] 8 8 8 CALg , ]!
CCT4,i=4 k0 k1 k1 k aSS K o1k . R
6n+1 1 6n+2 | 6an+3 | Bn+4 | 8n-11 8n__ 1 G

Figure D-9. Band 8 Format as Inserted Into the CCT Format
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APPENDIX C

LARSYS MULTISPECTRAL

IMAGE TAPE FORMAT
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Excerpt From LARSYS System Manual

MULTISPECTRAL IMAGE STORAGE TAPE (DSRN 11,12)

The format of this tape requires that each data run be completely
identified, and that each data sample be stored as an eight-bit
integer. This permits sample data values stored on the tape

to range between 0 and 255. The data samples and calibration
measurements from all channels for each scan line, along with

the line number, are stored in a data record. The linear cali-
bration procedure used in LARSYS can be used to restore the

tape data values back to the irradiance. (Refer to Appendix

IV of the LARSYS User's Manual for details on calibration.)

The file is often positioned for use through the TAPOP module.
GETRUN (which uses TAPOP) positions the tape to the correct

file and always reads the identification information.

GADLIN, also using TAPOP, is then used to read the data record
for each line and to calibrate the data. GETRUN and GADLIN are

used by 11 of the 18 LARSYS Processing Functions.

There are four types of physical records on the tape. They are:

1. ID record - 200 fullwords, fixed length
2. Data record - variable length
3. End-of-Tape record - 200 fullwords, fixed length

4, End-of-File mark - IBM Standard

A single tape may contain one or more data runs, each of which

consists of an ID record, multiple data records and an End-of-File
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Excerpt From LARSYS System Manual

Mark (a special record written by the I/0 control software,
which indicates end of file). After the last data run on the
tape, a single End-of-Tape record and two End-of-File Marks are
written. The physical tape format is IBM 9-track standard with
1600 bits per inch density. No system tape leaders or trailers

are used.

Figure 5-1, on the following page, graphically illustrates the
format of the tape, at the top of the figure, the overall

tape containing several runs (files) is depicted. The format
for the data of an entire run, a single line, and a single
channel of a line are shown in three successive "exploded"
views as the reader proceeds down the figure. Each "exploded"
area is shaded on the figure. This figure should be referenced
in conjunction with the descriptions of all of the individual
fields. Note that the notation ID(n) is used on the figure to
reference the nth word in the ID record. For purposes of this
presentation, a word is defined to be 32 bits and a byte to be
8 bits; a record refers to a physical tape block followed by

an inter-record gap.
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Excerpt From LARSYS System Manual

1. ID record (200 fullwords, fixed length)

The run identification record is the first record
of each data run (and thus, the first record of a multi-
spectral image storage tape is always an ID record).
The ID record contains parameters required by the LARSYS
processors and information of value to data analysts. The
ID record is a fixed length record of 200 32-bit words with
the following definitions:

WORD FORMAT DESCRIPTION
ID(1) INTEGER LARS Tape Number (e.g., 102, etc.)
ID(2) INTEGER Number of the file on this tape
ID(3) INTEGER Run number (8 digits aabbbbcc)

aa - last 2 digits of the year

bbbb - serial number for the year
data was taken

cc - uniqueness digits for runs
which would otherwise have
the same number

ID(4) INTEGER Continuation Code
A value of 0 means the first
line of data follows this ID
record. A value of X means
that the data following this
ID record is a continuation
of a flightline started on

tape X.
ID(5) INTEGER Number of Data Channels (Spectral
Bands) on tape (30 maximum)
ID(6) INTEGER Number of data samples per channel

per line. This number includes the
six calibration samples. Due to cer-
tain hardware constraints at LARS,
the number of samples must be
adjusted so that ID(6) is a multiple

of 4.
ID(7-10) EBCDIC Flightline Identification
(16 characters)
ID(11) INTEGER Month Data was Taken
ID(12) INTEGER Day Data was Taken
ID(13) INTEGER Year Data was Taken
ID(14) EBCDIC Time Data was Taken

(Local, Military)
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WORD FORMAT DESCRIPTION

ID(15) INTEGER Altitude of sensor platform
ID(16) INTEGER Ground Heading of sensor platform
ID(17-19) INTEGER Date Data Run was Generated on

this Tape (12 characters
MMMM DD, YYYY)

MMMM - 4 letter month

abbreviation
DD - day
YYYY - year
ID(20) INTEGER Number of Lines in this Run
ID(21-50) INTEGER All zero (to be defined
later)
ID(51) REAL Lower Limit in Micrometers of the

first Spectral Band on Tape

ID(52) REAL Upper Limit in Micrometers of the

first Spectral Band on Tape
ID(53) REAL The suggested Value of "C."

calibration pulse for the first

spectral band

ID(54) REAL The suggested Value of "C."
calibration pulse for the first
spectral band

ID(55) REAL The suggested Value for "C,"

calibration pulse for the “first

spectral band

ID(56-200) REAL Repeat of words 51-55 for the
number of channels shown in
word 5, in order of appearance
in Data Records.

NOTE: words 51-200
All bits set to zero if

data channels do not exist

Word formats: INTEGER words are 32 bit Two's complement

signed binary numbers. EBCDIC indicates 8 bit characters,
4 characters per word in IBM 360/370 internal code. REAL

format indicates IBM 360/370 floating point numeric rep-
resentation.

2. Data Record

The data records for a run follow the run ID record

and comprise the text of the data run. The number of data

records following the ID record is specified in ID(20).
Fach data record is a physical record block on the tape
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containing the data samples for the ID(5) (see ID record)
channels of one scan line. The first half-word (bytes 1 & 2)
of each data record contain the data record or scan line num-
ber where the first data record has number one. The second
half-word (bytes 3 & 4) contain the remote sensing platform
roll parameter indicating the relative position of the roll of
the platform for this scan line of data. If the roll para-
meter is not known, it should be set to 32,767. Setting

the roll parameter to -32,767 indicates that the data for

the current line does not exist.

The fifth byte of the data record is the first data
sample of the first channel; the sixth byte, the second
sample from channel one and so on through ID(6) samples
and ID(5) channels. Thus, byte 4  2*ID(6) + 1 (in
FORTRAN notation) is the first sample of channel three.

A data record will be ID(5) * ID(6) + 4 bytes long.

NOTE: since ID(6) must be a multiple of four, a data re-
cord will contain a multiple of 4 bytes. The scan lines
appear on the tape in time sequence as they were collected
by the sensor. Sample one of each channel is the right-most
resolution element from the sensor field of view as the
observer faces forward with respect to platform movement.

Each of the ID(6) data samples from each channel will
be from the scanner's field of view except the last six
bytes. The last six are the calibration values in this
order of appearance:

1. CO "O" or dark level
2. VCO Variance of CO
3. Cl Calibration source C1
4, VCl Variance of Cl
5. C2 Calibration source C2
6. VC2 Variance of C2
where C., = value of calibration source i and VC, - variance of

samples used to calculate value of source i. Diring the
calibration and reformatting process, a record may become
invalid due to tape of other errors. When this occurs, the
roll parameter is set to -32,767 and the six calibration
samples of each channel are set to 0 for the bad record.

Data sample values are in the range 0 to 255 (8 bits)
with no sign bit. Sensor sample values of 0 and 255 should
be considered invalid due to number range saturation. Valid
data values then range from 1 to 254 with 1 indicating low
relative sensor response and 254 indicating high relative
sensor response.
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3. End-of-Tape Record

The End-of-Tape Record signifies that no more data runs
are contained on the current Multispectral Image Storage
Tape. It is positioned behind the End-of-File mark of the
last LARSYS run on the tape. The End-of-Tape Record is
very similar to the ID Record with 200 full words in the
following format:

WORD FORMAT DESCRIPTION

1 INTEGER LARS tape number

2 INTEGER File number on this tape
3 INTEGER Set equal to 0

4 INTEGER Continuation Code

A value of 0 means the end
of data. A value of X
means the data in the pre-
vious file is continued

on tape X.

5-50 INTEGER All zero (May be defined later)
51-200 REAL 0.0 (May be defined later)
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Figure 5.1 Multispectral Image Storage Tape Format

(Revised)
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D-3 LARS Program Abstract
MODULE IDENTIFICATION

Purpose: Converts INPERTS formatted CCTS to NASA formatted CCTS.

System/Language: CMS/FORTRAN

Author: Bill M. Shelley Date: 02/01/78

Latest Revisor: Bill M. Shelley Date: 03/12/78

MODULE ABSTRACT

INPERTS is a FORTRAN main routine which converts INPERTS for-
matted computer compatible tapes to NASA formatted computer
compatible tapes.

PURDUE UNIVERSITY
Laboratory for Applications of Remote Sensing
1220 Potter Drive

West Lafayette, Indiana 47906
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INPERTS is the main routine used to reformat INPERTS CCTS to

INPERTS is divided into seven major sections. The first section
does one time initialization. The second section reads and inter-
prets control cards. The third section mounts the input tape and
determines the data format. The fourth section build the NASA
CCT ID record. The fifth section builds the NASA CCT Annotation
record. The sixth section mounts the output tape and reformats
the data. The seventh section handles errors that may have

The input to INPERTS consists of a control card deck and INPERTS

1. Module Usage
NASA CCTS.
2. Internal Description
occurred in the other sections.
3. Input Description
formatted CCTS.
4 Output Description

The output of INPERTS is NASA formatted CCTS.
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SELECT REFORMAT FROM BRAZILIAN CCT
TO NASA CCT FUNCTION.

SPECIFY A STRIP X TO BE CONVERTED
WHERE X MUST BE BETWEEN 1 AND 8.
SPECIFY STRIPS 1 THROUGH 8.
SPECIFY STRIPS 1 THROUGH 4.
SPECIFY STRIPS 5 THROUGH 8.

SPECIFY AN INPUT TAPE X IN
BRAZILIAN CCT FORMAT.

SPECIFY TWO INPUT TAPES X AND Y
IN BRAZILIAN CCT FORMAT.

SPECIFY A SCRATCH TAPE X.

SPECIFY AN OUTPUT TAPE X TO BE
IN NASA CCT FORMAT.

SPECIFY TWO OUTPUT TAPES X AND Y
TO BE IN NASA CCT FORMAT

KEY
WORD CONTROL
(con. 1) PARAMETER FUNCTION
* INPERT (NONE)
REFORMAT STRIP (X)
FULL FRAME
LEFTHALF
RIGHTHALF
INPUT TAPE (X)
TAPE (X,Y)
SCRATCH TAPE (X)
QUTPUT TAPE (X)
TAPE (X,Y)
~COMMENT (NONE) COMMENT CARD
END (NONE)

END OF FUNCTION

DEFAULT

(NONE)

(NONE)

(NONE)

*NO SCRATCH

TAPE USED

(NONE)

(NONE)

(NONE)

* A SCRATCH TAPE IS NEEDED IF THE INPERTS CCTS CONTAIN STRIPS 1 THROUGH

4 ON ONE TAPE AND STRIPS 5 THROUGH 8 ON THE OTHER, AND MORE THAN ONE
STRIP IS BEING REFORMATTED.
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-IODULE IDENTIFICATION

#Module Name: INPRDR Function llame: INPERTS Reformatting

Purvose: To read and interpret control cards for INPERTS reformatting job.

System/Language: CMS/FORTRAN

Author: Ken Dickman Date: 02/02/78

Latest Revisor: Ken Dickman Date: 04/09/78

“IODULE ABSTRACT

INPRDR is a subroutine called by the main program INPERTS. CTLWRD,
CTLPRM, and IVAL are called to read keywords, control-parameters,
and integer values respectively. Other subroutines called within
the control-card system are:

to read the first card of one set of INPERTS control-cards.

to read the rest of the control-cards, of the set, after

the '*INPERTS' card and up to the 'END' card.

INPJMP - to process the individual keywords using a jump-table

' method.

INPJPR ~ to process the control parameters for the 'REFORMAT' card
using a jump-table method.

INPTAP - to process the control-parameter 'TAPE' and the tape numbers.

INPERR - to help communicate errors found in the control cards.

INPDMP - to dump important values needed for the reformatting

process.

INPFIR
INPKEY

PURDUE UNIVERSITY
Laboratotry for Applications of Remote Sensing
1220 Potter Drive
YWest Lafayette, Indiana 47906
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l. Module Usage

INPRDR
CALL INPRDR (IEOF)

Input Arguments:

none

Output Arguments:

IEOF - I*4, End-of-file flag.
= 0 not end-of-file, processing continues
with information received from the COMMON

block CCINFO.

1l end-of-file TRUE, processing halts.

INPRDR processes one set of INPERTS control-cards beginning with
the '*INPERTS' card, and returning after the 'END' card.

2. Internal Description

INPRDR Calls subroutine INPFIR to read the first card of the set
This first card should be either an '*INPERTS' card or an
end-of-file.

-

If no end-of-file was reached, then subroutine INPKEY is

called to read the rest of the set until an 'END' card is
read. If there is an error in the set, reading the rest

of the set is attempted and then execution is halted when
the 'END' card is reached or end-of-file.

INPFIR Calls CTLWRD to read the first card of the set. Checks
for the conditions of: '*INPERTS' card, other legal cards,
end-of~-file.

INPKEY Calls CTLWRD to read the rest of the set of cards until
an 'END' card is reached. Checks for end-of-file, or a
valid keyword. If a valid keyword is detected, subroutine
INPIJMP is then called to further process the card.

INPJMP This subroutine is simply a jump-table using a computed-
GOTO to give control to the proper section to further pro-
cess the card. The REFORMAT section calls CTLPRM to read
the card's control parameter, then calls the jump-table
subroutine INPJPR to further process. The section 'INPUT
TAPE' and 'OUTPUT TAPE' call INPTAP to read the tape
numbers. If only single parameters are given at a time.

eg:
INPUT TAPE(1234)
INPUT TAPE (5678)




INPJPR

INPTAP

INPERR

INPDMP

INPRDR-3

then the values are toggled in, so that the second card
will be the second parameter, and will be equivalent to:

INPUT TAPE (1234, 5678)

For more complex combinations see Figure 1. The 'SCRATCH
TAPE' section calls INPTAP and expects only one tape num-
ber. The 'END' card section checks whether all required
information has been interpreted.

This subroutine is a jump-table using a computed-goto to
process the control parameters. The 'REFORMAT STRIP'
section requires one parameter, interpreted by the entry
point IVAL of the subroutine BDCVAL, with a value between
1l and 8. The 'FULL', 'LEFT', and 'RIGHT' control para-
meters set the first strip and last strip variables accor-
dingly.

Subroutine CTLPRM reads the control-parameter 'TAPE' then
entry point IVAL of subroutine BDCVAL reads one Or two
integer numbers. If there are two numbers present then
the variable VECSZ is set to 2, otherwise VECSZ is set

to 1.

If there were no previous errors, then an error flag is
set. Output the card in error to the terminal, and place
a dollar sign, beneath the card, under the column that
points to the error, as long as it is not redundant to

do so.

Dump routine to display strips, tape numbers, and number
of tapes specified.

Input Description

(See control card description)

Output Description

CTLWRD prints the control card image read in, and some error
messages when appropriate. An end-of-file flag is passed as an
argument, and the following information is passed via the COMMON
block CCINFO:

FSTRIP - parameter telling which strip is the first to be
reformatted.
LSTRIP - parameter telling which strip is the last to be
reformatted.
INTAP - input tape parameter.
(1) - first input tape number.
(2) =~ second input tape number (optional depending on the

task specified).
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SCRATC - scratch tape parameter (optional).

ouTAap - output tape Parameter.
(1) first output tape number.
(2) second output tape number (optional depending on the
task specified).
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-IODULE IDENTIFICATION

Module Name: BLDID Function ITame: INPERTS Reformatting

Purvose: Builds NASA CCT ID record.

System/Language: CMS/FORTRAN

Author: Bill M. Shelley Date: 02/01/78

Latest Revisor: Bill M. Shelley Date: 03/12/78

10DULE ABSTRACT

BLDID is a subroutine which constructs a NASA CCT ID record from
the header information available on an INPERTS CCT.

PURDUE UNIVERSITY
Laboratory for Applications of Remote Sensing
1220 Potter Drive
West Lafayette, Indiana 47906
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1. Module Usage
BLDID
CALL BLDID (INPID, CCTID, INSTRP)
Input Arguments:
INPID =~ Integer *2 array containing 20 elements.

Contains the INPERTS CCT ID record.

INSTRP - Integer *4, contains the INPERTS strip number
of the strip the ID record came from.

Output Arguments:

CCTID -~ Integer *2 array containing 20 elements. Con-
tains the NASA CCT ID record.

2. Internal Description

BLDID moves common information from the INPERTS ID record to the
NASA ID record. It then calculates the remaining parameters found
in the NASA ID record from the parameters found in the INPERTS ID
record.
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-IODULE IDEHTIFICATION

Module Name: BLDANN Function llame: INPERTS Reformatting

Purvose: Builds NASA CCT Annotation Record.

Svstem/Language: CMS/FORTRAN

Author:s Bill M. Shelley Date: 02/01/78

Latest Revisor: Bill M. Shelley Date: 03/12/78

“10DULE ABSTRACT

BLDANN is a subroutine which constructs a NASA CCT Annotation
record from the header information available on an INPERTS CCT.

PURDUE UNIVERSITY
Laboratory for Applications of Remote Sensing
1220 Potter Drive
West Lafayette, Indiana 47906
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1. Module Usage

BLDANN

CALL BLDANN (INPANN, CCTANN, CCTID)

Input Arguments:

INPANN - INTEGER * 2 array containing 170 elements.
Contains the INPERTS Annotation record.

CCTID -~ INTEGER * 2 array containing 20 elements.
Contains the previously calculated NASA ID
record.

Output Arguments:

CCTANN - INTEGER * 2 array containing 312 elements.
Contains the NASA CCT Annotation record.

2. Internal Description

BLDANN moves common information from the INPERTS Annotation record
to the NASA Annotation record. It then calculates the remaining
parameters found in the NASA Annotation record from the parameters
found in the INPERTS ID and Annotation records.
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IODULE IDENTIFICATION

Module Name: cwpBYT Function Hame:INPERTS Reformatting
Purpose: Swaps adjacent bvtes.

System/Language: ___CMS/FORTRAN

Author: Bill M. Shelley Date:_02/01/78

Latest Revisor:gijiji] M. Shellev Date: (03/12/78

“IODULE ABSTRACT

SWPBYT is a subroutine which swaps adjoining bytes. This is done
since DEC orders bytes differently than does IBM.

PURDUE UNIVERSITY
Laboratory for Applications of Remote Sensing
1220 Potter Drive
West Lafayette, Indiana 47906
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Module Usage

SWPBYT
CALL SWPBYT (ARRAY, COUNT)

Input Arguments:

ARRAY - LOGICAL * 1 array containing values to be swapped.
COUNT - INTEGER * 4, number of bytes to be swapped.

Output Arguments:

ARRAY - LOGICAL * 1 array containing swapped values.

Internal Description

SWPBYT first insures that COUNT is even and then proceeds to
swap the bytes.
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MODULE IDENTIFICATION

Module Name: TRANS Function Name: INPERTS Reformatting

Purpose: Translates ASCII character codes to EBCDIC character codes.

System/Language: CMS/BAL

Author: Bill M. Shelley Date: 02/01/78

Latest Revisor: Bill M. Shelley Date:_ 03/12/78

MODULE ABSTRACT .

TRANS is a subroutine which translates ASCII character codes to
EBCDIC character codes.

PURDUE UNIVERSITY
Laboratory for Applications of Remote Sensing
1220 Potter Drive

West Lafayette, Indiana 47906
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1. Module Usage
TRANS
CALL TRANS (ARRAY, COUNT)
Input Arguments:
ARRAY - LOGICAL * 1 array containing ASCII character codes
to be translated to EBCDIC.

COUNT - INTEGER * 4, number of characters to be translated.

Output Arguments:

ARRAY - LOGICAL * ] array containing the EBCDIC character
code.

2. Internal Description

TRANS uses a table—look-up Procedure to translate from ASCII to
EBCDIC.
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LARS Program Abstract

Serial Number: LARSYS 1176

Title: ERTS Bulk MSS to LARSYS Reformatting
Deck Name: REFERTS

Abstract:

REFERTS is a program used to convert Earth Resources
Technology Satellite (ERTS) Bulk Multispectral Scanner (MSS)
data tapes into LARSYS Version III formatted data storage
tapes. REFERTS may be used to produce a subframe from a 100
nautical mile X 100 nautical mile ERTS bulk full frame.
Subframes may be specified by latitude and longitude coordi-
nates, by line and column numbers and by nautical mile coordinates;
each referenced to the full ERTS frame.

Originator: William R, Simmons
James L. Kast

Latest Revisor: Charles R. Smith

Date: November 18, 1977

Memory Requirements: 146598 bytes

Input: REFERTS control cards and ERTS

bulk MSS tapes

Output: Selected subframe on data storage
tape plus pertinent information
concerning the reformatting including
all necessary log information and
RUNTABLE cards.

System: IBM System 360/Model 67 CMS FORTRAN IV



FUNCTION:

This routine should be used to convert ERTS bulk MSS data
tapes into LARSYS-3 formatted data tapes. REFERTS requests mount-
ing of output tape and one ERTS bulk MSS tape; these tape numbers
are specified on control cards. The program then examines the ERTS
bulk tape ID and annotation records and the REFERTS control cards
to determine which other bulk MSS tapes must be mounted. After all
required tapes are mounted, the program produces the requested
LARSYS-3 data tape and prints out the run ID information and punches
cards needed by the RUNTABLE data set. The program then looks for
another set of control cards. If they are found, the run specified
is generated; if not, the program is finished. It should be noted
that only about 60% of the total data samples from an ERTS frame
can be stored on a single 800 BPI LARSYS formatted tape. At 1600
BPTI a full ERTS frame takes about 71% of a LARSYS formatted tape.

CONTROL CARDS:

For each run, REFERTS requires four control cards: a S$SREFORMAT
card, a RUNTABLE card, a BLOCK card and an END card. An optional
FORMS card may proceed the $REFORMAT card if the user wishes to
specify the number of data storage tape forms to be printed.

The first control card is the SREFORMAT card, containing a
keyword and up to four parameters. The card has the following
format:

SREFORMAT INPUT (TAPEl, TAPE2, TAPE3, TAPE4), SCRATCH (Sl, s2, S3),
ZONE (2Z), TYPE (N)

SREFORMAT must start in column one, followed by at least one blank
space. TAPEl through TAPE4 are NASA CCT bulk input data tapes.
TAPEl contains strip 1 of 4, TAPE2 contains strip 2 of 4, etc.

S1 through 83 are user defined scratch tapes to be used during the
reformatting process. If the user does not specify a sufficient
number of scratch tapes for a given input processing mode (to be
described under the runtable card), REFERTS will print an error
message indicating the deficiency and processing will end. The
ZONE is the time zone displacement from Greenwich, England to the
area in the frame center. This value is negative for points west
of Greenwich, positive for points east of Greenwich. The TYPE
should be 1 if the NASA CCT AID format was produced prior to
February 18, 1977. TYPE should be Z if the AID record format is
more recent than February 18, 1977.

The RUNTABLE card, for REFERTS purposes, needs to contain six
blocks of information:

1. The LARSYS data run number in columns 1-8.

2. The number of the tape to receive the reformatted data
right justified in columns 14-17.

3. The file number to receive the new run, right justified
in columns 14-17.

4, The run identifier code, a 16 character "flight line id"
(title) in columns 18-33.



5. A strip pointer in column 64. This number indicates the
strip (1-4) of the full frame contained in the first tape
specified in the INPUT parameter of the $REFORMAT card.
For example, if the first tape indicated in the INPUT
parameter is tape 2 of a 4 tape series, a 2 should be
placed in column 64. If column 64 is left blank, the
first tape in the INPUT parameter is assumed to be the
first tape of the four tape series.

6. Input processing mode in column 70. This indicates to
the program how the user will be inputing the data. The
value in column 70 should be:

0 - If the frame is contained on four INPUT tapes.

1 - If the frame is contained on 1 INPUT tape which
contains 4 files, one strip each file (3SCRATCH
tapes must be specified).

2 - If the frame is contained on INPUT tapes which each
contain 2 files, one strip on each file. (2
SCRATCH tapes must be specified).

3 - Special processing option. All INPUT tapes
required for reformatting the frame are indicated
by the INPUT parameter of the $SREFORMAT card. The
first tape listed in the INPUT parameter is
assumed to be the first tape in the series unless
specified with a non-zero strip pointer in column
64.

The runtable card may also contain several other blocks of
data, which if given, will over-ride the information contained in
the ERTS ID and annotation records. The optional blocks are:

1. The month the data were collected (a 2-digit number; e.q.
01, 09, 10, 11) columns 34-35.

2. The day the data were collected (a 2-digit number; e.g. 01,
09, 11, 21, 31) columns 36-37.

3. The time the data were collected (a 4-digit number; e.gq.
0930, 0700, 2130, 1430; specifying the local time)
columns 39-42.

4. The ground heading (a 3-digit number; e.g. 194, 099, 204;
denoting the heading from north) columns 50-52.

The third control card is the block card. These are three forms
of the BLOCK card depending upon which method is used to specify
the area of the subframe. One and only one block card must be
present for each run processed.
ALL BLOCK cards are of the form:

BLOCK OPTION (PARAMETERS)

with the word "BLOCK" starting in column 1 and with at least one
blank separating "BLOCK" from the option selected. Following the
OPTION control word the various parameters for that option are con-
tained within parenthese and separated by commas. The three block
options are "area", "sample", and "coordinate”.
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The "area" option specifies the area of the full frame used
to produce the subframe using nautical miles as a coordinate system.
The card is of this form;

BLOCK AREA(XI,XL,SINT,YI,Y ,LINT)

L

Where X_,X ,YL,LINT are integer values.

I'"7L’ I

XI - the displacement in nautical miles from the left of the
full frame of the left-most point of interest to be con-
tained in the subframe.

X, -~ the displacment in nautical miles from the left of the

full frame of the right-most point of interest to be

contained in the subframe.

the sample interval; e.g. SINT=1 means every sample of

bulk data is considered; SINT=2, every other sample, etc.

Y_ -~ the displacement in nautical miles from the top of the

full frame of the upper-most point of interest to be in

the subframe.

Y. - the displacment in nautical miles to the lower-most point

of interest from the top of the full frame.

LINT ~ LINT interval; e.g. LINT=1 consider each line; LINT=2

consider every second line, etc.

SINT,Y

0n
8]
2
-
|

The "sample" option specifies the subframe by line and column
numbers.
The card is of this form:

BLOCK SAMPLE (ISAM,LSAM,SINT,ILIN,LLIN,LINT)
Where ISAM,LSAM,SINT,ILIN,LLIN, and LINT are integer values.

ISAM - the first sample (or column) of the ERTS full frame
to be used in the subframe.

LSAM - the last sample to be considered.

SINT - sample interval

ILIN - the initial line of the full frame to be used in the
subframe.

LLIN - the last line of the full frame which is to be used
in the subframe.

LINT - line interval.

It should be noted that the number of lines in a full frame is
2340 (constant), but that the number of samples/line is not. It
would be best to know the number of samples before using this option
if less than a full frame wide area is desired. A condensed version
of the full frame may be produced using this option by setting ILIN
and ISAM to 1,LLIN= 2340,LSAM=3232, and selecting appropriate
values for SINT and LINT.

The "coordinate" option is used to select a rectangle whose
north-west and south-east coordinates are specified in degrees and
minutes of latitude and longitude. Since the satellite does not
orbit directly north to south, these rectangels will be contained
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in larger rectangles whose sides are parallel to the heading of
the satellite. The BLOCK card is of this form:

BLOCK COORDINATE (LG G, LT

UD’' UM
SINT,LINT)
Where all parameters are integers. Positive parameters indi-
cate degrees of longitude west and latitude north. Negative
parameters indicate south latitude and east longitude.

L LGLD'LG , LT (LT

uD’ TUM' LM LD LM

LGUD - longitude degrees of the north-west subframe corner.
LGUS - longitude minutes of the north-west subframe corner.
LTUD - latitude degrees of the north-west subframe corner.
LTUM - latitude minutes of the north-west subframe corner.
LGLD - longitude degrees of the south-east subframe corner.
LGLs - longitude minutes of the south-east subframe corner.
LTLD - latitude degrees of the south-east subframe corner.

LTLM - latitude minutes of the south-east subframe corner.
SINT - sample interval.

LINT - line interval.

The last control card is the "END" card. The "END" card tells

the program that all control cards have been read for the run. It
consists of the word end starting in column 1.

After the end card may come another set of control cards for
another run.

REFERTS CONTROL CARDS

The following is a description of the reformat ERTS data
(REFERTS) control cards.

There are two basic types of REFERTS control cards . . . .

1. The RUNTABLE cards which is fixed format and has the
following format:

COLUMN
1 1 3 3 5 6 7
1 9 4 8- 4 9 0 4 0
* AAAAAAAABBBBBCCCCDDDDDDDDDDDDDDDEEFF GGGG HHH T J
WHERE :
* AAAAAAAA - is the run number
* BBBBB - right justified output tape number

* CCcCcC - right justified file number to receive data



* DDDDDDDDDD -~ l6-character flightline ID code
EE - month data taken
FF - day data taken
GGGG - time data taken
HHH ~ heading of satellite
I - indicates strip of frame contained on first tape
in input parameter of S$REFORMAT card. E.g., if
lst tape indicated is tape 2 of 4 of series, a
2 should be placed in column 64.
J - Input processing mode. Value in column 70 should
be:
0 - if frame contained on 4 input tapes
1 - if frame contained on 1 tape of 4 files,
each file 1/4 frame strip
2 - if frame is received on 2 tapes of 2
files. Each file 1/4 frame strip.
3 - special option. All tapes required
for reformatting the frame are indicated
in the input parameter of the S$REFORMAT
card. First tape indicated is assumed
to be first tape in series unless indi-
cated in column 64.
* (parameter is required)

The RUNTABLE card is placed immediately following the SREFORMAT
card in the control card deck set up.



2. The supervisor control cards. These cards initialize
the program and specify processing options. They are
free format and must end with an "END" card. All key

words must start in column 1 and be followed by at least
one blank space.

Key Word R

E Option Parameters Function Default
Q
FORM (None) NN Prints NN Forms 7 Forms
SREFORMAT * Input (T11,72,T73,T4) Tapes used for input (None)
Tl - first tape in
series

T2 through T4 as required

Scratch (s1,s82,83) Scratch tapes to be (None)
used if split off is
necessary. Up to 3 tapes
may be specified.

Zone (Z2Z) Time zone displacment (ZZ=0)
from 0 degrees longi-
tude, specified in 15
degree increments

Type (N) N = 1 if data taken . (N=1)
before 2/18/77
N = 2 if data taken
after 2/18/77

BLOCK 1l Area (XIXL,SINT, Reformat the area (None)
YI’Y LINT) from XINM to the

right of the frame
boundry to XLNM

L

1 Sample (X,Y¥,Zz,A,B,C) Reformat ERTS frame (None)
from col. X to col. Y
by every Zth col. and
from line A to line B
by every Cth line.

B, Reformat the rectangle (None)
,J) whose north—wesg
coordinate is A“B'W/D'N
and whose southaeast
coordinate is E°F'W/GPH'N,
taking every Ith col. and
Jth line.

1 Coordinates (A
F

END * (None) (None) END RUN (None)



Identification List Control Cards

The printout of ID and ANNOTATION information from an ERTS
Bulk MSS CCT may be obtained by using a S$IDPRINT card. Like the
SREFORMAT card, S$IDPRINT parameters are in free format. Unlike
control cards in the SREFORMAT sequence, $IDPRINT cards are not
followed by END cards. All the information needed for an IDPRINT
is contained on the $IDPRINT card in this format:

Keyword Parameters

$IDPRINT TP,RUNN,TZD,DD,MM,YY, TYPE

TP = Library tape no. assigned to the bulk CCT

RUNN = Run number assigned to the frame data

TZD = Time zone displacement

DD = Day frame received

MM = Month frame received

YY = Year frame received

TYPE = Type of AID format = 1 if tape produced before 2/18/77

2 if produced after 2/18/77



