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SECTION 1 - -

SCOPE

1.1 INTRODUCTION

The NASA GSSC Landsat-D'Project is developing & Data Management System (DMS) to
provide.& variety of standard image products from the thematic mapper (™) ﬁhd
pultispectrol scanner (MSS) d4nstruments. The major digital image processing
functions to be performed by the DMS include: screening dimagery for quality,
determining cloud cover, applying radiometric corrections, computing sets of
geometric corrections corresponding to different map ptojections, and applying &
set of geometric corrections (including resampling the data using either cubic
convolution or nearest neighbor techniques and presenting the data in either a -
space oblique mercator, universal transverse mercator, or polar stereographic
?rcjection). One of the outputs fro- the DMS is partially processed MSS data
(readicaetiric corrections applied and geometric correction matrices for two
projections appended) which 4is recorded on HDT-AM tapes. An HDT-AM is a

28-track or lé-track high density tape.

Thie epecification establishes the requirements for the format of the Landsat-D
HDT-AM product. These renuirements represent both derived and allocated
requirements from the GSFC  Specification for the Lan’set-D Systen,

GSPC-430~-D-100B.

Thie document 4s part of the Lendsat-D Data Format Control Book. It 1s one of
several eppendices to Velume VI, which describe the format of Lendsat~D and

Londsat~D Prime pfoducts.
GES 10077
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1.2 PURPOSE

The purpose of this document i{s to define the format of the HDTs which contain
partiélly processed Landsats~D and D Prime MSS image data. This format is based
on and is compatible with the existing format fgr partially processed Landsat~3

' MSS image data HDTs (es delineated in IPF ICD-201).

This document and those cited irn Section 2 provide complete specification of the

HDT-AM data format and should be followed 4in wutilizing s&and interpreting - the

format of these tapes.

1.3 APPLICABILITY

Thias document applies to all Landsat-D and D Prime partially procesaéd'nss data
tapes recorded by the DMS as an output of initial imege processing and to ali
copiles of all or parts of these tapes. The formats for thq'HDTs which contain
partislly and fully processed Landsat~D Prime IM data are defined in other Data
Format Control Book Appendices (HDT-AT 4in Appendix A, GES 10033; HDT-PT irn

Appendix B, GES 10034).

GES 10077
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SECTION 2 ' .

APPLICABLE DOCUMENTS

H ' 2.1 CGOVERNMENT DOCUMENTS

a. IPF=1CD-201

e

Interface Contro. Documant between the Image ?rocemstng Facility

ot o

and EDC Digitsl lmage Processing Syotem for Landsat: Part&élly

Procoseed Multiepectral Scanner High Denasfty Tape (WDT-=AN/AMC)

—— A RS

[y

e s s e AR et o P g et 1

2.2 GENERAL ELECTRIC DOCUMENTS

a. SVS 10126
" Data Format Control Book, Volume‘v. Payload
b, svs 10127 |
Data Format Control Book, Volume V1, Products
c.  CES 10033
Loendsat-D Data Format Control Book, Vol. VI, Appendixr A (HDT-AT)
d. GCES 10034

Laondsat=D Data Format Control Book, Vol. V1, Appandix B (HDT-PT)

2.3 OTHER DOCUMENTS

Hone

GES 10077
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g SECTION S _ .

PRODUCT DESCRIPTION

3.1 RECORDED-DATA FORMATS

j Partially processed Landsag-b and D Prize MSS data and IRIG-A time coda data
»ié vill de recorded on HDT-AM tapes utilizing Martin-Honeywsll Hodel No. 2879-L
¢ » high density ‘digital tepe vecordere. The formatting performed by thase
racorders (1;@.. treck aa.ignments, pécking density, freming, fandominlng. and
arror correction capability) are apgcified in tha Data Format Controas Book,
Volume VI: Producta (referance parsgraph 2.2.b). This appendix does notbxnclude

any reference to the recorder formatting procesa.

3.2 TAPE FORMAT

Bach HDT-AM tape i3 arranged in band sequential {BSQ) format. A lé=track HDT-AM
can contain up to about 45 scenes, vhile a 28-track HDT-AM can contain up to
ebout 180 ocenes (the absolute msximum capacities sre about 23X laerger). In
order to facilitate transfer of data from 28-track to lé-track tapea, the deta

on a physicel 28-track tepe is blocked fn “"logical™ HDT-AM tapes, where each

portion of the data known a8 a "logical™ HDT-AM tapa will fit onto a aingle
14=-track tepe. In actual practice a logicel 1o restricted to a maximua of about
34 scenes due to the hardwvare configuration used to genaratiy the tepea; There is
o regtriction on the minimum number of scenes in a logical..ﬂouever. there will
. always be only onme iogicel on a physical l4-track HDT-AM tape, and no wmore than
five logicale on & physical 28-track HDI-AM tapc. Integral scanea wiii not be

"  @ivided between logical tapec.

GES 10077
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Eéch logicel KDT-AH.tepe contains a tope directory appearing at the beginning,
followed by date iﬂ the following order for cach band of each Gcrene: heade;,'
ancillary, annotstion, preamble/filler, image, trailer, and more prescble/filler
(see Figure 3.2-1). Due to the otarting and stopping of HDT-AM tapes which will
occassionally be necessary during their generation,-daéa gaps will occur. They
will appear only between scenes and usually u:il 6ccuyy only a feu"inchési‘Sf

tope.

3.2.1 TIME CODE
The HDT-AM containg & longitudinal time track (with tire monotonically
increasing) on auxillary track number 1 that provides ao index to the location ..

of image datc on the BDT. The ticze 10 recorded in the IRIG-A format (reference

_ paragreph 2.2.8) and hss a time resolution of 2 tenth of & pecond. - The ten-

character time code provides hundteds,.tens, and unite of the day of the year;
tens and units of hours; tens and units of @inutes; and tens, units, and tenths
of seconds. The time code gives ¢he universal time at Bhich the date wes
recorded on the original BDT-AH'tape and ip used to correlate image data to
cequentisl position on the HDT (for examplé on the GBIT). The time code may be

discontinuous betwveen date intervals and during data gaps. All other regions of

the tepe, including preamble/filler, will have time code recordedl.

3.2.2 .HAJOR FRIME CONVENTIORNS
All the informstion on the tape ig organized into major frames. Every major

frame 46 3232 bdytes in length erd 4e divided into eight minor {rames :of equall

* pize. These valuee gre constoot for all parts of all HDT-AM tapes, in po case

GES 10077
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will partial major or minor frames occur. The sequence of the mrajor frames on

the tape is shown in Figure 3.2-2.
Apﬁroximately 3000 major frames of preamble/filler precede each logical tepe
directory. The logicel tape directory is one major frame long. Following each

logical tape directory is a set of scenes, each one containing four images.

Each image consists of:
1 major frame of headertdata
26 major frames of ancillary data
2 pajor frames of annotation date

158 major frames of preamble,/fille.

24C0 major frames of image data

1 major frame of trailer data.

Betwvesn eacnh image {n a scene and between .the last Iimage in one scene and the
first image 1n the next scene there will be more  than 350 wmsjor Zfremes of
vreamble/filler. Figuré 3.2-3 ghovs the spacing ap¢ data relatfonships. In cases
where dats gaps occur, greater than 350 major freames of preamble/filler will
precede the gap and approximately 3007 major frames of preamble/filler will

follow the gap.

For eaii types of major frames except preamble/fgller and image data & parameter
called the CHRCKSUM is coxputed. The four-dbyte (32-bit) CHECUSUM is computed on

32-bit seguents of data commencing &t the boundary beiween the minor frame type

GES 10077
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code end the alphanumeric data; thsat 15, the six bytes (48 bits) of staendard

ddentification information at the beginning of éach minor frame are not included

fn the compuration Of the CHECKSUM. The CHECKSUM is placed in the major frame

folloving the data fieids. the specific location is iﬁdicété&;in the description

of each major frame type (paragrephv3.3):- The CHECKSUM computation is performed
only on the data which precedes it in the major frame (i.e., frailing zero £1l1

ie not included).

The CHECKSUM, fcr a series of data bytec, 1a'computed by performing spccessive
EXCLUSIVE ORs (XOR) between the four bytes of CHECKSUM and & four byte data
block, folloved by a CHECKSUM bit rotation. The computation is equivalent to
the following set of procedural steps: :
CHECKSUM = 0
DO FOR I = 1 to N (where 4N is the number of bytes to be checked)
CHECKSUM = CHECKSUM XOR DATA(I)
CHECKSUM = ROTATE (CHECKSUM, 1 BIT LEFT)
ENDDO

vhere ROTATE means:

MSB 31 0 LSB

G—~BIT O THRU BIT 30 MOVED 1 BIT TO LEFT<

BIT 31 MOVED TO BIT O

_ GES 10077
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3.2.3 MINOR FRAME CONVENTIONS -
Evaery minor frameixs 404 bytes &n length for all HDT-AM tepes. The 398-byte’
data field 46 preceded by six bytes of standard inforwstion: four bytes of
freme synchronization, one byte of minor frame count, and one byte of minor
frame .type code. In additibn to'the-atandard lnformaiton thé data ixéld in
image type minor frames is preceded by sin bytec .of scan line d4dentification

(SLID). Therefore, 4msge minor f{rames uill contain 12 bytes of standard

information and 392 bytes of (pixel) data.

3.2.3.1 Frame Synchronization

A 32-Vit pattern, 11 111 010 111 100 110 Ol1l 010 OO0 000 OLO (FAF3 3400 HEX),
repeated at the begioning of every minor frame, provides frame synchronization.
The most significant tit occurs first and is the left-most bit of the pattern.
In figures depicting wajor frames this pattgrn is referred to as the‘SYNC

pattern.

3.2.3.2 HMinor Frame Count

Hithin each major frame the Yinary minor frame count starts at zero and
continues - in ocequence until its value equsls eeven. Under mo circumstance is
the minor frame count reset to ezero or any other pumber until the end of ‘the

aajor frame.

3.2.3.3 Hinor Frame Type Code (MFTC)

The owinor frame type code i a number that defines the type of daté vithin a

minor frame. Each minor freme contains one of seven types of {nformation. The

GES 10077
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MFTC byte coonsists of tuwo 4dentical three-bit data words (t—!1 = ¥,), snd twe, .

identical one-bit parity words (PI = Pz) which provide single-bit~error-.

corrccting capabilitiés. The codes used are:

HEXADECIMAL OCTAL
DATA TYPE VALUE VALUE BINARY REPRESENTATION-
Preamble/Filler co 300 11 000 000
Tape Directory 09 011 0 0 001 001
Header 12 022 0 0 00 O110O0
Annotation DB 333 1 1 011 O11}
Ancillsry 24 064 6 0 100 100
Inage : ED 355 11 101 101
Trailer Fé6 366 l11 110 110
Phey W L)
Where:

¥, & three-bit MFIC word number 1

¥y = three-bit MFTC word number 2

Py = parity bic for W)

P, = parity bit for W,

3.2.3.4 Data Representations

In addition to binary coded data and information in standard ASCII format, four
gpecial formats, detailed in the following paragraphs, are uvtilized to represent
fixed and floating point numbers. In all cases the order of the bytes 1is as

shovn, that {g, no byte-swapping is performed.

3.2.3.4.1 FPixed Point Binary Format (FP)

This format is8 used in ancillary major frames 1 end 2 and in the header and

GES 10077
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31 30 24 23 16 15 B
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0 1SB

hsp

- -
-

a

1 o Sy

: FIXED POINT BINARY FORMAT (FP)

BIT 31— S(SIGN)=0(+), 1(~)
RI1TS 30:0——c= MAGNITUDE

NOTE: Negative numbers (bign bit = 1) are represcented in tvo"s cooplement

form.

3.2.3.4.2 Floating Point Binary Format (FL)

i
This format 46 uged in ancillary major frames 1 and 2 and {n the traller masjor

frame. Thic format 15 also éommonly called the long preciscion (doudble word)

format. A number is ropresented in eight bytes, as follows:

MSB 63 62 56 S5 , 48 47 40 39 32
T T
S| EXPONENT : L
. [}
] i
3 24 23 16 15 8 7 0 LSB
| ' |
i |
‘ ] 1 ]
1 4 g
FLOATING POINT BINARY FORMAT (FL)
"PIT 63 ===S(SIGN)a0(+), 1(-) : 3
BITS 62:56—~<= EXPONEKT, RANGE OF-64 THROUGH +63. TREATED AS EXCESS 64,
BITS 55:0—==FRACTION MAGNITUDE, 14 REXIDECIMAL DIGITS. THE VALUE IS POUND
BY MULTIPLYING THE FRACTIONAL PART BY THE POWER OF 16.
HOTE: GES 10077
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3.2.3.4.3 single Precision Floating Point Binary Format (FLS)

Thic format is used in encillary major fremes 1 aad 2 and in the header major

" freme. A number io represented in four bytes, as follows:

nsp 3L 30 24 23 16‘ 15 8_7 0 LSB
!
|
4
SINGLE PRECISION FLOATING POINT BINARY FORMAT (FLS)

s EXPONENT

- ——

BIT 31-——o> S{SIGN)=0(+), 1(-)

BITS 30:24——c=EXPONENT, RANGE OF -64 THROUGH +63. TREATED AS EXCESS 54.

BITS 23:0 ——o= FRACTION MAGNITUDE, 6 HEXIDECIMAL DIGITS. THE VALUE IS FOUND
BY MULTIPLYING THE FRACTIONAL PART NY THE POVER OF 16.

NOTE: The FLS format does not utilize two” s complement notation.

GES 10077
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3.2.3.4.4 Fized Point Format for HRS Grid Pizels, VRS Line Coordinstes, or Grid

F411 Counto
Thic fotmat 46 wused 4in ancillary major f£remes 3 through 13. A oumber is

tepresented in four bytes, as follows:

Msp 31 30 : 24 23 18 17 15 87

b e e

BINARY POINT
GRID ?IxEL. GCRID LINE COORDINATE, OR GRID FILL COUNT FORMAT
BIT 3)l~———c>=(SIGN)=0(+), 1(=)

BITS 30:18 ~==1TEGER MAGNITUDL
BITS 17;0~—-a=FRACTION MAGNITUDE

NOTE: Negative numbers (sign bit = 1) are represented in two”e complement

forn (of the integer end fraction field together).

3.3 MAJOR FRAME TYPES

3.3.1 PREAMBLE/F LLER

?reanb{e/iillét ic placed on & tape primarily to ensure the proper operation of
the.tedotder in the playback mode and to separate ecach image. Each wminor frame
of preamble/filier begine with <the aix bytes of standard identification dats

(sync pattern, minor freme count, and minor frame type code) and {is .completed

GES 10077
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with the preamble/filler pattern, which consists of alternating 1°g and 0°s

(101010101010...). This pattern is repecated until the complete major frame is

filled, as ghown in F.gure 3.3-1.

3.3.2 TAPE DIRECTORY DATA

The logical tape directory consists of onc mejor frame containing an

alphanumericvdescription of thelf“logical" tépe. The description contains

information guch as the logical HDT identification nunber, daste of generstion,
etc. Each minor frame of the tape directory begins with the six bytes of
standard identification informstion, followed by the tape description and zero
£111. A major frame of tape directory is shown in Figure 3.3-2. “Table 3.3-1
liets spécific items fhat are founa in the tape directory. A tépé directory
appears at the beginning of the tape; om a 28~-track high Qensity tape additional
tape directories may appear, splitting the data into multipie “logical”™ HDT~AM
tepes. Each "logical™ HDT-AM taﬁe fits onto a uingle i&*ttack high density

tepe. Scenes are not divided between logical tapes.

The correlatfon between the external tape label and the logical tape identifier
i 8o follows for various circumstances:
a. For an original 28-track HDT the tape 1label 1is the same as the
identifier of the first logical on that physical tape.
b: For lé-grack HDTs (which are 8ll copied from 28-track HDTs) the tepe
label 1s tﬁe some as the the logical identifier.
c. A vhole tape copy will have & tape label which {s .identicgi t§ the

tape label of its parent except it will confain a °c" toliﬁdicaté that

it is a copy. GES 10077
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; - 3232 bite ERREERN
i ’
;i <g. 48 bits ——— e |- ; ~(3184 Bitg)—————————t>
i ~Mirez e [ o e | : (398 Bytes)
. Fraze 32 bits 8 bits 8 bits -
, Minor
; 0 SYNC Minor | Frame _ -
. Pattern Frane Type Binary Field of 10101010...10101010101010
K Count Code ]
; Minor . {
! . sYn Minor | Frame s
: i Pattern | Frome | Tvpe | Binary Field of 10101010...10101010101010
! I Count Code
MYirpor
sYnc Minor Frane
2 rattern | rrome | Teoe | Binery Field of 10101010...10101010101010
. Ccunt Code ' |
t ' l Minor : {
3 SYNC ¥iner | Frame | ginary Field of 10101010...10101020101010 |
ParzarTn Frame l Tvpe o
| coumt ! cece ' |
Miner !
L sy Minor Frane | _ |
Pattern ) Frame Tvpe Bingcry Field of 10101010...10101010101010 !
Count ! Cede !
. ( ¥inor |
5 SYXNC Minor | Franme
Pattern Frame | Tvpe Binary Field of 10101010...10101010101010 -
, Cournt ! Code
. ! { *inor ;
: wNC Miner Trere
6 | ;;;:e:n g ! T;pee Binary Field of 10101010...10101010101010 !
! Ceert ! Cede
‘ ‘ ! MinoT | .
7 $YRC Yaor | Frace | pynary Fleld of 10101010...10101010101010 |
Pattern | Frame | Tvpe | . :
Court Coce ) |

Figure 3.3-1. Cne Hajor FTrome of Preamble/Filler

3-14
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OF POOR QUALITY 15 April 1982
<8 : 3232 bits |
-3 48 bits ——plw (3186 bits) -
Minor P S N . S N " . ) P
Frame 32 bits ‘ 8 bits 8 bits (398 bytes)
. . Minor :
40 Bytes of 4 Bytes : 354 Bytes
v 0 gYNC ?inor grame Tape Directory | . of of
attern | Trame | Iype Data CHECKSUM Zero Fill
Count Code -
. See Table 3.3-1
Minor '
. i
1 SYRC ¥inor | Fraze Mincr Freme € Repeated

Pattern | Frame | Type
B | Count | Code

Minor
2 SYNC Minor | Frame ’
Pattern | Frame | Type Minor Frame O Repeated

Count | Code

, Minor
3 SYNC Minor Frame
Pattern | Frame | Type
Count Code

‘Minor Frame G Repeated

Minor ~
4 SYNC Minor Frzae
Pattern | Frame | Type
Count Code

Minor Frame 0 Fepeated

: Minor
5 SYKRC Minor Fraune
Pattern | Frame | Type
Court Code l

JOSp——

Minor Frame 0 Repeated

| Miror ’ ’
6 SYNC Minor Frame Tram . .
Pattern | Frame | Tvpe 4 Minor Frame 0 Repeatec |
Count Code o |
- T Minor |
W\ A
7 gzziern ;i:;: g;z:e Minor Frame 0 Regeated
Crunt Code

Figure 3.3-2. Omne Major Frame of Tape Directory
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N ) ’ ) Table 3.}‘-1.7 Logical Tspe Directory Data Eletbenis .
'3 A. Tape ldeatification
BYTES DATA DESCRIPTION
: 1 -2 l LN Logical Tape ldentification - contains 20 ASCII
. bytes of tape identification:
3 -4 Miy I A Landsat mission designator
_ N = Mission Number (4 for landsat-D, 5 for
§ - 6 Aly Landsat-D*, O for these logicals con~-
; taining both Lendsat-D and D Prime)
78 Yy | p "M" = MSS sensor type
_ “HA" = Tape type designater for HDT-A
& 9 - 10 DD YY = Last two digits of year (00-99) :
X DDD = Day of year (001-366) on which original
1] - 12 X 1 X . HDT-AM tape was genersted .
_ XX = Unique identifier (1-99) for cach logical
13 - 14 ¥l generated on day DDD
{ . ¥ = blank
15 - 16 b (¥
17 - 18 LR :
19 ~ 20 -3 I ]
21 - 22 Day tMon Date of Tape Generation - contains the dste &{n binary,
' where Yr is the last tvo digits of the year. (For a
) copy tape this contains tne date the original was
23 Yr generated.)
s 24 XXX Scurce of HDT-AM production - hardware string used
§ ' to generate tape:
L 001)8 o MIPS @1
: ()02)8 MIPS &2
. 003)B e KIPS @3
25 -~_60 R Snftware Vercion Number = 16 ASCII brtes
E \ 41 - 44 XX XXX CHECKSUM value for bytes 1-40 of Tape Directory
: XXX - XXX
] s - 398 [coofooo | Zero F111 (not used)
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The part of the tape directory which containg the generation date will not be
changed during the copy process, it will always contain the date on which che

original was generated.

3.3.3 BAND HEADER DATA

The band header contains information associated with a partizular band cf image

- data. This information describes the conditione under which the fusge was

 recorded and the formats used. Figure 3.3-3 illustrates a major frame of header

data.

Header data are subdivided into f£ive groups:
a. Izoage identiffcation
b. Spacecraft description
c. Time of exposure and WRS designator
d. Data icentification and characteristice

e. Special purpose Zields.

The data elements of these groups are listed im Table 3.3-2. Unless otherwice

noted, all alphanumeric data in the header is ASCII encolied and all nvmerical

“"counts” are encoded in binary.

3.3.4 _ANCILLARY DATA

The aﬁcillary data provides geometric correction information which enables

partiaglly processed imagery c¢o be fully processed at a later date, i.e., to go

GES 0077

3-17




Minor
Frame

[ T T siee X
ORIGIN A - FALE S

OF POOR QUALITY

GES 10077
Revigion D
15 April 1982

<t 3232 bits o
<@ {8 bits | < (3184 bits) B
-, —3> | <t B | < (398 bytes)
32 bits 8 bits B bits ' -
A , Minor . 3 44 Bytes "
SYNC Minor | Frame 316 Bytes of | 4 Bytes |Bytes {of Tape Direc~
Pattern Frame | Tyve Band Header of - |of Zero|tory Data
Court | Cole . Data CIECKSUM JF31Y - : :
\ : : —_— )
See Table 3.3-2
Minor
SYNC Minor | Frame Minor Frame O Repeated
Pattern Frame | Type
Count Code
_ Mipor : {
SYNC Minor | Frame Minor Frame O Repeated -
Fattern Frawme | Type
Count Code
:h Minor T ;
l EYNC Minor | Frame Minos ¥Yrame O Repeated
Pattern Frame ; Type
Count Code
i Minor
SYRC Minor Frame Minor Frame O Repeated
Pattern Frome | Type '
- Count Cede
Minor
-1 SYNC Miosor | Frame Minor Frame O Repeated’
- Pattern | Fraoe'| Type
‘ Count | Code
Minor .
SYNC Minor | Frame Minor Frame O Repeated
Pattarn Fiame Type . '
- “Ceount CoCe §{ __ . .
R i v - — — - ———
SYNC Minor | Frame Minor Frame O Repeated
Fattern Frame | Type :
Count Code .
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Table 3.3-2. Header Data Elements

A. Imape Identification
BYTES DATA ' DESCRIPTION
1-2 B I N Image Identification (ASCII) - unique imaBe
identifier of the form: -
3 =4 D n. .UNCDDDHHMMSB where
N = Landsat mission number:4 or 5
5 -6 D D DDDD = Days after lsunch at time of
. b i
7-8 R P Ki = Hogrsggvg mgnof otservation
M = Minute at time of observation
9 - 10 M M S = Tens of seconds at time of observation,
- where time of observation is universal
time (GMT) .
1-12 s | B8] B = Band Identification Code:
1, 2, 3, or 4 for MSS,
13 - 14 B M
WRS Designator (ASCII) - unique terrestrial
15 ~ 16 P P image f{dentifier of the form:
MPPPRRR where »
17 - 18 P R M = A (for ascending node) or
D (for desceading node)
19 - 20 R R PPP = WRS path number
RRR = WRS row nwuber
21 - 22 Duay | Dio
: Date of Tape Generatf{on - contains the date
23 Yr in binary, where ¥r is the last two digits of
the year. {For & copy tape this contains the
4 - : date the originsl was generated.)
2 m - ?ayp Fill (1ot uced)
25 - 30 ~
B. Spacecraft Description
31 - 32 '« Is Sensor Tdenvification (ASCII)
33 - 34 s ¥
35 - 38 LI
39 - 40 00 § N Mission Nunber (binary) - lo)lﬂ- for Landsat-D

and 5)1n for Landsat-D Prime

3-19

P

—......__..._.,.__....-.-...._
€ vt




B.

GES 10077 ' g
ORIGINAL PAGE 8 . Revicion D :

Tadble 3.3-2. Header Dats Rlements>(cont'd)

Spacecraft Description (cont'd)

BYTES DATA DESCRIPTION ‘
81 - 42 X 0 Orbit Nurher (binary)-spacecraft orbit durin;
. vhich the imege was acquired
o Active Detector Status - contains detecter status ;
43 - 44 1:1 9: See for the 24 MSS detectors. Thare ic 1 bit per
{ Table detector starting with detector 1 status in the
45 - 46 17:]000 3.3-3 left-most bit, with @ 1 indicating an active .
status. If a sensor is disabled or inactive ;
47 - 48 000 }0C0 during the data acguisition pass, this status :
wili be O,
49 - 50 000|000
51 oo Active Detector Count (binary)-the number of
active detectors
52 - 53 : Nominal number of fimepe dats pixels per scan line
in geometrically uncorrected image (binary).
0 : Zero Fill (not used)
54 ~ 56 000 D30

Time of Exposure/WRS Designator (ASCII unless otherwise speciiied)

57 - 66 000|000 : Zero Fill (not used)

World Reference Svstem (WRS) Designator in Fully
Processed Imape (binary):

67 - 68 002 724 Scan line containing WRS center, alwvays 1492)10

69 - 70 00Q_000 Pixel number of WRS center, always O (not used,
veservad for lster entry during geometric

=72 Yr [Yr correction process) '

73 - 74 D b Universal Time (GMT) of Picture Center:
lost 2 digits of year (00-99)

15 - 76 D [Hr Day of year (3 digits: 001-366)

» Hour (2 digits: 00-23)
77 - 78 Er fMin Minutes (2 digits: 00-5%)
. Seconds (2 digits: 00-59) and

79 - B0 Min {Sec Milliseconds (3 digits: 000-999)

gl - 82 Sec fus '

83 - 84 ws s

85 - 86 ¥

3-20
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Hecder Date Elements.(cont'd) ~ 15 April 1982

D. Data ldentification and Characteristics

BYTES DATA

87 - 88 | 006 240

89 - 90 | 000 010

91 - 92 | 000 260

DESCRIPTION

Number of Bits per Minor Frame. (binary)
This will always be 3232)10

b

_Number of Minor Frames Per Major Frame. (binsry)

This will -always be~8)10

Number ~»f Bytes of data in Section E, Special
Purpose Flelds: (binary)

aluaya 176)10 (includes CHECKSUM)

Annotation Data Characteristics (binary)

93 C16

w
£~

95 - 96 | 003 252

Number of Miror Frames which contain Annotatic .
Data, alwvays 14)10

Number of Major Frames of Annotation
Data, always 2)10

Totel number of Bytes of Annotation
Data, alwaysl1706)10

Ancillary Data Characteristics

97 320

98 032‘

99 - 100 | 000)

E
1O
!

Number of Minor Frames of Anclllery
Data, always 208)10

Number of Major Frames of Ancillary Data, always
26)10

Zero Fill (not used)

Geometric Corrections Applied,
alvays 000)8 = No

Geometric Correction Data Present,
alvays 377)8 = Yes

Radiometric Correction Applied,
377)8 = Yes; 000)8 = No

Radiometric Correction Data Present,
377)8 s Yes; OGO)8 = No

Imnge Data Characteristics (binar, unless othervise specified)

101
102 377
103 [
104 ‘.!IIII
105 - 106 004 540 |

107 - 108 EOOO 000

109 - 110 {000 044 ]

Number of Msjor Frames of Image ﬁéta,
always 2600)10

Zero Fill (not used)

Hunber of 7-Bit Calibration/Quality Data Verds
Per Scen Line, always 36}10
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D. Data Jdentification and Characteristics (cont'd)

BYTES

i

12
113

114
115
116

11?7

118

119 - 120

121 - 122

123

DATA

000

DESCRIPTION

Imace Data Format = alvays O00), for ~comectrically

000

000

000

uncorrected rectangular image.

Zero Fill (not used)

Interlecving Tvpe Indicator, always 0)8 for BSQ

1000

Line Interleaving Count, always 0)8 for non--

007

300

interleaved data

Number of Bits Per Pixel, always 7)10

Resampling Applied, aluays 300)8 = None

000 000

000 j00C

000

Map Projection Selected (corresponds to first
map projection in ancillary and annotation
data sections, second map projection is alwavs
Space Oblique Mercator):

011)8 = Universal Transverse Mercator (UTM)
022)8 e Polar Stereographic (PS.

WRS Offsmet from Fullv Processed Image Center,
always 0 (rot used, reserved for later entry
during geometric correction process),

Zero Fill (not used)

Inage Date Justification, always O indicating left
justification. (lLinear data, 6-bit, has zero in
HMSB.) :
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D. Data Identification and Characterisitics (cont'd)

BYTES DATA ' ~ DESCRIPTION
124 Location of Most Significant Bit, always O,-

indicating left

125 - 126 006734 Number of Pixels Per Scan Line, in both -

partially processed and fully processed image
data, always 3548),, including f111 pixels.

127 - 128 000000 Zero Fill (not used) 7
129 - t 004 . : - Number of im&ges per 'Scené”,u always b)io

130 X MSS band number in ASCII: 1, 2, 3 or &
131 - 144 | 000{000 Zero Fill (not used)

E. Special Purpose Fields

145 : Orbital Direction - 000)_, = Descending Nede
372’)8 = Ascending Node

146 E Overall Band Quality Indicator (ASCII)
o See table 3,3-4,
147 Radiometric Calibration Mathod

000)8
011)8
033)8
055)8

148 - Zero Fill (not used)

149 - 152 O § XXX ' Relative Calibration Accuracy, maximum dif-
XXX oo ference between detector means for the image,
FLS format -

No corrections applied

Histogran method

Cal wedge values only (no histograms)
Non-standard corrections applied

153 - 154 00 {ooof Zero Fill (not used)
155 00
156 o] ~ Sensor Mode

007)8 low gain linear
070)8 = jow gain compressed
077), = high gain linear

300)2 high gain compressed

Input Data Quality Indicetors

Assessment of the data utiliged in
generating the partieslly processed image.

157-158 xxx b Number of e}?hcmeris data points in the telemetry
interval (binary) N

159-160 XXX §XXX Number of rcjected ephemeris data points in the
telemetry interval (binary)

161-162 UX XX Number of nttitude data points in the telemetry
interval (binary)
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163-164 XX 1 XXX ‘Number of rejected attitude data points in the
" telemetry interval (binary)
Telemetry:
165 - 168 XXX| XXX - Length. of telemetry interval in seconds, FLS format
- 169 ' ' ZERO FILL
170 ZERO FILL
171 - 182 XXX POX Accuracy of ephemeris fit, RMS difference in
Yol XXX meters between fit and data points. 3 values in .
FLS format, one each for altitude, along-track T
position, and across-track position.
183 ZERO FILL
184 ZERO FILL
185 - 196 XXX XXX , Accuracy of attirude fit, RSS anglar
XXX fox ‘dncrement between successive data points.
3 values in FLS farmat, one each for pitch,
roll and yaw. '
Control Points:
Overall Band qualities (ASCII) of scene from
which control points were extracted (reference
image) (See byte 146 in header for definition)
197 X Band 1 '
198 X I Band 2
199 ] Z Band 3
200 (x) Band 4
201 [:::] Number of geodetic points used in reference iéaée
control point extraction process (binary)
202 Average* previous registration success.
. ) Percent previous successful yegistrationms of
control points (binary) :
203- 204 0001000 | ' Zero £111 (not used)

“Average of CPs used in calculations for present sccene

3-24
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Header Data Blemants (cont'd)

‘B. Special Purpose Fields (cont'qd)

205 - 208

209 - 216 .

217 - 220 - -

221 -~ 224

225

226
227 - 230
231

232

233 - 236

237 - 238

239 - 240

XA} XXX
XXX] XXX

xxX]
XXX{ XXX |

XXX| XXX

XXX | XXX

000}000 |
0001000

000

Average® initial sutocorrelation peak value,
FLS format

Ninety percent error ellipse of control points
in reference image. Two values, along-track
and across-track, in FLS format (in meters)

"Correlation Factor

Average® of control point correlation peak
values, in FLS format,

Average® control point euitability measure
Average of autocorrelation surface pesk
curvatures, in FLS format.

Nominal Overlap Mark Pixel Offaet in fully
processed image data (binary), see Figure 3.3-6.

Quality assessment of sppended geometric
modeling data. (ASCII) Sae Tabdble 3,.3-3.

Zero £111 (not used)

Data Source (ASCII) v
W-TDRSS/White Sands, S~Sinulator, U-Alasha,
T-Transportable Ground Station, N-NTTF
F-Foreign, G-Goldstonme

Regserved for future use @s a processing
anomaly indicator
Zero £1i1

Uncorractable ECC count for the acene (binary)
Total count asccumulated during input of data
in HDT-AM creation process.

Indicationh of bit error vate for the scene (binary)

Number of sweeps which had at least one

minor frame sync loegs {more than three
consecutive minor froame sync words containing
at least one bit error)}, There are 6 bits per
sync word, Including calibration data there
are sbout 2100 sync words per aweep,
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Table 3.3-2. Header Data Elemente (cont'd)

E. Special Purpose Fields (cont'd)

BYTES

24) =242

(]

2463

244

245 - 280

DATA

=

-DESCRIPTION
2Zero Fill (not used)

Use of Nominal Calibration Hedge Values (CwW\')

000) 4 = Not used . A

007)8’° Used for comparison only

070)8 @ Used to replace CWVs outside window,

' but not used in vadiometric calibration

O77)8 = Used to replace CWVs outside window and
uged in radiometric calibration

Window Sieze (binary)
The neighborhood of the nomingl values to
which the actual CWVs are compared

Nominal Calibration Wedge Values
36 one-byte binary values (six values for
each of six detectors). Always 6 bit nucmbers,
since the comperison is with CWVs before
decompression.
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Calibration Wedge Quality

GES 10977
Revigicn D
15 April 1982

Total number of times CWV did not fall
into Nominal + Window neighborhood.
One, one byte value for each sample
sor. Since samples are acquired
on alternate sweepc, the maximum value

.and sen

for each sample and sensor is 200.

281 Sensor 1 Sample 1
282 Sensor 1 Sapmple .2
283 Sensor 1 " Sample 3 -
284 Sensor 1 Sample 4
285 Sensor 1 Sample 5
286 Sensor 1 Sémple 6
287 Sensor 2 Sample 1
288 Sensor 2 Sample 2
289 Sensor 2 Sample 3
290 Sensor 2 Sémple 4
291 . Sensor 2 Sample 5
292 Sensor 2 Sample 6
g293 Sensor 3 Sample 1
294 Sensor 3 Sanple 2
295 Sensor 3 Ssmple 3
296 Sensor 3 Sample &
{297 Sensor 3 Sample 5
298 Sensor 3 Sample 6
[599 Sengor 4 Sample 1
300 Sensor 4 Sample 2
301 Sensor 4 Sample 3 -
‘223;] Sensor 4 Sample &
3-27
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303 ' Sensor & Sample 5

304f Sensor & Sample 6

305 ‘Sensor 5 Sample 1

306 Sensor S Sample 2

307 Sensor 5 Sample 3

3084 Sensor 5 Sample 4

309 Sensor 5 Sample 5

3i§] Sensor 5 Sample 6

311 Sensor 6 Sample 1

312 Sensor 6 Sample 2

313 Sensor 6 Sample 3

y 314 | Sensor 6 Sanple &4

315 ' -‘Sensor 6 Sample 5

. 316 . Sensor 6 Sample 6
317 - 320 XXX | XXX CHECKSUM Value for Header Data, includes only

XN XXX the data in bytes 1 - 316
321 - 354 Zero Fill (not used)

355 - 398 See Table 3.3-1 - Data bytes of the tape directory are repeated

i ‘ here for special processing purposes. (The .
o tape directory CHECKSUM value includes only :he
: data in bytes 355 - 394.)

PO
.
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Table 3.3-3. Active Detector Byte Assignment

e -y

: BIT POSITION INTRA-BAND
. BYTES 43=45 _ DETECTOR »
: IN EEADER DATA ~ ASSIGNMENT ) -
; 1 Band i ~ Detector 1
2 Band 1 Detector 2
3 Band 1 Detector 3
4 Band 1 Detector &
5 Band 1 Detector 5
6 Band 1 Detector 6
7 Band 2 Detector 1
8 Band 2 Detector 2
: 9 Band 2 Detector 3
g 10 ' Band 2 Detector 4
; 11 Band 2 Detector 5
12 Band 2 Detector 6
13 Band 3 Detector 1
14 Band 3 Detector 2
15 Bahd 3 Detector 3
16 ' ' : Band 3 Detector 4
17 Band 3 Detector 5
18 ’ Band 3 Detector 6
19 B&nd 4 Detector 1
20 Band 4 Detector 2
21 Band 4 Detector 3
22 : Band 4 Detecter 4
23 Band 4 Detector 5
24 Band 4 Detector 6
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Table 3.3-4.. Overall Band Quality Codes .
' (byte 146 4n Header Data Section)

The sssessment of the overall quality of a band of imagery is -

_ besed on the combined geometric, rediometric, and image data quality. -
4 The codes are cslculated as follows o : i
i - -
Code Relative Quality Geometric? Radiometric* Image®
Correction Correction Data
Quality - Quality Quality
Code Code Code
C E E E
j B E E G
A E G E
: 9 G E E
8 E G G
i 7 ‘G E G
: 6 G G E
7 5 G G - G
¥ 4 A E E
3 A E G
2 A G E
1 A G G
0 A E or G orA . A
0 Acceptable A | A Eor Gor A
0 Acceptable All combinations of GCQC, RCQC and IDQC not i
listed abovp - ’ - g

% E=EXCELLERT
G=GOOD
A=ACCEPTABLE

The Geometric Correction Quality Code 45 defined in Table 3.3-5.
The Radiometric Correction Quality Code is defined as follows: 5

0 €< RCA < 1.0DE
* 1.0 < KCA ¢ 2.0=DG
2.0 < KCa =

Where RCA 15 the Relative Calibration accuracy as defined in bytes 149

through 152 of the header.
The Image quality Code is defined as follous

0 € LI ¢ 1.5=>E
iy ' 1.5 € DQ1 € 4.5=>6

T TR

-—

4.5 € DQI DA

Where DQI is defined as D I=Major frame synch losses + Minor Frame synch
losses/20 + Unrecoversble ECC count errors/20
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Table 3.3-5. Overall Geometric Asseésment Quality-COdee
(Byte 226 in Header Data Section)

5 ' » The assessment of the overall quelity of the geometrlc modeling’
i . process is based upon the number and distribution of control points

4 used. The code actually represents the aumber of parameters modeled

in the Geometric Correction Data proceesing. The code can take on

the following values:

R e e A e T,

Code Parameters Modeled Overall Band Quality Code
i 0 none, correction is o A
? SCD only ’
‘ 2 Along track, across G

track (control points
used to calculate
translation errors)

4 Along track, across E
track, yaw.,altitude

o e e v 4 mezesa oo oy

6 Along track, across S
track, yaw,altitude,
slong track rate,
across track rate
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from @ geometrically uncorrscted array of plxaia t2 a guqmetr&cslly, corrected.
array of pixals. A total of 25 aajor frames ef ancillaiy dete conatituta the
ancillary data secticn. A geasralized amojor fruée of aercillary ‘data i
illuatrated in FSsure 3.3=4. The encillary major frames contain informstion 4n
the follouing crder:
| a. Two major ffames of geomctric‘aodcling uata ‘
b. Eight ma,.r franes of UTH or PS5 (depending on drege latitheS Bap
projection dependent data
c. Efght major {rames of SOM map projection dspendent dats, 1h .the pase

format as the previous vight mejor frames

d. Efght major framee »f cero £111. ;

3.3.6.} Geometric Modeling Data

As 1nd£gatcd above, the firpt two major frames of ancillary data contaln
_geomatric' modeling data. The data elementgs that comprise this section are
delinested in Table 3.3-6. The firet major frame contains a aaf of “universal”
gpacecraft cpnétanta} the values of these constants are given in Table 3.3-7.

The second major frame conraing spacecraft paramaters related to tha dindividusal

Bacegne.

A discugsion of the'geumetric correction process {p given 4n Date Formgt Control

Bock, Volume VI, Products (reference paragraph 2.2.b).

3.3.4.2 Projection Data

Malor fremas 3 through 10 support either the UTYH or PS map projection and sve

GES 10077
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-

-3————— 48 bits
<——-—a-!-'a———e-’-a———>-

P

13232 bits -

(3184 bits)o o

(398 bytes)

32 bits B bits 8 bits
’ Minor -
STNC Minor | Frame 398 bytes of anci{liary data® -
Pattern | Frame | Type Bytes 1 through 398 .-
Count Code '
Miror .
SYNC Minor Freme 398 bytes of anctllafy data*
Pattern F:‘_a:.e Type Bytes 399 thruugh 96
Count | Code ' ]
Miner
SYNC Minor Freae 398 bytes of ancillary datax
Pattern | Fraze | Type Bytes 797 through 1194
Count Code
Minor
STNC Minor | Fraze 398 bytes of ancillary deta¥®
Pattera | Frame | Tvpe Bytes 1195 through 1592
Count Code
Minor
SYNC Minor | Franme 398 bytes of ancillary data*
Pattern | Frame | Type Bytes 1593 through 1990
Count Code
Minor N
SYNC Minér | Fraxe 398 bytes of ancillery data *
Pattern F:ame 'J\.‘-pe B}'tes 1991 Chl‘ough 2388
Count Code i
syue Minos ;%:;; 398 bytes of ancillary data * !
Pattern | Frame | Tyie Bytes 2389 through 2786 |
- { Couns Coce |
. ) {inor 394 bytes of ancillary data® {4 Bytes !
SYNC Minor | Fraxe Bytes 2787 through ?;180 o)f’ %
Parttern | Frace Tyvpe . HECKSUM i
Court i Code : !

Ploure 3.3-4.

*fytec alleocations arc described in Tables
3.3-6 and 3.3-8.

One Major Frame of Ancillary
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Tedle 3.3-6. Geometric Modeling Ancillary Data Elementa

Ancillary Hajor Freme 1

Containc gensor related constants used in
geometric corrsction = not scene dependent.

Data Description

Date

Dytes Representation®

1 -4 FP .. Nominal number of pirels per input line.

5-8 FP Rumber of input lines in the partially processed
image

¢ - 16 FL Nominal scele of input inter-pixel dtstance in
weters por pixel

17 - 24 TL Hominal scele of input inter-line distance in
@eters per pixel

25 - 28 P Number of pixels per output line of fully
procesced image

29 - %2 FP Rumber of lines per output {mage of fully

' processed {mage

33 - 40 FL Scale of fully processed output 1nter-pixel
digtance {n meters per pixel

4l - 4B ¥L Scale of fully processd output inter-line
distance in meters per pixel

49 - 56 FL Nominal gpacecraft altitude in wmeters

57 . 64 FL Nominal 4nput swath width in meters .

65 - 96 L MSS mirror model coefficients (4 values, 8 bytes

) each) 4 FL format zeros :

97 - 104 FL MSS meaximum mirror angle in radians

105 - 112 L Scan skew constant (as a result of finite scan time)

113 - 120 FL Tipe between successive MSS mirror swaeps 1n
geconds

121 - 128 FL Time for the active portion of an MSS mirror

) swveep in seconds

129 - 136 L . Semi-major axis of Earth ellipsoid (International
Spheroid)

137 - 144 FL Semi-minor axis of Earth ellipsoid (Internatiowa;
Srheroid)

145 - 152 FL Earth curvature constant (dependent on gpace-

‘ craft's nominal gltitudeand Earth radius)

153 - 248 FLS MSS sampling delay constants (24 values, one for
edch detector) measured in input image along~
scan gixel units (4 dbytes sach)

249 - 256 - Zero fi

257 ~ 268 FLS HSS band-to-band offsets with respect to band 1l
(3 values: one each for bands 2, 3, &) measured

in input Zmape along-scan pixel units

269 - 3180 - Zero 111 . -~

3181 - 3184 Binary Checkeuwm for Bytes 1-3180 '

® FL @ Floating Point Bingry Format
FLS = Single Precision Floating Point Binary Format
FP = Fixed Point Binary Format
Reference paragraph 3.2.3.4
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Geometric Modeling Anciliary Data Elements (Cont'd)

Ancillary Major Frame 2

Contains scene'dependent parscmeters

Data Data Description
Bytes {Representation® ' .
1-8 ASCIX HRS frame and orbit numbers BFPP-path, BRRRerow
9 ~ 16 FL WPS center latitude in radians
17 - 24 FL : WRS center longitude in.radfans
25 - 40 ASCII Spacecraft time of frame center (Universal time), same
format as bytes 71-86 in Header
41 - 48 - Zero fill
49 - 56 FL Scene Center latitude in radiasns**
57 - 64 FL Scene Center longitude in radians
65 - 88 FL Scene Center in Earth~-centered Earth-fixed coordinates in
metexrs (3 values, 8 bytes each)
89 - 96 FL Spacecraft heading angle at scene center (beta) in radians
97 - 104 FL Scan line coordinste of scene center in partially processed.
~ image
105 - 112 FL Pixel coordinate of scene center in partially processedimagd
113 = 120 FL Normalized spacecraft velocity error from nominal at
nadir
121 - 128 FL Earth rotation velocity st nadir in meters per second
129 - 132 FLS The Earth rotation parameter (image skew), in radians
133 -~ 240 Fo Piteh in radinas
141 - 148 FL Roil in radians ‘
149 - 156 FL Yaw in radians :
157 - 164 FL X in Km.
165 ~ 172 FL Y in Kom.
173 -~ 180 FL Z in Km.
181 - 188 FL Delta pitch in redians/Sec
189 ~ 196 FL Delta roll in radians/Sec
197 ~ 204 FL Delts yaw in radians/Sec
205 ~ 212 FL Delta X in Km/Sec
213 - 220 FL Delta Y in Km/Sec
221 - 228 FL . Delta Z in Km/Sec
228 -~ 244 Zero Pill .
245 - 248 P Total number of CPs used in attitude/ephemeris fit
249 - 252 FP Number of GCPs used : .
253 - 256 FP Total number of CP correlations attempted
257 - 260 FP Number of correlated CPs rejected during modeling process
(1.e., outside predefined limits, 1ndicating an undesire-
. able CP for some reason)
261 - 264 FLS RMS along-track geometric modeling error (i.e., how
well the geometric model matched the CP data), in
meters
265 - 268 FLS - RMS across-track geometric modeling error. ‘in meters
269 - 275 -— Zero Fill
276 - 300 Binary Distribution of CPs used. The number of CPs in each
gzone of the VRS frame is given. (one byte per zone)
301 - 500 ASCII Identification of CPs used. Up to 25 CB's each using
eight bytes of the format ¥BTXXYYY where ¥.= blank;
B = Band number 1,2,3,or4; T = Type (G,S,R); @
_ _ Zone 01-25; YYY = Sequence within Scene 001 999
501 - 600 - Zero Fill
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Geometric Modeling Ancillary Datr “lementa fcont ')

Ancilliery Msjor Frame 2

Contains scene dependent parameters -

. Data Data Description
Bytes Representation® <

601 = 660 - 2ero Fill

Geometric Correction Parameters®®®

Ephemeris Data:

. Time of the first set of ephemeris entties in ASCII.

661 -~ 662} Yr. Yr.
663 - 664 D D
665 « 666 D Rr
667 -~ 668 | Mr Min
669 - 6701 Min [Sec
671 - 672 | Sec Msec
673 « 674 Msec IMsec

RICIVAL PAST IS

PR -

OF POOR QUALITY
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Table 3,3-6.

Whray an' .
Revigion D

S 15 April 1982
Geonmetric Modeling Ancillary Data Elements (cont'a)

Ancillary Major Frame 2

Containg scene dependent parameters

_ Data Data Description
Bytes Representation®

675 - 678 FLS Time interval between successive sets of ephemeris
entries (in seconds)

679 - 682 FP . Number of sets of ephemeris entries

683 - 1130 Up to 16 sets of ephemeris entries, each set consists
of seven values: spacecraft location (x,y,z) in FLS
format, spacecraft velocity (Xx, Vy, Vz)in FLS format
und a data quality 4indicator in FP format. Coordinate
system is Earth~centered, Earth-fixed.

Attitude Data:

1131 - 1132} Yr. |Yr. Time of the first set of attitude entries in ASCII.

1133 - 1134 D D

1135 - 1136f D |Hr

1137 - 1138] Er |Min ORIGINAL PAGE IS

1139 - 1140} Min [Sec OF POOR QUALITY

1141 - 1142] Sec [Msec

1143 - 1144] Msec |Msec

1145 -~ 1148 FLS Time interval between successive sets of attitude
entries, in geconds

1149 - 1152y ~*p Number of sets of attitude entries

1153 - 2112 Up to 60 sets of asttitude entries, each set consicts
of four values: pitch angle (radians) in ¥FLS format,
roll angle (radians) in FLS format, yaw angle (radizas)
in FLS format, and a data quality indicator in FP
format,

2113 - 2832 FLS Partial derivatives for SOM projection. There are 12
matrices, each matrix is 3 x 5. The 12 matrices
are partial derivatives of X and Y with respect to
each of six spacecraft paremeters: along-track
location, across-track locstion, altitude, pitch,
roll, yaw.

2833 - 3000 Zero Fill Zero- £1411 « not used

3001 - 3048] FLS Multiplicative and additive radiometric correction
constants, two values for ea:h of six detectors in
the order: Detector 1 multiplicative constant,
Detector 1 additive constant, Detector 2 multiplicative

. constant, etc.
3049 - 31801 Zero Fill Zero fill - not used
3181 - 3184] Binary Checksum for Bytes 1-3180

% FL = Ploating Point Binary Format

FLS = Single Precision Floating Point Binary Form
« Fixed Point Binary Format

Reference paragraph 3.2.3.4

%% A1] references refer to nadir at time of frame center.

at% Reeded for certain retrospective control point library build situations,
Unuged bytes are zero f£illed.
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Table 3;3—7. Spacecraft and Sensor Constants

GES 10077
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Data Description: Values®
Nominal number of pixels per input line 3240 -
Number of input lines in the partially processed image - 2400
Nominal scsle of input inter-pixel Jdistance in meters
per pixel 57
Nominal scale of input inter-line distance in meters
per pixel 82.7
Number of pixels per output line of fully processed
image 3548
Number of lines per output image of fully processed
image 2983
Scale of fully processed output 1nter~pixe1 distance
in meters per pixel : 57
Scale of fully processed output inter-line distance
in meters per pixel 57
Nominal spacecraft altitude in meters 705300
Nominal input swath width in meters 185000
HMSS mirror model cozfficients :
The mirror model coefficients are zero filled for. :
Landsat D. 0.0
' 0.0
0.0
‘ 0.0
MSS maximum mirror sngle 4in radians .260
Scen gkew constant in radians .00135135
Time between successive MSS mirror sweeps in seconds .07342
Time for the active portion of an MSS mirror sweep in
geconds .03226
Seni-major axis of Earth ellipsoid (International :
Spheroid) 4in meters 6378388
Semi-minor axis of Earth ellipsoid (International
Spheroid) in meters 6356912

Earth curvature constant in meters

MSS gempling delay constants (24 values, one for each
detector) measured in input image along-scan pixel
units. The MSS sampling delay constants will appear
in the following order
Band 1 detector 1}
Band 1 detector 2
Band 1 detector 3
Band 1 detector 4

-1.113315 x 10°

-.4592
-.3793
-.2995
-.2196

13
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Table 3.3-7. Spacecraft-and Sengor Constants (cont‘'d)

GES 10077
‘Revieion D
15 April 1982

Data Description Valuesg®
" Band 1 detector 5 T =,1398
Band 1 detector 6 -,0599
Band 2 detector 1 -.4193
Bend 2 de%ector 2 -.3354 *
Band 2 detector 3 -,2595
Band 2 detector 4 -.1797
Band 2 detector 5 -.0958
Band 2 detector 6 -,0200
Band 3 detector 1 .0200
Band 3 detector 2 .0998
Band 3 detector 3 1797
Band 3 detector 4 2595
Band 3 detector 5 . 3394
Band 3 detector 6 .4193
Band 4 detector 1 .0599
Band 4 detector 2 .1398
Band 4 detector 3 .2196
Band 4 detector &4 2945
Band 4 detector 5 3793
Bend 4 detector € .4592
MSS band-to-band offsets with respect to band 1 (3
values: one each for bands 2, 3, 4) measured in
input 4image along~scan pixel units vand 2 = 1,99
band 3 = 4,37
bend 4 = 6,36
#For Landsat-D, vilues for Landsat-D Prime are TBI),

ORIGINAL PAGE 1S
OF POOR QUALITY

3-39




o

LLY &VVrys
Ravision D
15 April 1982

ORIGINAL PAGE iS
OF POOR QUALITY

Table 3.3-8. Detailed Ancillary Dats Elemente,

Major Frames 3 Through 10 end 11 Through 18

tmm. TS S e .y

Major I-‘mmis! - Bytes Row Data Description
fumber Humber

3, i1 1 - 2464 1 HRS Pixel Coordinates®
245 -~ 248 1l Line Fill Left Count®
249 - 252 1l Line Fill Right Count®
253 - 4%6 2 HRS Pixel Coordinates®
497 - 500 2 Line Fill Left Count®
- 501 - 504 2 Line Fill Right Count%®
505 - 756 3 HRS Coordinates®, Counts®
757 - 3024 4 - 12 HRS Coordinates®, Counts®
3025 - 3180 — Zero Fill
3181 - 3184 — CHECRSUM

4, 22 1 - 3024 13 = 24 HRS Coordinateg®, Counts®
3025 - 3180 —— Zero Fill
3181 =~ 3184 —— CHECKSUM

5, 13 1 = 3024 25 - 36 HRS Coordinates®, Counts*
3025 - 3180 —_— Zero Fill
3181 - 3184 —_— CHECKSUM

6, 14 1 ~ 3024 37 - 48 HRS Coordinates*, Counts®
3025 - 3180 —_— -Zero Fill
3181 ~ 3184 — CHECKSUM

7, 15 1- 75 49 - 51 | HRS Coordinates®, Counts®
757 - 1008 —— Zero Fill
1009 - 1252 1l VRS Line Coordinates®
1253 - 2960 2 -8 VRS Coordinates®
2961 - 3180 — Zero Fill
318) - 3184 - — CHECKSUM

8, 16 1 - 2928 9 - 20 VRS Coordinates®
2929 - 3180 — 2ero Fill
3181 -~ 3184 —— CHECKSUM

e, 17 1 -~ 2928 21 - 32 VRS Coordinates®

: 2929 - 3180 —— Zero Fill N

3181 - 3184 —_ CHECKSLM

2Each coordinate and grid line fill count ic in the fixed
point foraat discussed 4n parograph 3.2.3.4.4.
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Detaiied Ancillary ‘Data Elements, Major Frames 3 Through

10, and 11 Through 18 (cont'd)

Hajor Frame

Number

»Bytea

Row

Numbe:'

Lata Description

10,18

1 -2928

2929 - 3072

. 3073 - 3074

3075 - 3076

3077 - 3096

3097 - 3128

33 - 44

VRS Coordinates *
Zero Fill

Pixel Number of WRS Center in fully

" Processed Image (binary)

Offset of WRS Center from Fully
Processed Image Center Pixel (in

.pixel units).**Displacement of

the World Reference System desig-~
nation with respect to the picture
center pixel (scan line 1492, pixel
1774) . Most significent bit indi-
cates the sign; "0" = positive

with WRS center to right of picture
center and "1" = negative with WRS
center to left of picture center:
(binary).

Temporal Registration Scene 1d- in
the format sghown in header bytes:

1 through 20,

Scan line and pixel numbers for the
common temporel registration region
of the referenced image and current
imege {image under processing, see
Flgure 3.3-5). The values of tem-
poral registration corners Py
through P4 are in the tabular form
given below. Entries denote byte
assignments for binary scea line
numbers and pixel numbers.

Temporal

Current Image Reference Image

Registration
Corners

e e e e o ee s

- p—

Scan Line!
1 Kunber

Number

Pixel

Scan Line
Number

Pixel
Number

3097-3098
3105-3106

3113-3114

3121-3122

38%9-~3100
3107-3108

3115-3116

3123-3124

3101-3102
3109-3110
3117-3118
3125-3126

3103-~3104
3111-3112
3119-3120
3127-3128

3129 - 3144

3129-3130

3131-3132
3133-3134

Overlsp data: (Sec Figure 3.3-6)

gcan 1ine #7d pirel numbers (in

binary} of the four overlap marks
as follows: ’
Scan Line of First Overlap Mark
(Upper Left) ;
Pixel Humber of First Overlap Mark :
Scan Line of Second Overlap Mark
(Upper RBight)
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Table 3.3-6, Detadled. Anciliery Dats Elements, Major Frames 3 Thrbugh
10, and 11 through 18 (cont‘d)

Hajor Frame Bytes Row Data Description
Number - Number .
31353136 Pixel Number of Second Overlap
_ HMark
3137-3138 Scen Line of Third Overlap Mark
(Lover Left)
3139-3140 - Pixel Number of Third Overlap.
: Mark _ :
314)-3142 Scan Line of Fourth Overlap Mark
' (Lover right) A
3143-3144 Pixel Number of Fourth Overlap
HMark

3145 - 3148 Actunl Number of Tick Marks. Ome
: byte for each edge; top, left,
right, and bottom., (binary)
3149 - 3156 - Input sample value of &4 Corner
Points in Output Image (Location
of irage date within output array)
(Band Independent) (binary)
3164 Image Orientstion Angle
Orientstion of map projecrion co-
ordinate system with respect to
center line of fully processed
image (Beta angle, in radians).
3165 - 3166 Binary NSWEEPS - The number of sweeps
: prior to scene center at which
the grid points begin (olways 184)
' Floating point binary format,
3167 - 3180 Zero Fill '
3181 - 3184 CRECKSUM (binary)

3157

% Each coordinate is in the fixed point format discussed in paragraph 3.2.3.4.4.
@% See Pigures 3.3-5 and 3,3-6 for {llustration,

v —————

BRI
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REFERENCE . REGISTERED
: IMAGE

IMAGE [] e

=d

FULLY PROCESSED
IMAGE, CENTER
PIXEL

WHERE:

Pl’PZ’P3,P4

ARE ‘THE GORMERS OF

THE OVERLAPPING REGIOXN
OF THE REFERENCE IMAGE
AND THE REGISTERED
TMAGE

Figure 3.3-5. Symbolic Representation of Temporal Registration
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s POOR QuaLiTy Revision D
g MARK OFFSET,
! SPECIFIED IN :
HEADER BYTE gz ' -
g 225 E L , r -
a FULLY PROGESSED
3 ' | IMAGE DATA
3 -
I~ "WHITE" FILL
3 1 'COMMON OVERLAP IMAGERY ‘;ggig
' TYPICAL
_ . IMAGE OVERLAP
‘ MARK ("BLACK")
THE LOCATION OF THIS
CORNER PIXEL IN THE
FULLY PROCESSED IMAGE :
IS SPECIFIED IN BYTES 32 PIXELS
3129-3144 OF ANCIL- : . :
. LARY MAJOR FRAMES 10 A g&
AXD 18 %6@00069099900‘00@96@9@0@@89@000@
8 %
1 PIXEL
8
3 , o
2 IMAGE OVERLAP MARKS
FACILITATE ALIGNMENT OF
: § CONSECUTIVE IMAGES IF A
: 32 © PATH. .
- : PIXELS &
; o
{ -]
3
[+]
[~]
Q
=]
8
]
§
-«JL» 1 PIXEL
Pigure 3.3-5. Image Overlap Marks and Common Cverlepping Imsgery
- 1t :
y
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logically coupled to the first major frame of annotation data. ¥ajor frames 1l

-:hrough 18 gpupport the SO0M wmap projection and sre logically enupled to *he™

second mnjor frame of annotetion data. Major frames 19-26 a~&¢ zero filled and

‘reserved as spareas. Byte 118 in the header (Table 3.3-2) designates the

projection type (PS or UTM) found in major frames 3 through °0. Each set of

eight-projection dats major frumes contains the following information:

EBorizontal Resampling (HRS) grid. The HRS
grid 1s a 51 by 61 clement array that defines
input pixel number as a function of position
in hybrid gpace. The HRS values are biased
by half the nominal 1line iength pluc ome, acd
are therefore zero st nominal midscen. =~ 12644 bytes
Verticai Resampling (VRS) grid. The VRS

18 a 44 by 61 element array that defines
inpﬁt li{ne number g8 a function 6f_posx£ion
in output space. The VRS values are biapéd
ty the number of sweeps prior to scene ctenter
in the useful data. This bias 18 stored in

NSWEEPS (bytes 3165 - 31586 in ancillary

major frames 10 and 18). 10736 nytes

51 left £111 counts - 204 bytres
51 right £411 counts . 204 bytes
Pixel aumber of WRS center - .2 bytes
WRS offset from image center - 2 bytes
GES 10077

; 345
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‘@, Temporal !egist;atiea‘atene identification f 20 bytes -
h. Coroeres of temporally registered area - 32 bytes
4. Location of image overlap marks : ' - 16 bytes
J. Actual number of tick marks ' - 4 bytes
k. Corners of fully procecsed imsge sraa - 8 bytes
1. Orientation of map projection coordinmate syatem - 8 bytes

TOTAL . 23680 bytes

Table 3.3-b gives the details of these major frames. It should be noted that the
HRS gpnd VRS pixel coordinates and the 1line £111 counts are given in two’s:

complement notation.

l

3.3.5 ANNOTATION DATA

Two structurally identicai majorvframes ¢’ 'cvnotation data follow the ancillary
secticn, one Jomplete wmajor frame for esca wmap projection = UTM or PS (as
ird{cated in byte 118 in the header) — followed bty SOM. When the framed image
data covers sites ﬁorth of 65°N latftude or south of 65%s latitude, PS values
are given in place of UMM values. Each wmejor ‘frame con:ain§ both the
alphanumeric information printed at the bottom of & f£ilm product and information
about the tick marks which surround the fully processed framed 1ﬁage. Figure
3.3-7 illustrates tﬁe location of both the annotation and the tick mark
information relatfve to the fully processed image writing afea. independent of

wmap projection.
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TICK MARK INFORMATION ZONE - LEFT

TICK MARK INTOFMATION ZONE - TO?

IMAGE
WRITING |
AREA

TICK MARK INFORMATICN ZOWE - RIGHT

TICK MARK INFOrMATION ZONE - BOTICH

. ANNOTATION INFORMATION LINE
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An exawple of a major frame of annotatién s given in Figure 303-8:. The fitgé
ninor fzahe of annotation data, containing the 115 bytes of qnnotat£ou data thst
is printed at the bottom of &2 filw product, is fully illustroted in Iab1e>3.3-9_
and Figure 3;3-9. The data content of the next sdx minor frames (s limited’ to
the tick marks that surround the fully prccessed image. An exarple of & major

froame of annotation is given 4a Figure 3.3-9.

Piiel 1, ecan line 1 in the fully processed image i3 the point to which all tick
mark information 15 referenced. Each tick mark 3s 1located approximately 1000
peters from the fully processed image area. The exact‘distanceé. measured froo
the renter of the edge pixel ip the image area to the tick mark, are: 997.5 .
meters (17.5 _pixels) on the bottom and right sides end 1054.5 meters (18.5
pixels) on the top end left sides. Figure 3.3-10 tllustrates tick mark featufes
and tﬁeir utilizztion '1n_ a fully processed (i.e., geometrically correctgd)
image. As shown at the bottom of Figure 3.3-10, the most aignificantbbit in the
binary tick mark location bytes opeciffes the placement and format qf the
coordinate data. Specifically, a 0" signifies the annotatfon is either b§10w
or to the right of the tick mark Qith trailing blankes and a "17 signifies‘the
annotation {s either above or to the left of the =ick mark withyléading blanks.
ick mark annotstion exawples for each of the_map'projections are pfoyided' in

Figure 3.3-11.

In the annotation major freme, space has been reserved for 16, 25, 25, and 16
tick marks on the top, left, right and bottom sides respectively. In actual

practice no more than ten tick marke will be provided on each of the four sides,

GES 10077
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- - 3232 bits - —= |
F————— 48 bits 2 a2 (3184 bits)——ou-
Minor -d—-—.\-}-ea-——>-l<s——>- (398 bytes)
Fraze 32 bits 8 bits 8 bits
. . T 2 Hinor T = y B . N g N . Zex‘o‘;
0 SYRC | Minor | Frame Annotaticn Line Data - -~ ! Fill
Pattern | Frame | Type (115 bytes) . (283 .
Count Code *bvtes)
— —~ .
See Table 3.3-7.
Minor . : Zero
SYNC Mincr | Frame Top Edge Tick Marx Data R
1 Pattern | Frame | Tyoe 16 Coordinates (9 hytes each) ! (254
| Count | Code (144 bytes) bytes)
Minor . ™ F4 Zero
SYNC Mirer | Frame |Left Sice Tick Mark Data, First Fill
2 Pattern | Frame | Tvoe 18 Coordinates (9 bytes each) 1
& P (162 bytes) - (236
Count Code hytec)
Mipor L Zero
x swc | Minor | Frame Lgft fige f_“‘;“c”“":io‘"-‘a’ Fill
S Pattern | Frame | Type oncluding 7 Coordinates (335
Count Coae (9 bytes =ach) (63 bytes) bvtes)
Minor , . lero
, SYNC Minor Fraoe Right Side Tick Mark Dats, F:.rst_ Fill
“ Pattern | Frame | Type 18 Coordinates (S by:zes each) (236
Count | Code (162 bytes) bvtes)
Yinor ‘ Zer
SYNC Minér | Freme Right Side Tick Mark Data, Fill"
5 Pattern | Fraze | Type Corcluding 7 Coordinates © (335
Count | Cede (9 bytes each) (63 bytes) lbvees)
[ MinoT | Bottom Edge Tick 4 Bytes | <erc
6 SYNC Minor | Frame | Mark Data,l€ Co-  of ¢ Fi11
Pattern | Frzne | Tvpe | ordinates (9 bytes | CHECKSUM | €20
Count | Code each) (144 bytes) bvtes) !
Minor | l
SYNC Minor | Freme !
7 Pattern | Freme | Tvpe ! Zero Fiil (398 bytes) !
Count | Coce i
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Tadble 3,3-9: Detailed Explanation of the 115
. Character Annotation Field
(Also sea Figure 3.3-9.)

Ravigion D

CHARACTER

POSITION

- EXAMPLE .

EXPLANATION - .

‘FIELD

01
09

26

35

52

62

76

76

78

- 08

- 25

- 34

- 75

- 87

07JUN82B
- CEN32-§5/W115-18

D202-101¥

N¥N33-P3/W115-428

M¥1234¥¥DY

SUNFELIPYABLS ¥

U P-¥D=-NYL2Y

Day, month and year of image acquisition

Izage Format Center - Latitude and longitude
of the center of the MSS image format in
degrees and minutes.

WRS path and vow identifier and orbitel di-
rection indicator. The "D" indicates svace-

eraft is descending, an "A" 1ndicates.epace-
craft 45 ascending. The 202 is path number
and 101 iz row nuwmber.

WRS center latitude and longitude

Sensor (MSS) and spectyal band identification
code. There are separate characters for each
band, this example shows the position of each
‘band identifler; normally only one character
is present. The "D" indicstes direct trans- .
mission from the spacecraft (not stered on-
board before transmisgion),

Sun Angles ~ the sun elevation angle and sun
azimuth angle weasured clockwise from true
North at time of midpoint of MSS frame is
cpecified to the nearest degree. Blank for
ascending node coverage.

PROCESSING CODES (These codes apply to the
geometric correction matrix values arnd to the
final gemetrically corrected image data,)
Character position 76 defines the type of
geometric correction applfed to the data:

"U" = uncorrected

"¢" = gystem level corrected

“G" = geometrically corrected besed on
geadetic faformation (no temporal
registration performed)

"I" e tempora) registration
using geodetic information from
a aingle reference scene

“R" = temporal recistration to & single
reference gcene (no geodetic
information gvailsble)

Character position 78 defines the projection:
"P" = Polar stereographic projaction

' YS" = Space Oblique mercator projection

B B e - B e M e Bmmodome

......
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Table 3,3-9, Detailed Explanation of the 115
Character Annotation Field (cont'd)

FIELD

CHARACTER
POSITION

EXAMPLE

EXPLANATION

80

81

83

85

86

88 - 100

101 - 115

RASABLANDSATY
E-N1042-16032-1

.Character position 80 indicates the-
resampling algorithm; always blank for
geometrically uncorrected data. -

Character position 81 indicates the:
type of ephemeris data used to compute
the geometric correction matrices.

"YP" = predictive

fD" = definitive
"G" - GPS

Character position 83 gives the
processing procedure:

“N" = normal processing procedure
A" = gbnormsl processing procedure

Character position 85 indicates the
sensor gain:

"H" = high gain

"L" = low gain

Character position 86 shows the type
of MSS transmission:

1" = linear mode

"*2" = compressed mode

Identifies the Agency and the Project

Frame identification number - each
image or frame will have a unique
identifier which will contain encoded
information consisting primarily of
time of acquisition (Universal Time)
relative to launch. I1ts format is
E-NDDDD~-HHMMS-B s&nd is interpreted
as follows: :
"g" = Encoded Project Identifier

N = Landsat Mission Number

DDDD = Day number, relative to launch,
~at time of observation

HH = Hour at time of observation

MM = Minute at time of cbservation

5 = Tens of seconds at time of
observation

B = Band identification code
(4ss): 1, 2, 3, 4
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PIXEL NUMBER 1
SCAN LINE NUMBER 1

H—_"— PIxBLs—————e‘—l

2137
SCAN
LINES

i
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© 0 8N OIY
9032090
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0800200000000V NOD)

Don

22 0000NHKONNVNVVLONGGHOVOOUNOOOONLO

0
::2??>

DGOV VHLOVLVOOVAWONADULVOHIVVDON

S0000COO00NNGON0C00ND0DNNO0OOLY

00030 0NNVAOVUVUAOOSUGUGOVIUG
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QOOIVOCOESOCOCDS 0E
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006000060\9_000900
05 ©0QO0LA 000G 6O 6D
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gy

o
o

YO 0CCO Q00900

GES 10077
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ORIGINAL PAGE IS
OF POOR QUALITY

1C24.5 maters
ANNOTATION FORMAT
AND LOCATION WITH
RESPECT 10
TICK MARK#
‘BINARY COORDINATE DATA
LOCATICN OF (LEADING BLANKS
TICK MARK FORMAT SHOWN)
T/ - W — \
|
TO? 10000010 | 00000101 | ¥ ¥ ¥ E 5 5
S1DE 10001000 | 01011001 Y ¥ ¥ ] 3 5 -

| AUHEN MSB = 1, AWNOTATION IS ABOVE OR TO LEFT OF TICK MARK WITH LEADING BLANKS,

WHEN MSB = O, ANNOTATION IS BELOW OR TO RIGHT OF TICK MARX WITH TRAILING BLANKS.

Fiaure 3.3-10.

An Example of the Placement of Twro Tick Mark

Coordinstes and Yhelr Corresponding Annotation
with Respect to Fully Processed Image Data
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UTM Tick Mark (ASCII Notatlon)

BB ERERER AT

———— e’ L - \ -

3 blanks (trailing blonk
forzat)

Cocorédinate - ranges fron 000 o 953 in
increments ¢f 5; scale facter
is 10% o (therefore, value shown
represents 350,000m)

Either N for Northing (sides) or
' E for Eastirg (top end bottor)

4

Binary location of the Tick HMark:
Either Pixel Xumber for Tcp or Botiom Edge
or Line Nurcter for left or Right Side

NOTE: LEADING BLANK FORMAT IS AS IN FIGURE 3.3-10.

Polar Sterecgraphic Tick Marh (ASCII Notation)

L . :
2 blanks (trailing blanx
ferrat)

-3

Cocvéincte - sare &5 in UTH
v
Quacdrant Sign of Cocrdinzte

v
Eitrer X or Y, both can appesr on any edge
v

Binary Locaiion:of Tizk Mark - same 85 in UTM

HOTE: LEADING BLANK FORMAT IS SIMILAR TO FIGURE 3.3-10:,

Pigure 3.3-11. Tick Mack Annotaticn
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—.cd

SOM Tick Mark (ASCII Notation)

Xl x] Vi*tlo o |3 5 18
| v | - _
. ‘ - 4
§ N g )
. 1 blank (trailing blank
1gn for V format) &

Coordinate range is from ~90 to 4+90 for V and
from 1,000 to 5,000 for U; scale
fector is 104 meters. '

-Either V for top and bottom or U for sides

Binary Location of Tick Mark - game as in UTM

dete.  Leading blank format is similar to Figure 3.3-10.

i
i
¢

Figure 3.3-11. Tick Mark Annotation (continued)
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i . in oiner frames one, two, four, and six. Within cach of these minor frames the

. gick mark data is left justified (with respect to the oninor f£rame) and all
unused dota fields vill be zero filled. The concluding minor frame (number
seven) i zero filled. The order of tick wmark data, both in appearance in the

tespeétive ninor frame and on the isage product, is summarized below:

§ TICK MARK ZONE ORDESR -OF APFEARANCE
Top Left to right
Left Top to bottom
Right ' ’ Top to bottom
Botton Left to right

3.3.6 IMAGE DATA

i The 1ﬁage data section contains the radiometrically corrected image data as well

as qQuality and calibration information. Each major frame of image data contains

all the pixeles 4n a scan l4ne from & single detecior. All minor fraces of image
data (as shown 4in Figure 3.3-12) begin with oix eight-bit bytes of standard

identification information: oync patternv, minor frame count, and wrinor frame

type code. Thic field & followed by a 48-bit scan lise identification (SLID)
that uniquely identifies each ascan line. Thue, each minor freme of 4{mage data
bas the first 96 bits reserved for identification information. The SLID format
40 chown 1n Figure 3.3-13. Specifically, 4t contains the spacecraft time, a band
fndf{cotor, end a binary count. The &0-bit sepacecraft time updqte; every
alternate mirror oweep (or every 12 major freses). To provide the ugique scan

iioe (major frame) identification, e four-bit count 4s utilized. ° The count

GES 10077
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% —
G 48 bitg ——@ <@-——- 3136 bite I
<s———————gbi<a——~5>|<€¥——%> at—E-
32 bits 8 bits B8 bits 48 bits
Minor -
SYI'C Minor | Frome | Scan 448 Image Pixels
Pattern Frame | Type |Line
: . Count | Code 1D
 E———— |
SLID - Reference Figure 3,3-13.
Minor
SINC Minor | Frame | Scan 448 Image Pixels
Pattern Frame | Type Line
Count | Code ID
: Minor
SYNC Minor | Frame | Scan
Pattern Frome { Type  |Line 448 Image Pixels
' Count | Code 1D
Minor
SYNC Minor | Frame | Scan
Pattern Frame | Type Line 448 Image Pixels
Count Code ID
Minor
SYNC Minor | Frame | Scan
Pactern Frame | Type |Line 448 Image Pix<ls
Count Code 1D
Minor
SYNC HMinor Frame | Scan
448 1 P
Pattern Frame | Type |Line mage Pixels
Count | Code ID
Minor
SYNC Hinor | Frame | Scan
Pattern Frame | Type |Line 448 Image Pixels
Count Code ID
Minor
252 bits
SYNC Hinor Frame | Scan 4
Pattern Frame | Type |Line 12 Image Pixgla ofnizgg?rt
Count Code 1D )
# Reference Table 3.3-10,
Figure 3.3~12. One Major Frame of Image Data
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HESB

1LSB

15 12 11 87 43 0

WORD O: | HD §J 70 T uvp | TH }
15 12 11 872 4 3 0

¥

CWORD 1: UK | T™

I v | o1s |

12

43 0

15
WORD 2:{us lmqL

vhere: HD =

ID =

b

TH

UH

™

UM

TS

vs

HnaL

BAND
wvhere:

CIR =

Figure 3.3-13. Scan Line Ydent

358

8 7
Teap | cmr |

hundreds of days

tens of days

units of days

tens of hours

units of hours

tensg of minutes

units of minutes

tens of seconds

units of geconds - |
hundreds of milliseconds
band indicator (4 bits)
band 1 = 0001

band 2 = 0010

bad 3 = 0011

band & = 0100

birary counter that identifies
each of the 12 scan lines
generated during two mirror
sweeps. The line farthest
along the spacecraft path
vill be givea the highest
scan line number. This
counter is reset after
every second sweep.

T .

ification‘(SLID) Format
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Table 3.3-10, Support Data Elements
Image Line 7 Bit Description
Supporting Datas Word#
Data Word ’ .
1-4 2111111 *1" £11. bits -
S 0 X,.X. X XXX Original Line Length:
6 0 11; ;oxgx g 76 ». xll through Xo represents the
: 5 6_3 2l actual number of pixels in “he
original gecmetrically uncorrected
image scan line. :
g 8 XXXXXX Quality Code (See Fisure 3.3-14)
“1x2x3xéx3x6 Nominal Cal. Incicator:
Containg & 1 bit for each Calibretion
Wedge substitution; example: 000100
indicates that sample #4 was replaced
by a nominal value.
9 IJXXXX XX (CWV #1) Selected Cel. Wadge Velues (CWVe)
10 O XXXXXX {Cuv #2) Six binary nusbers; one for
11 COXXXXXZX (CWV #3) each Calibratiosn Wedge sample.
12 OXXXXXX (Cuv ¢4) Binary Values ranging frou
13 0XXX7Y XX (CWv 85) 0 to 63)10.
14 OXXXXXX (CW #6)
15 000000X Time Coce Tndicatur:
Contains a 1 bit 1f tine code in
SLID was calculated (i.e., was
not obtained from video data stream)
16 - 20 Ouvc0000D Unused, "0" £i11 tits
21 000 x15¥'4x13x12 Cal. Wedge Gain Value:
22 000X X* %X X, through X, represent the
117100978 16-bit b ber d
23 000 XX XX . -bit binary number applie
7767574 in the vadiometric correction
24 000 X3X2X1Xo process. Each value has a
fixed binary point between
positions Xjp and Zg.
25 000 XycX,,X,.X Cal. W2diqe Bias Value:
1571471372 i ¥, . through X, represent the
26 000 X)X 7 Xg 15 0
- . v’ 16-biL binary number ** applied iIn
7 000 XX, the cadfometzic corrvecvion procees.
28 000 XX <KX Each value has & fixed binary pol:w.t
372710 between positions Kz and Xl.
29-32 Histogrem Gain Value: ‘
: Same format as Cal. Wedge Gain Valuv:
33-36 Histogram Bilas Value:

Sam~ format as Cal. wzdge Bias Value

fLeft most dit of each data word is & "0 £11Z bit
eéNegative nucbers (bit 15 = 1) ere reprecented in two's complement form (cf

tue integer and fraction field together).
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SCAN LINE OCTAL . BINARY
QUALITY CODE VALUE® \| REPRESENTATION
Q, - Good quality 000 -0 000 000
Q; ~ Wot used in
Landsat-D
Q, - Filled line 007 0 000 111
on input T
Q - Filled lime 070 0 111 000
on output . : /
| i T
oW

®left most bit of the seven-bit scan line quality word is a O
£111 bit as ghown.

To properly detect and interpret o quelity code in the presence of a cne~
bit error situation, the following rule is applied:

If within either wl or l"2 there are not three like bits,
then the bit value of the majority bits within esch

three-bit dsta word 1s agpplied to reverse the binary
value of the minority bdbit,

Figure 3.3-14. Illustrations of Quality Cocdes

- &N
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starts at one and 18 incremented by one every major frame until the binary count

reaches 12. The first scan line in an image is always from detector one and has =

a count of one.

‘As ghown in Figure 3.3-12, space for up to 3548 seven-dit pixels is provided in

each major frame (448 pixels in minor frames O through 6 and 412 pixele in minor
frame 7). Compressed pixels will have been decompressed into seven-bit pixezls.

Six-bit pixels received in the linear mode have a zero as the MSE.

For Landsat-D and D Prime, two options are available to determine the gain- and
bias wvalues for each detector which are ihen used to radfiometrically calibxate
the input image data. The first uses the calibrztion wedge while the eecond
uses histograms of 1image data. Byte 147 in the header indicates which option
wvas used. The support data for eacﬁ image dsta wajor frame contains both sets
of gain ané offsét values (aee'Table 3.3-10). A discussion of the radiometric
calibration options is given in Date Format Control Book, Vélume VI: bProducts
(reference paragraph 2.2.b). The calibration wedge option was utilized by all
previous Landsats. The multiplicative and additive constants which are also
used in the calibration process are given in bytes 3001-3048 in the second

encillary major frame.

It chould be pointed out that because of computational roundoffs and occasional
dugi éntries in the decompression tables the radiometric celibrstion process is

not uniquely reversible.

GES 10077
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A fized number of £i11 pixels (with a value of O)ld) are inserted im ecach major

fraze in front of the image pixels. The £ill count is different for esch band:

Band 1 © 75 P41} Pixels
Band 2 73 F111 Pixels
Band 3 71 F111 Pinels
Band & 69 Fi1ll Pixels

The actual number of 4mage pixels &n a scan line ic specified in the support

data. Following the {mage dats more fill pixels are entered to complete the
major frame. The first eight £fill pixels contain the end of line code (0000 0000

7F7F 7F7F HEX), while the remainder have a value of Q)io.

The trsiling 252 bits of support data in the last fmage minor frame are composed

of 36 seven-bit vords containing information associated with each 1mnge.5can

line. These supporting data words are described in Table 3.3-10. The third data

word‘gi€es a quality code for each image scan 1;ne.~The poseible quality codes
are 4llustrated io Figure 3.3-4. (Note: Although quality code Q1 was used for
previous Landsatc, the processing of Landsat-D and D Prime date i5s handled {n a

fashion that does not allow a code similar to Q1 to be assecsned. However, to

maintein the previous format, space is still regerved in the trailer data for a

quality code gummary count for Ql')

A quality condition of "good quality”™ - QO i{s assessed wvhen no faults are known.

A quality cond{tion of "filled lf{ne on ipput” -,Qz. ic assessed when.the output

line was synthetically filled during the data input process, e.g., due to a

GES 10077
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conditfion such as “sync loss”. A quality condition of "filled line on output”™ =
Q3 16 assessed when the output line 18 synthetically generated during the data
output process. In both these cases the wsual result is to repeat the last 1line

vhich received an assessment of Qo.

The quality code hierarchy 4is ordered from most severe (Q3) to leaét severe

(Qo). When more than one quality gssessment affects the output line, the wnmost

severe acsessment i1g assigned to the output line, i.e., Q3 i3 assigned when both

Qz anq Q; occur.

3.3.7 TRAILER DATA

The trailer data provides counts that can be used for:quality control purposes
and thus gives a measure of the quality of the image daia. An example of a
major freme of traller data {s shown in Figure 3.3-15. The data elements that

comprise the traller date are provided in Table 3.3-~11l.

A significant difference from tapes produced for previous Landsats 4s that copy ‘
topes will not. contain parity count information in minor frame seven (7) of the

trailer major frame. Copy tapes are identical to the original in every aspect.

GES 10077
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5 3232 bits -z
G (8 bitg ——>| @ (3184 bits) =
. lw ' (398 bytesn) a
32 bits 8 bits B8 bits
Minor '
SYNC Minor | Frame 398 bytes of traliler data®
Pattern Frame | Type ’
Count | Code Bytes 1 through 398
Minor | enk
SYNC Minor | Frame 398 bytes of trailer data
Pattern Frame | Type |Bytes 399 through 796
Count Code
Minor &
SYNC Minor | Frame 398 bytes of trailer data
Pattern Frame | Type |Eytes 797 through 1194
Count Code :
Minor ¥ ; . .t
SYNC Minor | Frame 6:8::2es of tra;lgr . ébgy;es, .BZSEB)t;s
Pattern Frame | Type , . e
Count | Code Bytes 1195 through 1260 HEGKSUM | Zerc Fill
Minor
SYNC Minor Freme Zero Fill
Pattern - Frame | Type
Count Ccde
. Minor
SYNC Minor | Frame Zero Fill
Pattern Frame | Type
Count Code
Minor
SYNC Minor Frame Zero Fill
Pattern Frame | Type
Count Code
Minor
SYNC Minor Freme 2ero Fi11
Pattern Freme | Type
) Count | Code

2Byte allocations are described in Table 3,3~11.

Figure 3.3-15. One Major Frame of Trailer
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Table 3.3-~11., Traoiler Date Elements

BYTES DATA
1 [:::) Flag indicating last scene (each image) in a data
interval:
. 377)8 = Yes
2 iooo[ ‘ Flag indicating last scene (each image) on this reel

of tape; not used, always 0

3 _ ' Zero Fill (not used)

4 ¥XX Geometric Modeling Flag:
000)8 = Precision Fit with Control Points
' 377)g = Systematic Fit

5-148 Inverse state covariance matrix.

’ . The inverse state covariance matrix is a 6 by 6 matrix
containing statistical information about the 6 state
variables; along track, across track, yaw, altitude, -
along track rate end across track rate errors. This
will provide a measure of the quality of the geometric
correction process.

The elements of the matrix are presented in the
following order: :
Row 1, Column 1
Row 1, Column 2
Row 1, Column 3

Row 1, Column 6
Row 2, Column 1

Row 6, Column 6
Each value is in the single precision floating’
point format.
149-154 State vector components modeled.
One byte 1s reserved indiceting whether each of the
gix gtate vector components was modeled. An ASCII
'Y' 4indicates the component was modeled, and ASCII
'N' {ndicates it was not. The componentg will be in
the following order: } s '
Along track error
Acrogs track error
Yaw error

’
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Toble 3.3-11. Trailer Data Elements (cont'd)

ORIGINAL PACE i3

BYTES DATA OF POOR QUALITY
Altitude error -
Along track rate error -
~Across treck rate errox

155-844 Zero Fil)

845-860 Quality Code Summary Counts for the image (4counts,

4 bytes per count). Counts are in the Fixed Point
Binary Format discussed in paragraph 3.2.3.4.1.

- B45-848 [000{ 000 Surmary Count of Q, values.
XXX XX ‘ ‘

First byte = 000),, octal value of Q.; second byte
is not used; thirg and fourth bytes contain the
total number of scan lines with this quality in the

current image.

849 ~ 852 [ 077 100D Summary Count of Q. values
OO XXX 1

First byte = 077)8, octal value of Ql; second dyte

is not used; third and fourth bytes contain the total

‘number of scan lines with this quality in the
current image .

853 ~ 856 | 007|600 Summary Count of Qz values

XXX XXX First byte = 007),, octal value of Q.; second bvte.
is not used; third and fourth bytes”contain the
total number of scan lines with this quality in
the current image.

857 - 860 0701900 Summary Count of Q. values - -
XXX 00 A Firet byte © 070)8’ octal value of Q3' second byte

is not used; third and fourth bytes contain the total
number of scan lines with this quality in the current

image.
861 - B&4 | F [000 Line Quality Map Word Count
’ XXX XXX :
' . F = 377), indicates that & quality map for entire

. ) imagé follows (starting in byte 865) or

‘. : F = 366), indicating that a quality map for a

! : part?ul image follows (starting 4u byte B65).
i ' ' Second byte 15 not used.

XEOOXK = line quality map vord summary co..mt et
(binary). The maximum value of "R" is
99)10

’ The line quality map coatains a 4-byte eniry for

] each group of consecutive scan lines that have the
I , pame quality asssessmant. "N" gives the number of
{ these entries.  4.46
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OF PCOR QUALITY

BYTES
865 to (864

- 865-868

B869-872

873-1256
1257-1260

1261-1264

1265-1592

Teble 3,3-11,

DATA

+4N)

3

0 oco

Q {000

XX XX

X XXX

D XXX

(oo 000}

R 4 e s ¢ e e e s o

GES 10077
Revigion D
15 April 1982

Trailer Data Elements (cdﬁt'd)

First "Line Quality Map Word" where:
Q = Octal value of quality word Q (Qo' .

000)8’ Q1 o 077)8, Q2 = 007)8' Q -
070)8).

Second byte 18 zero filled,

XXXXXX= count of the aumber of consecutive
image scan lines with quality code
Q . (binary) o

Second "Line Quality liap Word"

- 3rd - 98th "Line Quality Map Words"

99th "Line Quality Map Worad“
All unused Line Quality Map Words are zero filled.

CHECKSUM value for Trailer Data

Zero Fill (not used)
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Band

BIL
BSQ

Bic

Byte
ccr
cp

cwv

'betector :

"ECC

EDC
EDIPS
EROS
CcCp

GHIT

GPS

GSFC

ORIGINAL PAGE g

OF FOOR QuaLITY GES 10077
. Revision D
15 April 1982

SECTICN 4

ABBREVIATIONS, ACRONYMS, SYMBOLS AND TERMS

A collection of pixels representing a epectral
portion of a scene

Band Interleaved by Line deta format

Band Sequenticl data format

The smallest element of Binary, cozputer-intelligible
data | - |

A unit o° data consisting of eight bits

Comput?r Cormpatible Tape

Control Point

Colibration Hedge Values

A écmponent of = sensor that is able to senne
dncident energy in & region of the 2lectromagnetic spectrum
Error Correction Code

EROS Data Centgr

EDC Digitel Image Processing Syotes

Earth Resources Observation Systeq

Geodetic Control Point |

Goddard HDT Inventory Tape

Greenwich Hesn Time

Global Positioning System

Coddard Sp-ce Flight Center

GES 10077 .
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Gkl ‘533.

GSTDN

HDT-AM
HEX
HRS

Interval

IGF

IRIG~A

.Landuat

LSB
HFIC

MIPS

Pixel

- PS

Right
Justified
S(C

Scan Line

Seene

ORIGINAL PAGE 1S
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Ground Segment Tracking Data Network

High Denei;y Digital Tape

High Density Tape containing partially processed MSS data
Hexaaecimal, base 16 notation

Horizontal Resampling

Set of ;ontiguoua scan line imagery comprised of one
Or more Geenes

Iﬁage Generatiocn Facility

Inter-range Inatrumeﬁtation Group stendard time,
format A

Land Satellite (formérly ERTS - Earth Reséurcee Technology
Saztellite)

Least Significent Bit

Minor Frame Type Code

HSS Inage Ptoceesing Subsystem

Moot Significant Bit

One image detecgor senple

Po;nt Stereographic Projection

Technique of positioning data eo that the least
significant bit appears in the rightmost position
Spacecraft

The data produced by one cross track motion of an

R

active detector (a full scene wideh)

 One or more spactral bands of data representing a

185km X 170km ground area
GES 10077
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Sengor

50

Svath
Sueeé
TDRSS

Tick Harks

Uh
YRS

\ PGE is
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o

An imaging instrument (& sensor may cénsiat of one
or more detcctors)

Space Oblique Msrcator Projzction

The terrcstrial strip viewed by the spacecraft
Ooe back and forth eycle of mirror movement
Tracking and Data Reisy Satellite Syatem
Positional marks placed oo imager to ensdle @
location grid coordinate gystem to be constructed
“hematic Happer

Universel Transveree Hercator Projection
Vertical Reganpling

Horld Reference Syatem
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