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FOREWORD 

T h i s  document d i s c u s s e s  t h e  format  
and p h y s i c a l  c h a r a c t e r i s t i c s  of  t h e  
Landsat  m u l t i - s p e c t r a l  s c a n n e r  (MSS) 
computer compa t ib l e  t a p e  (CCT). The 
r e s u l t i n g  sys tem c o r r e c t e d  CCT h a s  
been g e n e r a l l y  r e f e r r e d  to  a s  t h e  
b u l k  MSS CCT. 

The document is d e s i g n e d  t o  b e  use-  
f u l  t o  t h o s e  who are i n t e r e s t e d  i n  
knowing on ly  g e n e r a l  i n f o r m a t i o n  
about  t h e  sys tem c o r r e c t e d  MSS CCT 
as w e l l  a s  to  t h o s e  who have a need 
t o  know more d e t a i l s  about  t h e  CCT. 
The overview s e c t i o n  c o v e r s  a l l  of 
t h e  g e n e r a l  i n f o r m a t i o n .  The second  
s e c t i o n  ( t a p e  f o r m a t )  c o n t a i n s  t h e  
n e c e s s a r y  d e t a i l s  f o r  t h e  d a t a  
a n a l y s t  o r  computer programmer who 
is i n t e r e s t e d  i n  deve lop ing  computer 
s o f t w a r e  which w i l l  r e a d  t h e  CCT. 
The r a d i o m e t r i c  s t r i p i n g  s e c t i o n  and 
t h e  appendices  c o n t a i n  supp lemen ta l  
i n f o r m a t i o n  about  t h e  r a d i o m e t r i c  
s t r i p i n g  c h a r a c t e r i s t i c s ,  t h e  r a d i o -  
metric c a l i b r a t i o n  o f  t h e  v i d e o  d a t a  
and o t h e r  i n f o r m a t i o n  t h a t  is bene- 
f i c i a l  t o  t h e  r e a d e r .  

The a u t h o r  g r a t e f u l l y  acknowledges 
t h e  a s s i s t a n c e  o f  M s .  Karen Denomme 
and M s .  L o t t i e  Brown i n  u p d a t i n g  t h e  
document so ?;hat i t  a l s o  a p p l i e s  t o  
Landsat-3.  
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GENERATIOS AND PHYSICAL CHARACTERISTICS OF THE 
LANDSAT-1, -2 and -3 hISS 
COMPUTER COMPATIBLE TAPES 

Valerie L. Thomas 
Image Processing Branch 

Information Processing Division 

ABSTRACT 

This document discusses the generation 
and format of The Landsat-1, -2 and -3 
system corrected multi-spectral scanner 
computer compatible tapes generated by 
the NASA Data Processing Facility after 
January 15, 1978. Included in the 
discussion are the spacecraft sensors, 
scene characteristics, the transmission 
of data, and the conversion of the 
data to computer compatible tapes at 
the NASA Data Processing Tacility. 
Also included in the djscussion are 
geometric and radiometric corrections, 
tape formats, and the physical charac- 
teristics of the tape. 
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I D  

A u x i l i a r y  p a p e r  t a p e  

The smallest e l e m e n t  o f  b i n a r y ,  computer-  
i n t e l l i g i b l e  d a t a  

A u n i t  o f  d a t a  c o n s i s t i n g  o f  e i g h t  b i t s  

Computer c o m p a t i b l e  t a p e  

D i g i t a l  s u b s y s t e m  

D i g i t a l  p r e - p r o c e s s i n g  s y s t e m  

Extended  b i n a r y  coded  d e c i m a l  i n t e r c h a n g e  c o d e  

E a r t h  R e s o u r c e s  Techno logy  S a t e l l i t e  (now 
known as L a n d s a t )  

Goddard Space  F l i g h t  C e n t e r  

H i g h - d e n s i t y  d i g i t a l  t a p e  

Image a n n o t  a t  i o n  t a p e  

I d e n t i f i c a t i o n  

I IGS I n i t i a l  image g e n e r a t i n g  s u b s y s t e m  

km K i l o m e t e r  

Landsa t  Land S a t e l l i t e  ( f o r m e r l y  ERTS) 

LLC L i n e  l e n g t h  code  

MSS Mult i spect r : , '  s c a n n e r  

NDPF NASA Data P r o c e s s i n g  F a c i l i t y  

nm Naut i c a l  m i l e  

Nmax Maximum l i n e  l e n g t h  code  

P i x e l  One v i d e o  d a t a  b y t e  

RBV Return-beam v i d i c o n  

STAT S p e c i a l  Image Annota t  i o n  Tape 



GENERATION AND PHYSICAL CHAHACTERISTICS OF THE 
LANDSAT-1, -2 AND -3  MSS 
COMPUTER COMPATIBLE TAPES 

OVERVIEW 

SPACECRAFT SEXSORS 

The L a n d s a t  S p a c e c r a f t  c o n t a i n s  i n  its p a y l o a d  two s e p a r a t e  
s u b s y s t e m s  d e s i g n e d  t o  p r o d u c e  s p e c t r a l  imagery  o f  t h e  E a r t h ' s  
s u r f a c e :  t h e  r e tu rn -beam v i d i c o n  (RBV) camera  s u b s y s t e m ,  and  
t h e  m u l t i s p e c t r a l  s c a n n e r  (MSS) s u b s y s t e m .  

RBV Camera Subsys tem ( F o r  L a n d s a t - 1  a n d  -2) 

The RBV camera s u b s y s t e m  c o n t a i n s  t h r e e  i n d i v i d u a l  cameras 
t h a t  o p e r a t e  i n  d i f f e r e n t  nomina l  s p e c t r a l  b a n d s  f rom 0.475 
t o  0.830 micrometers. Each c a m e r a  c o n t a i n s  a n  opt ica l  l e n s ,  
a s h u t t e r ,  a n  RBV s e n s o r ,  a  t h e r m o e l e c t r i c  c o d e r ,  d e f l e c t i o n  
a n d  f o c u s  co i l s ,  e r a s e  l amps ,  a n d  t h e  s e n s o r  e l e c t r o n i c s .  
S p e c t r a l  f i l t e r s  i n  t h e  l e n s  a s s z m b l i e s  p r o v i d e  s e p a r a t e  s p e c -  
t r a l  v i e w i n g  r e g i o n s  f o r  t h e  c a m e r a s .  The t h r e e  c a m e r a s  v iew 
t h e  same nomina l  1 8 5 - k i l o m e t e r  s q u a r e  g round  s c e n e .  When t h e  
c a m e r a s  a r e  s h u t t e r e d ,  t h e  images  a r e  s t o r e d  on  t h e  RBV p h o t o -  
s e n s i t i v e  s u r f a c e s ,  t h e n  s c a n n e d  t o  p r o d u c e  v i d e o  o u t p u t s .  

MSS Subsys tem 

The MSS, f o r  L a n d s a t - 1  a n d  -2,  i s  a  four -band  s c a n n e r  o p e r a t -  
i n g  i n  t h e  s o l a r - r e f l e c t e d  s p e c t r a l  r e g i o n  from 0.5 t o  1.1 
r n i c r o s ~ e t e r s .  The MSS, f o r  Landsa t -3 ,  c o n s i s t s  o f  5  b a n d s ;  how- 
e v e r ,  o u r  d i s c u s s i o n  w i l l  c o v e r  o n l y  t h e  f o u r  b a n d s  which  c o r -  
r e s p o n d  t o  t h e  L a n d s a t - 1  and -2 s c a n n e r .  The s c a n n e r  c o n s i s t s  
o f  s i x  d e t e c t o r s  f o r  e a c h  o f  t h e  f o u r  b a n d s .  The MSS s c a n s  
c r o s s t r a c k  s w a t h s  1 8 5  km w i d e  a t  normal  a l t i t u d e ,  i m a g i n g  s i x  
s c a n  l i n e s  a c r o s s  i n  e a c h  o f  t h e  f o u r  b a n d s  s i m u l t a n e o u s l y .  
T h i s  t s  a c c o m p l i s h e d  by means o f  a n  o s c i l l a t i n g  f l a t  m i r r o r  
be tween t h e  g round  s c e n e  a n d  a d o u b l e - r e f l e c t o r  t e l e s c o p e  t y p e  
o f  o p t i c a l  c h a i n .  The mirror s c a n s  t h e  c r o s s t r a c k  f i e l d  of 
v i e w  a s  i t  o s c i l l a t e s  a b o u t  i t s  nomina l  p o s i t i o n .  

Video  o u t p u t s  from e a c h  d e t e c t o r  i n  t h e  s c a n n e r  a r e  s a m p l e d ,  
d i g i t i z e d ,  c o m u t a t e d ,  a n d  m u l t i p l e x e d  i n t o  a m o d u l a t e d  s t r e a m .  
The comrnutated s a m p l e s  are e n c o d e d  a n d  t r a n s m i t t e d  t o  ground-  
b a s e d  r e c e i v i n g  sites,  The r e c e i v i n g  s i t e s  c o m p i l e  t h e  raw 
d a t a  on v i d e o  t a p e s  a n d  t r a n s m i t  t h e s e  t a p e s  t o  t h e  NASA D a t a  
P r o c e s s i n g  F a c i l i t y  (NDFF) a t  t h e  Goddard S p a c e  F l i g h t  C e n t e r  
(GSFC),  G r e e n b e l t ,  Maryland.  



The NDPF corrects ,  c a l i b r a t e s  a n a  f o r m a t s  t h e  raw MSS 
d a t a  a n d  c o n v e r t s  i t  t o  a u s a b l e  b i n a r y  form on compute r  
c o m p a t i b l e  t a p e s  (CCT). D a t a  ~ z o c e s s i n g  o p e r a t i o n s  d i s -  
c u s s e d  i n  t h i s  document i n c l u d e  t h e  f o r m a t t i n g  o f  d i g i t i z e d  
d a t a  on t h e  CCTs, v a r i o u s  corrections t h a t  a r e  a p p l i e d  
t o  t h e  d a t a  t o  e n h a n c e  i t s  u s e f u l n e s s ,  and  a d d i t i o n a l  
d a t a  p r o c e s s i n g  s u c h  as d e c o m p r e s s i o n  o f  d a t a ,  r a d i o m e t r i c  
c a l i b r a t i o n ,  a n d  i n s e r t i o n  o f  g e o g r a p h i c  c o o r d i n a t e  
t i c k  mark i n f o r m a t i o n .  F o r  a  more d e t a i l e d  d e s c r i p t i o n  
o f  t h e s e  a n d  o t h e r  d a t a  p r o c e s s i n g  o p e r a t i o n s  a t  t h e  
NDPF, see "ERTS D a t a  User's Handbook" and  t h e  a p p e ~ ~ d i c e s  
i n  t h i s  document.  

T h i s  document d i s c u s s e s  o n l y  B u l k  four -band  MSS CCTs. 

DISCUSSION OF A SCENE 

The a n n o t a t e d  a n d  c o r r e c t e d  185-km s q u a r e  g round  s c e n e  
on t h e  CCT is a f i n a l  p r o d u c t  o f  t h e  MSS. T h i s  s c e n e  
p r o v i d e s  a number o f  d i f f e r e n t  t y p e s  o f  i n f o r m a t i o n  t h a t  
c a n  b e  o f  v a l u e  t o  t h e  d a t a  u s e r .  An u n d e r s t a n d i n g  by 
t h e  u s e r  o f  t h e  s e v e r a l  steps n e c e s s a r y  t o  p r o d u c e  t h i s  
p r o d u c t  w i l l  a i d  him i n  o b t a i n i n g  f u l l e s t  u s e  o f  t h e  
MSS d a t a .  

Scan  L i n e s  

A s c e n e  is made up  o f  p a r a l l e l  s c a n  l i n e s ,  e a c h  c o n t a i n i n g  
a large number o f  v i d e o  d a t a  p o i n t s .  T h e r e  a r e  2340 
o f  t h e s e  l i n e s  p e r  c o m p l e t e d  MSS CCT s c e n e .  Each s c a n  
l i n e  c o v e r s  a  d i s t a n c e  o f  1 8 5  km a n d  is  c o m p r i s e d  o f  
f rom 3000 t o  3450 " b y t e s "  o f  v i d e o  d a t a .  A b y t z  is made 
up o f  e i g h t  b i n a r y  " b i t s , "  which  are t h e  smallest u n i t s  
r e c o g n i z e d  by t h e  compute r .  T h e s e  e i g h t - b i t  b y t e s  ( o n l y  
s i x  o f  t h e  e i g h t  b i t s  c o n t a i n  d a t a  i n  t h e  l i n e a r  mode, 
s e v e n  i n  t h e  decompressed  mode) are a r r a n g e d  i n  s u c h  
a manner t h a t  t h e y  can  r e p r e s e n t  d i f f e r i n g  r a d i a n c e  l e v e l s .  
The m i r r o r  m o t i o n  s i n c e  l a u n c h  h a s  t h u s  f a r  been  h i g h l y  
r e p e a t a b l e ,  The s c a n  l i n e  f o r  a g i v e n  s c e n e  h a s  h a d  
an a v e r a g e  o f  3216f6 b y t e s  p e r  l i n e  f o r  L a n d s a t - 1 ,  and 
3247f5  b y t e s  p e r  l i n e  f o r  Landsa t -2 .  The s c a n  l i n e  
a v e r a g e  l e n g t h  f o r  Landsa t -3  w i l l  n o t  b e  a v a i l a b l e  u n t i l  
a f t e r  l a u n c h ,  The d e v i a t i o n  p e r  s c e n e  is t y p i c a l l y  + 

1 i n  t h e  worst case. The r e l a t i o n s h i p  between v i d e o  
d a t a  b y t e s  a n d  t h e  c o r r e s p o n d i n g  g r o u n d  area c o v e r e d  
is d i s c u s s e d  i n  Appendix A. F i g u r e  1 shows t h e  components  
o f  a c o m p l e t e d  g r o u n d  s c e n e .  



DIRECT ION 
OF 

SPACECRAFT 

F i g u r e  1. Components o f  a Completed  Ground S c e n e  
a s  R e p r e s e n t e d  on t h e  MSS CCT 

1- moo TO YW wni 

The d i s t a n c e  c o v e r e d  b y  a s c a n  l i n e  v a r i e s  w i t h  a l t i t u d e .  
E x p e r i e n c e  h a s  shown t h a t  t h e  v a r i a t j o n s  h a v e  r e s u l t e d  
i n  s c a n  l i n e  c h a n g e s  o f  a p p r o x i m a t e l y  + 4 km i n  t h e  
w o r s t  c a s e .  A t  nomina l  a l t i t u d e ,  9 1 8 . 5 9 2  km (496 n m ) ,  
t h e  s c a n  l i n e  is 1 8 5  km. Throughou t  t h e  r e m a i n d e r  
o f  t h i s  document ,  nomina l  a l t i t u d e  c o n d i t i o n s  w i l l  
be used .  

-====7 SCAN LINES 

1 

D i r e c t i o n  of  S c a n  

LINES SCAN 2340 . 

The s c a n  mirror o p e r a t e s  i n  a s c a n - a n d - r e t r a c e  c y c l e .  
The a c t i v e  p o r t i o n  o f  t h e  s c a n  is i n  a w e s t - t o - e a s t  
d i r e c t i o n .  The f u l l  s c a n - a n d - r e t r a c e  c y c l e  p r o d u c e s  
a 185-km sweep by t h e  d e t e c t o r s  o f  t h e  ? round  s c e n e  
b e n e a t h  t h e  sa te l l i - t e .  F i g u r e  2 shows t h e  c o m p o s i t e  
s c a n  p a t t e r n  o f  t h e  MSS. 

I L - 
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OlRE CTlON Of 
SPACECRAFT 

LINE 1 

2 
3 
4 

5 
6 

LHNE 1 

2 
3 
4 
5 
6 

COMWSlTE 
TOTAL AREA SCAN 
FOR ANY BAND 
FORMED BV 
REPEATED 6 LINE 
PER BAN0  SWEEPS 
PER A M l V e  MIRROR 
CYCLE 

Figure 2 .  Ground Scan Pat tern f o r  a Single MSS Detector 

Direct ion of F l ight  

The spacecraf t ' s  near-polar o r b i t a l  motion produces 
the  along-track spac ing  between mi-ror sweeps. T h i s  
along-track scan pa t te rn ,  when combined w i t h  the scan-and- 
re t race  cycle,  provides complete coverage of the  f u l l  
185-km scene, 

S a p l i n g  Rate - 
The video outputs of each detector  a re  sampled during 
the act ive  west-to-east sweep of t h e  mirror. T h e  sampling 
rate is a c ;q-~tant  100.5 k i l o  sampleslsec end is maintained 
by an i n t e r n a ~  c rys ta l  clock. 

Mirror Sweq 

The 11.56-degree e f fec t ive  crosstrack f i e l d  of view i s  
scanned as  t h e  mirror o s c i l l a t e s  f2.89 degrees about its 
cominal pos i t ion ,  as shown i n  Figure 3. The mirror scans 
i n  a west-to-east d i r ec t ion ,  imaging i n  each mirror sweep 
the s i x  scan l i n e s  from each of the  four bands. 



I 24 TOTAL +2 (IF A FIFTH 
BAND IS WED) 

-LY 

F i g u r e  3. MSS S c a n n i n g  Ar rangemen t  

R a d i a n c e  L e v e l s  

D i f f e r i n g  l e v e l s  of r a d i a n c e  w i t h i n  a s c e n e  are r e p r e s e n t e d  
by means  of v a r i o u s  c o m b i n a t i o n s  of b i t s  i n  t h e  s c a n  
l i n e s .  R a d i a n c e  v a l u e s  a re  registered o n  a scale o f  
f rom 0 t o  63 (minimum to  maximum) i n  t h e  l i n e a r  mode, 
a n d  f r o m  0 t o  127 i n  t h e  decompressed mode. To d e t e r m i n e  
w h i c h  mode t h e  data  is i n ,  see t h e  d e f i n i t i o n  of "MSS 
d a t a  m o d s / c o r r e c t i o n  code" i n  T a b l e  1. 

The T o t  a1 Set of CCTs 

One CCT c o n t a i n s  a n  I D  record, an a n n o t a t i o n  record, 
780 l i n e  sets* o f  v i d e o  d a t a  ( w h i c h  r e p r e s e n t  t h e  i n t e r l e a v e d  
data f o r  a 42.25 by 185-km s t r i p  of t h e  s c e n e ) ,  for  
t h e  f o u r  MSS s p e c t r a l  b a n d s  f o r  L a n d s a t - 1 ,  -2 a n d  -3. 
The  f i f t h  b a n d  f o r  L a n d s a t - 3  w i l l  n o t  be i n c l u d e d  o n  

* A l i n e  set  c o n s i s t s  o f  3 c o n s e c u t i v e  s c a n  l i n e s  (see 
Fig.  1 7 ) .  



Chnr. 

1-12 

13-16 

17-18 

19-26 

27-28 

29-36 

37-38 

39-40 

*-- 

Table 1 
ID Record Information Definitions 

Infomat ion 

Sccnr/Framp ID 

b = blank ch3r. 

Tslic' Srquencing Numbers 

Tape N of M 

Data Record Lenpth (bytes) 

Binary Frame ID 

Binary Strip ID 
IA'r Identification from 

Header record on IAT 

WSS Data Llode/Correction 

I Code*** Unitary Code 

MSS Adjusted Line Length 

nnnnnnnn 

-- 
Code 

-- 
ER('D I C 

EIKDIC 

Binary 

Binary 

Binary 

EBCDIC 

Dinary 

Binary 

E - Encoded Project Identifier 
Landsat-1 - 1 
Landsat-2 - 2 
Lendsat-3 - 3 

DDDD - Day number relative to launch at time of observation 
HH - Hour at time of observation 
!dl! - Yinute at time of observation 
S - Tens of secrnds at time of observation 
b - blank 

**The 3inary Frame ID is the binary representation of the 
SceneIFrame ID. 

Char. - 
19 Encoded Project Identifier (same as *E above.) 

20-21 Days since :aunch; this number is deternined by extracting 
the six rigtt-most 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 observation 
23 Yinute at time of observation 
24 Tens of seconds at time of observation 
25 Zero 
26 Zero 

For characters 22 through 26. the s i x  right-most bits are used. 

***Bits 0-3 of this two-character word are zero. 
Bits 8-13 have he following significance: 

Bit - 
8 = 1 for Sun Ca1 Data. = 0 otherwise 
9 = 1 for Calibration Wedge, = 9 otherwise 
10 - 1 for Compressed Data, - 0 otherwise 
11 = ' for Hi gain on Band 1, 0 0 otherwise 
12 - 1 ior Hi gain on Band 2, = S otherwise 
13 = 1 for Decompression. = C otherwise 
14 = 1 for Calibration, = 0 otherwise 
15 = 1 for Line Length Adjust, = 3 st9erwlse 



CCTs a t  t h i s  t i m e .  A c o m p l e t e  set of CCTs c o n s i s t s  
o f :  a )  F o u r  s i n g l e  CCTs; CCT 1, CCT 2 ,  CCT 3, CCT 4 ,  
o r  b )  two merged CCTs; CCT 1 a n d  2 ,  CCT 3 and  4.  The 
f o u r t h  CCT i n  s i n g l e  or  merged c o p i e s ,  w i l l  a l s o  c o n t a i n  
a S p e c i a l  Image A n n o t a t i o n  Tape  (SIAT) f i l e .  See F i g u r e  
1 8  f o r  a  d i a g r a m  o f  t h e  t a p e  f o r m a t .  

Comparison o f  CCT S c e n e  t o  F i l m  Scene  

The NDPF t r a n s m i t s  c o m p l e t e d  g r o u n d  s c e n e s  t o  d a t a  u s e r s  
on f o u r  s e p a r a t e  CCTs, o r  two merged CCTs. For t h e  
s i n g l e  CCT c o p i e s ,  e a c h  t a p e  c o n t a i n s  image d a t a  f o r  
o n e  46.25- by 185-km s t r i p .  F o r  t h e  merged CCT c o p i e s ,  
e a c h  t a p e  c o n t a i n s  image d a t a  f o r  two s t r i p s .  The CCTs 
c o n t a i n  more image d a t a  t h a n  d o e s  t h e  c o r r e s p o n d i n g  
f i l m  p r i n t .  The a d d i t i o n a l  d a t a  c o n s i s t s  o f  42 s c a n  
l i n e s  p r e c e d i n g  a n d  4 2  s c a n  l i n e s  f o l l o w i n g  t h e  d a t a  
f rom which  t h e  f i l m  s c e n e  w a s  made ( t h e  f i l m  c o n t a i n s  
2256 s c a n  l i n e s ) .  F i g u r e  4 shows a s c e n e  as c o n t a i n e d  
on f o u r  CCTs. The CCT s c e n e  a n d  t h e  f i l m  s c e n e  c o n t a i n  
t h e  same a n n o t a t i o n  d a t a .  Bo th  t h e  f i l m  a n d  t h e  CCT 
h a v e  t h e  same a l g o r i t h m  a p p l i e d  t o  r a d i o m e t r i c a l l y  ca l i -  
b r a t e  t h e  d a t a ;  however ,  o n l y  t h e  f i l m  is c o r r e c t e d  
f o r  t h e  m i r r o r  v e l o c i t y  p r o f i l e .  The f i l m  a n d  CCT are 
b o t h  c o r r e c t e d  f o r  l i n e  l e n g t h  v a r i a t i o n .  The CCT is 

J \ J * Y 

MERGEn CCT 1 & 2 MERGED CCT 3 & 4 

F i g u r e  4 .  Bulk  MSS Image-to-CCT C o n v e r s i o n  



no t  g e o m e t r i c a l l y  c o r r e c t e d  f o r  e f f e c t s  such  a s  skew a s  a 
f u n c t i o n  o f  E a r t h  r o t a t i o n  o r  mapping p r o j e c t i o n .  

Seven- and  Nine- t rack  CCTs 

Data  u s e r s  s h o u l d  r e q u e s t  e i t h e r  seven-  or n ine - t r ack  CCTs 
a c c o r d i n g  t o  t h e  r e q u i r e m e n t s  o f  t h e i r  computer. T h i s  and 
o t h e r  p h y s i c a l  c h a r a c t e r i s t i c s  o f  magnet ic  t a p e s  a r e  d j s c u s s e d  
i n  Appendix B. 

S p e c t r a l  Range f o r  Each Band - 
The MSS subsystem is used  P- t h r e e  mi s s ions .  The f o u r  s p e c t r a l  
bands  w i d t h s  a r e  as fo l lows :  

Band 4 0.5 t o  0.6 micrometzrs  

Band 5 0.6 t o  0.7 micrometers 

Band 6 0.7 t o  0.8 micrometer3 

Band 7 0.8 t o  1.1 micrometers  

Bands 4 th rough  6 u s e  p h o t o m u l t i p l i e r  t u b e s  as d e t e c t o r s ;  
Band 7 u s e s  s i l i c o n  photodiodes .  

TRANSMISSION OF DATA 

R e g i s t r a t i o n  o f  Scan L i n e s  

The MSS d e t e c t o r s  a r e  sampled s e q u e n t i a l l y  a t  a c o n s t a n t  
r a t e ;  t h e r e f o r e ,  t h e  co r r e spond ing  d e t e c t o r s  of  each  band 
f o r  t h e  same ground f i e l d  o f  view a r e  n o t  s i m u l t a n e o u s l y  
sampled. S i n c e  t h e  same ground f i e l d  o f  view is n o t  s ensed  
by t h e  d e t e c t o r s  f o r  e a c h  band a t  t h e  beg inn ing  of t h e  sampl ing ,  
i n d i v i d u a l  band p i c t u r e s  a r e  m i s r e g i s t e r e d  i n  t h e  a l o n g  t r a c k  
s c a n  d i r e c t i o n  by whole d a t a  samples .  

The NDPF c o r r e c t s  f o r  t h i s  s l i g h t  v a r i a t i o n  by i n s e r t i n g  
r e g i s t r a t i o n  f i l l  c h a r a c t e r s  (which c o n t a i n  no u s e f u l  v i d e o  
d a t a )  a t  t h e  e n d s  o f  t h e  l i n e s .  R e g i s t r a t i o n  f i l l  c h a r a c t e r s  
co r r e spond  t o  b y t e s ,  and t h e  number added t o  a g iven  s c a n  
l i n e  is a lways  s i x .  These s i x  c h a r a c t e r s  are i n s e r t e d  a t  
e i t h e r  o r  b o t h  e n d s  o f  a s c a n  l i n e ,  as shown i n  F i g u r e  5. 
F i l l  c h a r a c t e r s  are added t o  t h e  s c a n  l i n e s  of  each  of  t h e  
f o u r  s p e c t r a l  bands.  
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F i g u r e  5. P o s i t i o n  o f  R e g i s t r a t i o n  F i l l  C h a r a c t e r s  
i n  S p e c t r a l  Bands 

L i n e  L e n g t h  Adjus tmen t  

Becailse t h r  & e n g t h  o f  t h e  s c a n  l i n e s  t h a t  c o m p r i s e  a  s c e n e  
may v a r y  s l i g h t l y  d u e  t o  small v a r i a t i o n s  i n  t h e  p e r i o d  
o f  t h e  mirror, NDPF p e r f o r m s  a l i n e  l e n g t h  a d j u s t m e n t  
o p e r a t i o n  o n  t h e  c o m p u t e r  t o  a d j u s t  a l l  s c a n  l i n e s  qn 
g r o u n d  s c e n e s  t o  t h e  same l e n g t h .  The  s c a n  l i n e s  are 
l e n g t h e n e d  by i n s e r t i n g  l l s y n t h e t i c l l  b y t e s  a t  r e g u l a r  
i n t e r v a l s  as n e e d e d  t o  a t t a i n  t h e  l e n g t h  of t h e  a d j u s t e d  
l i n e .  T h i s  l i t 1 6 2  l e n g t h  a d j u s t m e n t  p r o d u c e s  n e g l i g i b l e  
d i s t o r t i o n  t h e  imagery .  S e e  Appendix C f o r  a d i s c u s s i o n  
o f  how l i n e  l e n g t h  a d j u s t m e n t  is c a l c u l a t e d .  

Radionjt. . r ic  C a l i b r a t i o n  - 
Dur ng e v e r y  o t h e r  retrace i n t e r v a l  a s h u t t e r  whee l  closes 
crP t h e  o p t i c a l  f i b e r s  v i e w i n g  t h e  E a r t h  and a n  a r t i f i c i a l  
? - i g h t  source is p r o j e c t e d  i n t o  them t h r o u g h  a v a r i a b l e  
i l e u t r a l  d e n s i t y  f i l t e r  o n  t h e  s h u t t e r  whee l .  T h i s  p r o c e s s  



i n t r o d u c e s  a c a l i b r a t i o n  wedge i n t o  t h e  v ideo  d a t a  s t r e a m  
o f  Bands 4 th rough  7. The nominal shape  o f  t h i s  c a l i b r a t i o n  
wedge, r e f e r r e d  t o  a s  t h e  g r a y  wedge, is shown i n  F i g u r e  
6. The a c t u a l  s h a p e  and l e v e l  v a r y  somewhat among t h e  f o u r  
s p e c t r a l  bands.  

The f a c t  t h a t  t h e  c a l i b r a t i o n  lamp i n t e n s i t y  p r o f i l e  is 
c o n s t a n t  makes i t  p o s s i b l e  t o  check  t h e  r e l a t i v e  r a d i o m e t r i c  
l e v e l s ,  and also t o  e q u a l i z e  g a i n  changes  which may o c c u r  
i n  t h e  s i x  d e t e c t o r s  o f  a s p e c t r a l  band. C o r r e c t i o n s  a r e  
performed a t  t h e  NDPF t o  e q u a l i z e  t h e s e  l e v e l s  s o  t h a t  s t r i p -  
i n g  w i l l  be avoided.  Appendix D p r o v i d e s  an e x p l a n a t i o n  
o f  t h e  r a d i o m e t r i c  c a l i b r a t i o n  p rocedure .  

Decompression of Data  

The s i g n a l  compression mode is normal ly  used f o r  t h e  d a t a  
from Bands 4 th rough 6 ( p h o t o m u l t i p l i e r  t u b e s )  s i n c e  t h e s e  
bands  have a b e t t e r  s i g n a l - t o - n o i s e  performance t h a n  Band 
7 ( s i l i c o n  pho tod iodes ) .  By compressing t h e  h i g h e r  l i g h t  
l e v e l s  and expanding t h e  lower l e v e l s ,  t h e  q u a n t i z a t i o n  
n o i s e  more n e a r l y  matches  t h e  d e t e c t o r  n o i s e .  Because o t  
t h e  performance c h a r a c t e r i s t i c s  o f  s i l i c o n  pho tod iodes ,  
no s i g n a l  compression is ~ e r f o r m e d  on Band 7. 

Decompression o f  MSS d a t a  a t  t h e  NDPF c o n s i s t s  o f  c o n v e r t i n g  
t h e  d a t a  p o i n t s  t o  an expanded format  t h a t  is e a s i e r  t o  
use .  The MSS d a t a  a r e  decompressed b y  means o f  a computer 
program which u t i l i z e s  a decompression look-up t a b l e .  T h i s  
decompression t a b l e  a p p e a r s  i n  Appendix E. 

- - 9.0 MSEC ---c - - 900 WORDS - 
F i g u r e  6 .  Nominal C a l i b r a t i o n  Wedge Output  
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Annotat ion 

The a n n o t a t i o n  r e c o r d  on CCTs is i n  two p a r t s .  The f i r s t  
p a r t  is backgroucd i n f o r m a t i o n  concerning c o n d i t i o n s  under  
which t h e  d a t a  were t a k e n ,  such  as sun  a n g l e s ,  e t c ,  The 
second p a r t  p r o v i d e s  t i c k  mark l o c a t i o n  i n f o r m a t i o n  s o  
t h a t  t h e  ground scene can  be l o c a t e d  i n  terms of  geo-- 
g r a p h i c  c o o r d i n a t e s ,  The a n n o t a t i o n  r e c o r d  f o l l o w s  t h e  
ID r e c o r d  on t h e  CCT and imrnedia te l j  p r e c e d e s  t h e  v i d e o  
d a t a .  

INTERLEAVING OF DATA 

Data from t h e  f o u r  s p e c t r a l  bands  a r e  combined on t h e  
CCT through a  p r o c e s s  c a l l e d  i n t e r l e a v i n g .  Bytes  o f  d a t a  
from t h e  bands a r e  i n t e r s p e r s e d  b y  twos t o  prcduce  an 
e i g h t - b y t e  "Group," The Group is t h e  s m a l l e s t  e lement  
of  i n t e r l e a v e d  d a t a .  

I n  a d d i t i o n ,  t h e  f i r s t  and l a s t  t h r e e  Groups o f  each  scan  
l i n e  c o n t a i n  r e g i s t r a t i o n  f i l l  c h a r a c t e r s  t o  c o r r e c t  f o r  
m i s r e g i s t r a t i o n  among s p e c t r a l  hands.  T h i s  r e g i s t r a t i o n  
p r o c e s s  is d i s c u s s e d  more f u l l y  i n  t h e  Tape Format S e c t i o n  
o f  t h i s  document. 

TAPE FORMAT 

The MSS CCT is  made up of f o u r  g roups  o f  r e c o r d s :  I D ,  
a n n o t a t i o n ,  v i d e o  d a t a ,  and SIAT d a t a .  The I D  r e c o r d  
c o n t a i n s  a  combinat ion o f  b i n a r y  and EBCDIC i n f o r m a t i o n  
which is used  t o  i d e n t i f y  t h e  v i d e o  d a t a  on t h e  CCT. The 
a n n o t a t i o n  r e c o r d  c o n t a i n s  b i n a r y  and EBCDIC d a t a  which 
p r o v i d e  a d d i t i o n a l  i n f o r m a t i o n  about  t h e  s c e n e ,  such  a s  
t h e  format  c e n t e r ,  n a d i r  and sun  e l e v a t i o n .  T h i s  r e c o r d  
a l s o  i n c l u d e s  t i c k  mark l o c a t i o n  i n f o r m a t i o n  which a s s o c i a t e s  
t h e  d i g i t i z e d  s c e n e  w i t h  t h e  l a t i t u d e  and l o n g i t u d e  coo rd i -  
n a t e  system.  The v i d e o  d a t a  r e c o r d  c o n t a i n s  s c e n e  in fo rma t ion  
which h a s  been d i g i t i z e d  s o  t h a t  e a c h  d a t a  p o i n t  is r e p r e -  
s e n t e d  b y  a  r a d i a n c e  v a l u e  which v a r i e s  from 0 t o  63 i f  
t h e  d a t a  a r e  l i n e a r ,  and from 0 t o  127 i f  t h e  d a t a  are 
decompressed.  The SIAT d a t a  a r e  w r i t t e n  i n  a s e p a r a t e  
f i l e  f o l l o w i n g  t h e  d a t a  on t h e  f o u r t h  o f  t h e  CCT set.  

I D  RECORD 

The 40-byte ID r e c o r d  is t h e  f i r s t  r e c o r d  on t h e  t a p e ,  
and appea r s  o n l y  once  p e r  t a p e .  F i g u r e  7 shows t h e  o r g a n i z a -  
t i o n  o f  t h e  I D  r e c o r d .  



DATA RECORD BINARY MSS DATA MOM1 
SCENEIF W E  I D  LENGTM STRIP I D  CORRECTION COOL 

F * * - 
CCT SEQ BINARY FRAME I D  lAT I D  MSS ADJUSTED 
NUMBER LINE LENGTH 

T i e u r e  7. I D  R e c o r d  O r g a n i z a t i o n  ( 4 0  C h a r a c t e r s ,  
EBCDIC a n d  B i n a r y  Code )  

The  f irst  word  i n  t h e  I D  r e c o r d  is  t h e  s c e n e l f r a m e  ID, g i v e n  
i n  terms o f  d a y s ,  h o u r s ,  m i n u t e s ,  a n d  t e n s  of s e c o n d s  s i n c e  
l a u n c h .  I n  a d d i t i o n ,  t h i s  record i n d i c a t e s  w h e t h e r  t h e  d:*:a 
are  f r o m  L a n d s a t - 1 ,  -2  o r  -3. C h a r a c t e r s  13-16 c o n t a i n  
t h e  s e q u e n c i n g  n u m b e r s ,  i .e. ,  1 of 4 ,  2  o f  4 ,  e tc. ,  wh ich  
d i s t i n g u i s h  t h e  tapes  i n  t h e  se t  o f  f o u r .  C h a r a c t e r s  17- 
18 c o n t a i n  t h e  data r e c o r d  l e n g t h  i n  b i n a r y ,  i.e., t h e  l e n g t h  
o f  t h e  a d j u s t e d  s c a n  l i n e  p l u s  56 b y t e s  o f  c a l i b r a t i o n  i n f o r -  
m a t i o n .  C h a r a c t e r s  19-26 c o n t a i n  t h e  b i n a r y  f r a m e  I D ,  w h i c h  
is t h e  b i n a r y  r e p r e s e n t a t i o n  o f  t h e  s c e n e / f r a m e  I D  a n d  
mus t  be b r o k e n  i n t o  d a y s ,  h o u r s ,  m i n u t e s ,  s e c o n d s ,  etc., 
t o  be read. See F i g u r e  8 for  a c o m p u t e r  p r i n t o u t  of a s a m p l e  
ID record. T h e  b i n a r y  s t r i p  ID  is s tored  i n  c h a r a c t e r s  27-28;  
however ,  t h i s  ID is n o t  u s e d  f o r  B u l k  HSS CCTs. C h a r a c t e r s  
28-36 c o n t a i n  t h e  image a n n o t a t i o n  t a p e  ( IAT)  I D ,  w h i c h  i d e n -  
t i f i e s  t h e  IAT u s e d  i n  m a k i n a  t h e  CCT. C h a r a c t e r s  37-38 con-  
t a i n  t h e  MSS data m o d e / c o r r e c t i o n  c o d e ,  w h i c h  is a d i g i t a l  
word  t h a t  i n d i c a t e s  t h e  c h a r a c t e r i s t i c s  o f  t h e  data  s u c h  as  
d e c o m p r e s s i o n ,  c a l i b r a t i o n ,  a n d  l i n e  l e n g t h  a d j u s t m e n t .  S e e  
T a b l e  1 f a r  t h e  complete d e f i n i t i o n  o f  t h e  h1SS d a t a  mode/ 
c o r r e c t i o n  code. C h a r a c t e r s  39-40 c o n t a i n  t h e  MSS a d j u s t e d  
l i n e  l e n g t h .  

ANNOTATION RECORD 

The  a n n o t a t i o n  r e c o r d  is t h e  s e c o n d  record o n  t h e  tape. I t  
0 c c u . s  o n c e  per t a p e  a n d  c o n t a i n s  6 2 4  c h a r a c t e r s .  T h e  



. . .  - - - - -  ---.. - -  ------ --.----- 
a****** I D  REC8QD a******* 

SPCCTQAL BAND 0 - - . - - - - . . . . .  - - . - - S C E Q ~ M E I D ~ O ~ ~ S ~ P . ~ ~  . - - w 4 8 ~  2 S 

CCT SEO@ N u r  t et 4 -QECeRO LEUGtw 3296 - . --- - - -. - 

B I N A R Y  FQAME 10 50531648200 0 

IMAGE AwubT* ID . S1510103 - . -- ---- 

*ss DATA- ~~PELC0RR€CT-I U N  C ~ g o i o u 1 1 ~  -- -- -- - 
MSS ADJUStEO LINE LENGTH 3240 

F i g u r e  8. Computer P r i n t o u t  o f  a Sample I D  Record 

a n n o t a t i o n  r e c o r d  is a c o m p o s i t e  o f  two r e c o r d s  t a k e n  d i r e c t -  
l y  f rom t h e  image a n n o t a t i o n  t a p e .  The f irst  144 c h a r a c t e r s  
c o m p r i s e  t h e  a n n o t a t i o n  b l o c k ,  a n d  t h e  n e x t  480 c h a r a c t e r s  
c o m p r i s e  t h e  image l o c a t i o n  r e c o r a .  F i g u r e  9 d e f i n e s  t h e  
s e q u e n c e  o f  i n f o r m a t i o n  i n  t h e  a n n o t a t i o n  r e c .  d. 

A n n o t a t i o n  D a t a  Block  

The i n f o r m a t i o n  t a k e n  f rom t h e  2 n n o t a t i o n  t a p e  is i n  human 
r e a d a b l e  f o r m a t  t o  a l l o w  u s e r  i n t e r p r e t a t i o n .  T h e s e  d a t a  
a r e  s p e c i f i e d  a t  t h e  t i m e  of RBV e x p o s u r e  o r  a t  t h e  c e n t e r  

k-- 624 CHARACTERS 

I 

-I 
ANNOTATION BLOCK IMAGE LOCATION BLOCK 
1 U  CHAR EBCDIC 480 CHAR BINARV AN0 EBCDIC 

. 

F i g u r e  9. A n n o t a t i o n  Record I n f o r m a t i o n  Sequence  

13 ORIGINAL PAGE IS 
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o f  t h e  MSS frame.  A l l  d e c i m a l  p o i n t s  and s p e c i a l  c h a r a c t e r s  
a r e  i n c l u d e d .  The a n n o t a t i o n  b l n c k  d a t a  f o r m a t  c o n s i s t s  o f  
144 EBCDIC c h a r a c t e r s  (72  s i x t e e u - b i t  words ) .  The f o r m a t  
a n d  c o n t e n t  o f  t h e  c h a r a c t e r s  are d e f i n e d  i n  T a b l e  2. Sample 
o u t p u t  f rom t h e  V a l  Dump program ( F i g u r e  10) i l l u s t r a t e s  t h e  
t y p e  o f  i n f o r n ~ a t i o n  t h a t  is a v a i l a b l e  i n  t h e  f i r s t  144 c h a r a c -  
ters of t h e  a n n o t a t i o n  r e c o r d .  

AGENCY: q A S A  PRbjECTt ERTSmS FRAME 1 D t 0 ~ ) 3 3 0 ~  16HR 48MN ES 

-- 
- .  mM.AT. -. .. r- - 

OA mN--n TE . -. w- LATa -- LUNG LATe CBNG 
-4'Tw7-b&SlS*- 3 2 - 4 8  W106-08 

sy. ANQmf5- . - - - . . . "!?e!t-. SCEY.. IMAGE: BPHEHe 
EL AZ REV SIZE D A T A  

RdV 1 RBV 2 R 8 V  3 
SHUTTER ----- SETf I 'm - . . - 

DURI UF EXPe m o m  w m o  m-• 

MSS DATA ACQUIS*  . -.  - - - 

-TIT~-- 

F i g u r e  10. Sample Outpu t  f rom t h e  Val Dump Program 



Table 1 ' 

Annot a t  ion Block Data 

t 
Characters 

1-2 

3-5 

6-7 

8-10 

11 

12-13 

14 
15- 16 

17 

18 

19-21 

22 
23-24 

25 

26 

27-29 

30 

31-33 

34 

35-36 

57 

Des:ription 

Date of Exporure, day of month, numeral8 
Date of Expoauto, month of year, abbreviated t o  
three alphr characters 

Date of Exposure, yew, abbreviated t o  two 
numerals 
Constant: 'bCb' (a igni f ie r  Format Center) 
The center of tha  MSS image toraut is indicated 
i n  terms of ' l a t i tude  md longitude i n  degree8 
and mfnutes. The format center i a  defined as 
t h e  geometric extenuion of t h e  spacecraft yaw 
a t t i tude  senaor .xis t o  tha Earth's  surface 
Latitude direct ion,  1 alpha, N or  S 
Latitude, degrees, two numerals 
Constant : ' - 
Latitude, minutes, two numerals 
constant: 'I' 
Longitude, direct ion,  1 alpha, E or  W 
Longitude, degrees, three numerals 
Constant: ' - '  
Longitude, minutes, two numerals 
Constant: 'b' 

* Direction of Spacecraft,  'D' f o r  descendlag, 
' A '  for  acsending 

* Nominal pa th  i d e n t i f i e r ,  ranges from 1 t o  231, 
three numerals 
Constant: I - '  

Nominal raw i d e n t i f i e r ,  ranges from 1 t o  248, 
three numeral8 
Constant: 'b' 
Constant: 'Nb' ( 8 i g n i f i e ~  Nolainrl). 

Latitude direct ion,  1 alpha, N o r  8 

*Value may be zero for some retrospective imagery acquired 
p r i o r  t o  February 22, 1977. 



Table 2 
Annotation Block Data (continued) 

I* Lati tude,  degrees, two numerals I 

Characters 

I Constant: '-* I 

Description 

I* Lat i tude,  minutes, two numerals 1 

I Longitude d i rec t ion ,  1 alpha,  E o r  W I I* Longitude, degrees, th ree  numerals 1 I Constant: I I* Long1 tude , minutes, two numerals I 
Constant: b 1  I 
Sensor code, 'M' f o r  MSS 
Spectral  band-designated by one of the  
following four by t e s :  

Constant: ' b '  
Constant: ' 4 '  o r  ' b '  

1 Constant: '5 '  o r  'b' I 

I Constant: '6 '  o r  'b '  i 

I Constant: ' 7 '  o r  'b' 
Constant: 'bb' 
Transmission mode, 'D' f o r  d i r ec t  transmission, 
'R' ind ica tes  s to red  data played back from the  
s a t e l l i t e  wide band video tape recorder  

I Constant : ' bSUNbEL ' I 
Sun e levat ion ,  degrees, two numerals 
Sun elevat ion angle a t  the midpoint of t h e  MSS 
frame is speci f ied  t o  the nearest degree 

I Constant: 'bA1 I 
Sun azimuth, degrees, three  numerals 
Sun Azimuth - The sun azimuth angle from t r u e  
North a t  the midpoint of the  MSS frame is 
speci f ied  t o  the nearest degree 

I Constant: 'b' I 
I I Constant : ' U1L-CD-NbLab' I 

Constant: 'NASAbLANDSATbl 
* Value may be zero for some retrospective imagery acquired 

or inr  t n  F~hrw* 



Table 2 
Annotation Block Data (continued) 

Image Location Data 

L 

Characters 
I 

101-113 

114 

115-113 
117-140 
141-142 
143-144 

* 

The inage location data consist  of 240 sixteen-bit  words which 
describe t h e  tick marks tha t  associate  the scene w i t h  l a t i tude  
and longitude. There can be a maximum of s i x  t i c k  marks per 
s ide  ( i . e . ,  l e f t  s ide ,  r i g h t  s ide ,  top and bottom), and the 
image location data  includes t h e  t i c k  marks fo r  Bulk RBV 
(Landsat-1 o r  -2) as well a s  Bulk MSS data. 

1 
Description 

Scene Identification, E-DDDD-KHWb 
E - Encoded project iden t i f i e r  

LANDSAT 1 - 1 
LANDSAT 2 - 2 
LANDSAT 3 - 3 

DDDD - Day number r e l a t ive  t o  launch a t  time 
o observatioa;bDDD for some tape qenerated between 

EH - tour  a t  time of observation feb. and 1978. 
MM - Minute a t  time of observation 
Constant: ' 0 '  

Const ant : ' bb ' 
Reserved for  RBV 

Direct o r  recorded MSS data: 'Dbl or  no4 
i 

MSS data acquisition s i t e ,  ' A o * ,  'G-', 'N-t 

i 

The t i c k  mark location data  consis t  of four f i e lds :  the  
t i c k  posi t ion,  the  spec ia l  t i c k  character,  t h e  direct ion 
(N, S,  E, o r  W ) ,  and the value i n  degrees and minutes. Each 
t i c k  mark is denoted by a 16-bit signed integer  f rac t ion  
which spec i f ies  its posi t ion along the  edge of the scene, 
followed by e ight  EBCDIC characters.  See Table 2 f o r  a de- 
t a i l e d  description of the  t i c k  mark location information. 

The 16-bit signed integer f rac t ion  represents the location 
of the t i c k  mark along t h e  edge of the scene and takes on 
values from +1/2 t o  -1/2. The moat s ign i f i can t  b i t  of the 
integer f rac t ion  indicates  the  s i g n  of the f rac t ion .  If  t h e  
b i t  is a one, the fract ion is negative and is two's com- 
plement; if i t  is a zero,  the f rac t ion  is  posi t ive.  See 
Appendix F for  a discussion of the t i c k  mark r e f e i ~ n c e  sys- 
tem, and Appendix G f o r  a sample hexadecimal-decimal 
f rac t ion  conversion tab le .  



The s p e c i a l  t i c k  c h a r a c t e r s  a r c  e i t h e r  a n  X t 4 F ' ,  a n  EBCDIC 
v e r t i c a l  b a r  which  t s  u s e d  a l o n g  t h e  t o p  a n d  bo t tom e d g e s  
o f  t h e  s c e n e ,  o r  a n  X 1 7 E t ,  a n  EBCDIC e q u a l s  s i g n  wh ich  is 
used  t o  r e p r e s e n t  t h e  t i c k s  on t h e  l e f t  and  r i g h t  s i d e s  of t h e  
s c e n e .  The  d i r e c t i o n  is r e p r e s e n t e d  by a n  EBCDIC c h a r a c t e r  
w h i c h  r e p r e s e n t s  n o r t h ,  s o u t h ,  e a s t ,  or west ( N ,  S ,  E ,  or W ) .  
T h e  v a l u e  o f  t h e  l a t i t u d e  cjr l o n g i t u d e  is g i v e n  i n  d e g r e e s  ( 3  
c h a r a c t e r s )  and  m i n u t e s  ( 2  c h a r a c t e r s ) ,  

T h e r e  a r e  two f o r m a t s  u c e d  t o  r e p r e s e n t  t h e  l o c a t i o n  o f  t i c k  
marks.  The t i c k  marks  a r e  u s u a l l y  w r i t t e n  f i ~ s t  and n r e  
f o l l o w e d  b y  t h e  v a l u e  of t h e  1 ; r t i t u d e  o r  Ionrritrldt-.. T f  thcxre 
is not c1nc\lllrh room o n  nny ont? of t.ht? s l  d c s  I'or I t i c *  I :~sl. t i c k  
m i ~ l - k ,  tlrc-n I I I ~ .  vuluct o l' t h e  l i l t  i t u r f c b  or longi t.udtt i s  w r i  t 1 c t l r  

l ' i r s t  :ind i s  To1 1owc.d 11y t .hc t i c k  c h a r a c t e r  I'or t h e  l n s t  t i c k  
111:lx-k. An illi1::t r a t  i o n  o f  t h e  t w o  t i c k  mark f o r m a t s  follows: 

PL ; i t i o n :  1 6 - b i t  s i g n e d  b i n a r y  f r a c t i o n  
T j c k  mark a n n o t a t i o n :  

T i c k  mark c h a r a c t e r :  Xt4F '  o r  Xt7E' 
D i r e c t i o n ,  o n e  c h a r a c t e r :  N, S ,  E, o r  W 
V a l u e  

D e g r e e s ,  t h r e e  c h a r a c t e r s :  
C o n s t a n t :  I - '  

M i n u t e s ,  two c h a r a c t e r s :  00 o r  30 

Format  2 

P o s i t i o n :  16-bit  s i g n e d  b i n a r y  f r a c t i o n  
T i c k  mark a n n o t a t i o n :  

D i r e c t i o n ,  o n e  c h a r a c t e r :  N ,  S ,  E ,  or W 
V a l u e ,  s i x  c h a r a c t e r s :  same as Format  1 
T i c k  mark c h a r a c t e r :  X t 4 F t  o r  X'7Et 

Each o f  t h e  e i g h t  t i c k  mark t a b l e s  ( o n e  f o r  e a c h  MSS and  RBI' 
e d g e )  c o n t a i n s  t h e  t i c k  mark d a t a  a r r a n g e d  i 9  p o s i t i o n a l  o r -  
d e r  f rom t h e  t o p  o f  t h a  t a b l e  downward. The  u n u s e d  t i c k  mark 
l o c a t i o n s  are s i g n i f i e d  b y  a z e r o  i n  t h e  p o s i t i o n  words  and  
X'FF' i n  a l l  o f  t h e  a n n o t a t i o n  c h a r a c t e r s ,  

The t i c k  mark r e c o r d  f o r m a t  d e f i n e d  i n  t h e  1 6 - b i t  words  is 
a s  f o l l o w s :  



RBV t i c k  mark set ( L a n d s a t - 1  and -2 o n l y ) :  

C h a r a c t e r  

blSS t i c k  mark set: 

C h a r a c t e r  

D e s c r i p t i o c  

P o s i t i o n ,  t i c k  mark no. 1 
A n n o t a t i o n ,  t i c k  mark no. 1 
P o s i t i o n ,  t i c k  mark no. 2 
A n n o t a t i o n ,  t i c k  mark no. 2 
P o s i t i o n ,  t i c k  mark no.  3 
A n n o t a t i o n ,  t i c k  mark no. 3 
P o s i t i o n ,  t i c k  mark no. 4 
A n n o t a t i o n ,  t i c k  mark no. 4 
P o s i t i o n ,  t i c k  mark no. 5 
A n n o t a t i o n ,  t i c k  mark no. 5 
P o s i t i o n ,  t i c k  mark no.  6 
A n n o t a t i o n ,  t i c k  mark no. 6 
L e f t  e d g e  t i c k  mark t ab le  
R i g h t  e d g e  t i c k  mark t a b l e  
Bottom e d g e  t i c k  mark table 

B(121) - B(240)  Format is t h e  same as t h a t  f o r  
t h e  RBV t i c k  mark set 

F i g u r e  11 is a  Val  Dump p r i n t o u t  o f  t h e  hfSS t i c k  mark l o c a t i o n  
i n f o r m a t i o n .  

VIDEO DATA REC03D 

Dac3 Word 

The d a t a  word c o n s i s t s  o f  e i g h t  b i t s ,  o f  which  o n l y  s i x  
are u s e d  i f  t h e  d a t a  mode is l i n e a r  a n d  s e v e n  are u s e d  i f  
t h e  d a t a  moce is decompressed .  The f o l l o w i n g  i l l u s t r a t e s  
t h e  d a t a  wold  f o r  t h e  two modes: 

L i n e a r  Decompressed 

The X ' s  r e p r e s e n t  t h e  v i d e o  d a t a  b i t s  i n  t h e  word. The 
b i t s  i n  t h e  d i a g r a m  which ccx i t a in  t h e  0's a r e  u s e d  t o  i n d i c a t e  
f l a g s  ( e . g . ,  11111111 is u s e d  a s  t h e  r e g i s t r a t i o n  f i l l  c h a r a c -  
ter) .  
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The v a l u e  of d a t a  w i t h i n  t h e  d a t a  word v a r i e s  from 0 t o  53 
i n  t h e  l i n e a r  mode and from 0 t o  127 i n  t h e  decompressed mode, 
and r e p r e s e n t s  t h e  v a r i a t i o n  o f  t h e  r a d i a n c e  l e v e l  ( 0  r e p r e -  
s e n t s  b l a c k ,  63 o r  127 r e p r e s e n t s  w h i t e  and t h e  v a l u e s  i n  
between r e p r e s e n t  a l l  t h e  s h a d e s  o f  g r ay ) .  

TICK *A@* L r c A r l e N s  
~ o ~ o o o o * *  tbD EDGE ooo-oo** a 

P ¶ S I T .  D l P E C l  TfCU VALUE 
c d * r  

1 7569 c b lob-30 
2 6b296 r 1 106-00 
3 -957* r 1 105-30 

0 
5 0 - 
6 i: 

F i g u r e  11. Val Dump P r i n t o u t  o f  MSS T i c k  Mark 
L o c a t i o n  I n f o r m s t i o n  

I n  o r d e r  t o  o b t a i n  a v i d e o  da:a record which i n c l u d e s  informa-  
t i o n  from a l l  f o u r  s p e c t r a l  bands ,  t h e  d a t a  from t h e  bands 
a r e  combined i n  a p r o c e s s  c a l l e d  i n t e r l e a v i n g .  T h i s  is an  
o p e r a t i o n  i n  which t w o  b y t e s  o f  data from each  band are i n t e r -  
l e a v e d  t o  produce  a n  e i g h t - b y t e  ngroup,"  which is t h e  s m a l l e s t  
e lement  o f  i n t e r l e a v e d  d a t a .  F i g u r e  12  shows t h e  scheme used  
t o  i n t e r l e a v e  t h e  f o u r  bands  o f  MSS d a t a .  The d a t a  samples  
i n  t h e  group  a r e  r e g i s t e r e d  and  r e p r e s e n t  t h e  same two p o i n t s  
on t h e  ground ,  a s  s e n s e d  by  e a c h  o f  t h e  s p e c t r a l  bands.  

R s g i s t r a t i o n  f i l l  c h a r a c t e r s  are i n c l u d e d  i n  t h e  f i r s t  and 
l a s t  t h r e e  g roups ;  i.e., t5e first t h r e e  g roups  o f  e a c h  q u a r t e r  
s c a n  l i n e  on t a p e  1 o f  4  and  t h e  l a s t  t h r e e  g roups  o f  each  
q u a r t e r  s c a n  l i n e  on t a p e  4 of 4. I n  t h e  i l l u s t r a t i o n  of 
t h e s e  g roups  which f o l l o w s ,  t h e  G ' s  p r e s e n t  r e g i s t r a t i o n  f i l l  
c h a r a c t e r s  and  t h e  X ' s  r e p r e s e n t  v i d e o  d a t a  b y t e s :  

F i r s t  t h r e e  g roups  

L a s t  t h r e e  g roups  



MOTES. 

REGISTRATION FILL CHARACTER - VIDEO DATA BYTE - "SCAN L I N E  INOEX. THERE ARE 
2340 SCAN LINES IN E*CH STRIP - "GROUP IMOEX 

1 M N O  4 

n 
SPACECRAFT 

a , ' -FOUR CCT FORMAT 

u u CW CCT FORMAT 

MERGE0 CCT 1 6 2 MERGED CCI 3 4 

Figure 12. Bulk MSS Four-Band Scene 
to Interleaved CCT Conversion 



S i n c e  t h e  l e n g t h  o f  s c a n  l i n e s  v a r i f s  s l i g h t l y ,  t h e  a d j u s t e d  
s c a n  l i ce  l e n g t h  is u s e d  t o  d e t e r m i n e  t h e  number o f  g r o u p s  
(3n  e i g h t - b y t e  g r o u p s )  p e r  scan l i n e .  The n r e f e r r e d  t o  is 
t h e  same n  t h a t  is u s e d  i n  a d j u s t i n g  t h e  scan l i n e  l e n g t h .  
S e e  Appendix C f o r  an  e x p l a n a t i o n  o f  t h e  l i n e  l e n g t h  ad j -1s t -  
ment . 

Video  D a t n  Record  f o r  L a n d s a t  

The L a n d s a t  v i d e o  d a t a  r e c o r d  (R1 k )  c o n s i s t s  o f  3n e i g h t - b y t e  
g r o u p s  a n d  f o u r  1 4 - b y t e  c a l i b r a t i d n  g r o u p s .  F i g u r e  13 i l l u s -  
t r a t e s  t h e  r e c o r d  f o r m a t ;  i d e n o t e s  t h e  imr.ge segment  a n d  
t h e  CCT t a p e  number, a n d  k is t h e  s e q u e n t i a l  s c a n  l i n e  index .  

The f o u r  1 4 - b y t e  c a l i b r a t i o n  g r o u p s  c o n t a i n  c a l i b r a t i o n  d a t a  
f o r  e a c h  o f  t h e  f o u r  MSS bands .  Each g r o u p  c o n t a i n s  s i x  ca l i -  
b r a t i o n  wedge s a m p l e s ,  a s u n  c a l i b r a t i o n  c o e f f i c i e n t ,  correc- 
t i o n  c o e f f i c i e n t s  ( f i l t e r e d  o f f s e t  a n d  f i l t e r e d  g a i n ) ,  a n d  
t h e  v a l u e  o f  t h e  u n a d j u s t e d  l i n e  l e n g t h  f o r  a band ,  F i g u r e  
1 4  g j v e s  t h e  breakdown of t h e  c a l i b r a t i o n  d a t a .  The b  d e n o t e s  
t h e  band  a n d  t h e  k d e n o t e s  t h e  s c a n  l i n e .  F i g u r e  15 shows 
t h e  Val Dump p r i n t o u t  o f  t h e  c a l i b r a t i o n  d a t a .  

F i g u r e  1 6  is a samrle V a l  Dump o u t p u t  o f  a n  MSS v i d e o  d a t a  
r e c o r d .  The p r i n t o u t  is i n  h e x a d e c i ~ a l .  Note t h a t  i n  t h i s  
example ,  t a p e  1 o f  4 is u s e d ;  t h e r e l o r e ,  t h e  r e g i s t r a t i o n  
f i l l  c h a r ~ c t e r s  (X'FF ' )  a p p e a r  w i t h i n  t h e  f i r s t  d a t a  b y t e s .  

Missing D a t a  F l a g s  - - 
I f  d a t a  f o r  a s c a n  l i n e  is ios t  w h i l e  making a  CCT, a f l a g  
(S'CCCC' o r ,  i n  t h e  b i n a r y  r e p r e s e n t a t j ~ n ,  1 1 0 0  1100) is i n -  
s e r t e d  a t  t h e  b e g i n n i n g  o f  t h e  c c a n  l i n e  (on t a p e  1 o f  4 
o n l y ) .  



Figure 13. Bulk MSS F u l l  Scene I n t e r l e a v e d  Record Format 
(Line Length Adjusted to N=21n Samplcs) 
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F i g u r e  1 4 ,  Bulk MSS C a l i b r a t i o n  Group D e t a i l  

F i g u r e  15.  Val Dump P r i n t o u t  of C a l i b r a t i o n  Data 
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F i g u r e  16. Sample Val Dump Output  o f  an  MSS Video Data Record 
( S e e  Appendix G f o r  hexadecimal- to-decimal  c o n v e r s i o n . )  

L ine  S e t  

The l i n e  set ( L . ,  p )  c o n s i s t s  o f  t h r e e  v i d e o  d a t a  r e c o r d s .  
F i g u r e  17 is a a i ag ram o f  t h e  l i n e  se t .  F i g u r e  18 d iagrams  
t h e  l i n e  set g roup ing  f o r  t h e  four-CCT fo rma t .  

SIAT Data  F i l e  

T h i s  f i l e ,  a s  d e s c r i b e d  i n  Appendix H ,  c o n s i s t s  o f  e i g h t  
r e c o r d s .  The f i r s t  r e c o r d  is a 2048 b t e  r e c o r d  which con- 
t a i n s  t h e  SIAT l o g i c a l  t a p e  heade r .  T h e second  r e c o r d  con- 
t a i n s  268 b y t e s  o f  t h e  c a l i b r a t i o n  m o d i f i e r s  ( M ' s  and A ' s ) .  
The t h i r d  r e c o r d  c o n t a i n s  222 b y t e s  o f  P r o c e s s i n g  I n f o r m a t i o n  
Data .  The f o u r t h  r e c o r d  c o n t a i n s  160 b y t e s  o f  S p a c e c r a f t  and 



TAPE 1 
1 -  1 

TAPE 2 
i - 2  

TAPE 3 
i - 3  

TAPE 4 
1 - 4  

NOIE: 
I - THE IMAGE SEGMIENT AND COMPUTERCOMTATIBLE TAPE N U M e R  
P - SEOUENTIAL LINE SET NUMBER 

Figure 17. Bulk MSS Full Frame Line Set 

pp 4 band scene 1 

Figure 18. Bulk MSS Full Scene, Four-CCT Format 

Sensor Performance Data. The fifth record contains 144 
bytes of Annotation Block Data (Table 2). The sixth re- 
cord contains 76 bytes of RBV Computational Dzta. Record 
seven contains 326 bytes of MSS Computation Data. The 
eighth record contains 480 bytes of Image Location Data. 

A detailed description of each of these files is shown in 
Appendix H. 
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RADIOMETRIC STRIPING WITHIN VIDEO DATA ON CCTs 

S t r i p i n g  p r o b l e m s  i n  CCT v i d e o  d a t a  c a n  be d i v i d e d  i n t o  t h r e e  
b a s i c  t y p e s :  r a d i o m e t r i c  s t r i p i n g ,  s i x t h  l i n e  s t r i p i n g ,  and  
i n t e r m i t t e n t  p rob lems  which a p p e a r  t o  b e  s t r i p i n g .  

RADIOMETRIC STRIPING 

R a d i o m e t r i c  s t r i p i n g  is c h a r a c t e r i z e d  by v a r i a t i o n s  i n  t h e  
f i l m  d e n s i t y  o f  imagery  which s h o u l d  be u n i f o r m ,  T h e s e  v a r i -  
a t i o n s  are r e p e a t a b l e  and a r e  p r e s e n t  i n  t h e  d i g i t a l  d a t a  
i n  t h e  same manner. 

T h i s  t y p e  o f  s t r i p i n g  is d u e  t o  s l i g h t  d i f f e r s n c e s  i n  s e n s i t i v -  
i t y  among t h e  d e t e c t o r s .  To compensa te  f o r  t h i s  v a r i a t i o n  
i n  d e t e c t o r  o u t p u t ,  g a i n s  a n d  o f f s e t s  are u s e d  which  are c a l -  
c u l a t e d  from r e g r e s s i o n  c o e f f i c i e n t s  t h a t  o p e r a t e  on t h e  ca l  
wedge of e a c h  d e t e c t o r .  

The r e g r e s s i o n  c o e f f i c i e n t s  ( f o r  L a n d s a t - 1 )  u s e d  b e f o r e  A p r i l  
1 9 7 3  were b a s e d  on p r e l a u n c h  e v a l u a t i o n s .  R a d i o m e t r i c  sen-  
s i t i v i t y ,  however,  changed  s l i g h t l y  a f t e r  l a u n c h ,  c a u s i n g  
a s t r i p i n g  problem.  I n  A p r i l  1973 ,  n e v  r e g r e s s i o n  c o e f f i c i e n t s  
w e r e  s e l e c t e d  which e f f e c t i v e l y  e l i m i n a t e d  t h e  radiometric 
s t r i p i n g  problem.  

I n  J u l y  1977 ,  a f u r t h e r  attempt was made t o  remove s t r i p i n g .  
T h i s  was  a c c o m p l i s h e d  t h z o u g h  t h e  a d d i t i o n  o f  c o n s t a n t  modi- 
f i e r s  which are a p p l i e d  t o  t h e  imagery  a f t e r  t h e  d a t a  are 
n o r m a l l y  cal ibrated.  T h e s e  r a d i o m e t r i c  c a l i b r a t f o n  m o d i f i e r s  
are r e f e r r e d  t o  as  M ' s  a n d  A ' s ,  c o n s t a n t  m u l t i p l i e r s  ( p e r  
d e t e c t o r )  a n d  c o n s t a n t  adders ( p e r  d e t e c t o r )  r e s p e c t i v e l y .  
Each c o n s t a n t  is c h a n g e a b l e  t h r o u g h  s o f t w a r e .  The M ' s  and 
A ' s  a p p e a r  i n  t h e  SIAT f i l e  a s  r e c o r d  2. 

Appendix I p r o v i d e s  i n f o r m a t i o n  on d e t e c t o r - t o - d e t e c t o r  r a -  
d i o m e t r i c  a c c u r a c y .  

SIXTH LINE STRIPING 

T h i s  s t r i p i n g  is c h a r a c t e r i z e d  by a v a r i a t i o n  i n  e v e r y  s i x t h  
s c a n  l i n e  o f  s i x  quantum l e v e l s  o r  more f rom t h e  a v e r a g e  quan- 
tum l e v e l  o f  t h e  o t h e r  s c a n  l i n e s .  

T h i s  s t r i p i n g  p rob lem was c a u s e d  by a n  i n t e r m i t t e n t  ha rdware  
p rob lem i n  t h e  MSS c o n t r o l l e r  i n  IIGS, a n d  was c o r r e c t e d  t h r o u g h  
m o d i f i c a t i o n  o f  t h e  s o f t w a r e  i n  A p r i l  1973.  



INTERMITTENT PROBLEMS 

T h i s  class o f  p rob lems  o c c u r s  s o  i n t e r m i t t e n t l y  t h a t  a s o l u t i o n  
h a s  n o t  b e e n  d e t e r m i n e d  t o  c o r r e c t  for  them. These  p rob lems  
i n c l u d e  p a r t i a l  s y n c  loss,  f u l l  s y n c  loss, t r a c k  l o s s  or 
d i s a b l e ,  b i t  s l i p s ,  a n d  demux n o i s e .  T h e s e  p r o b l e m s ,  a l o n g  
w i t h  t h e i r  c a u s e s  a n d  e f f e c t s ,  a r e  l i s t ed  i n  T a b l e  3. 

T a b l e  3 
C a u s e s  and E f f e c t s  o f  I n t e r m i t t e n t  S t r i p i n g  Prob lems  

1 Problem I Cause I Effect I 
Track l o s s  o r  
d i sab le  

P a r t i a l  sync 
loss  

B i t  s l i p s  

In te rmi t ten t  zeros 
appear in  the  video 
f o r  a  detector  

I Demux noise 

A l l  zeros on the 
CCT f o r  video da ta ,  
l i n e  length code 
and c a l  wedge 

Inoperative t rack on 
FR1928 tape recorder 
o r  USS con t ro l l e r  
unable t o  f ind sync 

Complete l o s s  of 
data/sync f o r  one o r  
several  scan l i ne s  

Data not decoded pro- 
per ly by the FR1928 
tape recorder 

The demultiplexer 03- 
casional ly adds noise 
t o  the  data  as  i t  is 
being t ransfer red  t o  
the  ground from the 
spacecraf t  

N o t e :  
Updated Landsa t -2  c a l i b r a t i o n  c o n s t a n t s  were c a l c u l a t e d  
s h o r t l y  a f t e r  l a u n c h  t o  r e d u c e  s t r i p i n g  i n  s e v e r a l  d e t e c t o r s .  
The r e s u l t s  o f  a s t u d y  ( J u n e  1075) i n v o l v i n g  t h e  d e t e c t o r -  
t o - d e t e c t o r  s t r i p i n g  i n d i c a t e d  t h a t  t h e  RMS s t r i p i n g  is 
less t h a n  o n e  MSS l e v e l  f o r  e v e r y  d e t e c t o r  on Landsa t -2 .  

Zeros a r e  s tored 
on the  CCT fo r  a  
de tec tor  9r de- 
t e c to r s ,  l i n e  
length code, c a l  
wedge, e t c .  

Zeros s tored on 
the CCT f c r  .: de- 
t e c t o r  

Missing scan l i n e ,  
o r  port ion of scan 
l i n e  contains  zeros 

Ful l  sync loss  Loss of sync f o r  a l l  / sxx detectors  of a  



APPENDIX A 

DISTANCE BETWEEN MSS CCT VIDEO DATA BYTES 
AND THE CORRESPONDING GROUND AREA COVERED* 

During  t h e  MSS s c a n  o f  t h e  ground ,  t h e  v i d e o  d a t a  bytes 
co r r e spond  t o  260 by 260 f o o t  a r e a s  which,  i f  t h e  mirror 
v e l o c i t y  were c o n s t a n t ,  would have  a  c o n s t a n t  o v e r l a p  o f  
71.5 feet.  The a c t u a l  mirror v e l o c i t y  is n o t  c o n s t a n t  be- 
c a u s e  o f  t h e  s p e e d i n g  up and  s l o w i n g  down o f  t h e  mirror. 
A r e a l i s t i c  r e p r e s e n t a t i o n  o f  t h e  mirror v e l o c i t y  v e r s u s  
time is v e r y  n e a r l y  a  c o s i n e  c u r v e  d u r i n g  t h e  a c t i v e  s c a n ,  
a s  shown i n  F i g u r e  A-1.  S i n c e  t h e  m i r r o r  v e l o c i t y  is n o t  
c o n s t a n t ,  t h e  amount o f  o v e r l a p  is also v a r i a b l e ,  b u t  is 
n e g l i g i b l e  f o r  most a p p l i c a t i o n s  of  t h e  d a t a .  F i g u r e  A- 
2 shows t h e  v a r i a b l e  o v e r l a p ,  e x a g g e r a t e d  t o  i l l u s t r a t e  
t h i s  c h a r a c t e r i s t i c .  

If t h e  d i s t a n c e  cove re$  on t h e  ground and  t h e  sweep time 
o f  t h e  m i r r o r  a r e  p l o t t e d  for  a c o n s t a c t  m i r r o r  v e l o c i t y  
and f o r  a  v a r i a b l e  m i r r o r  v e l o c i t y ,  t h e  r e l a t i o n s h i p  between 
t h e  t w o  is  s i m i l a r  t o  t h a t  shown i n  F i g u r e  A-3. The s t r a i g h t  
l i n e  shows a  c o n s t a n t  v e l o c i t y  o f  t h e  m i r r o r  v e r s u s  t h e  
d i s t a n c e  cove red  on t h e  ground. The cu rved  l i n e  shows t h e  
a c t u a l  v a r i a b l e  v e l o c i t y  o f  t h e  m i r r o r  v e r s u s  t h e  d i s t a n c e  
cove red  on t h e  ground. The d i f f e r e n c e  between t h e  t w o  l i n e s  
i n d i c a t e s  t h e  c o r r e c t i o n s  n e c e s s a r y  t o  make p o i n t s  on t h e  
CCT ref lect  a c c u r a t e l y  t h e  d i s t a n c e  cove red  on t h e  ground. 

F i g u r e  A-4 shows a m i r r o r  v e l o c i t y  p r o f i l e  c u r v e  which p l o t s  
t h e  summation o f  t h e  ground e r r o r  v e r s u s  t h e  185 km of  ground 
covered .  The maximum accumula ted  e r r o r  is  app rox ima te ly  
f400 meters (i .e. ,  app rox ima te ly  1300 f ee t ,  which is abou t  
5 p i x e l s ) .  I t  s h o u l d  be no ted  t h a t  t h e  mirror v e l o c i t y  
p r o f i l e  c u r v e  shows t h e  accumula ted  e r r o r  a t  any p o i n t  a c r o s s  
t h e  s c a n  l i n e .  The accumula ted  error a t  46.25 km is c l o s e  
t o  t h e  maximum; however, a t  92.5 km t h e  accumula ted  e r r o r  
is z e r o .  When i n t e r p r e t i n g  t h e  d i s t a n c e  between two p o i n t s  
on t h e  ground c o r r e s p o n d i n g  t o  t h e  d i s t a n c e  between v i d e o  

*This  d i s c u s s i o n  is based  on nominal s p a c e c r a f t  c o n d i t i o n s  
( such  a s  s p a c e c r a f t  a l t i t u d e )  and does  n o t  c o n s i d e r  n e g l i g i b l e  
p e r s p e c t i v e  e r r o r s .  
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NOTE: Not drawn t o  sca le  

Figure A-1.  Com~arison of the  Constant Mirror Velocity 
and the  Veriable Mirrcr Velocity 

NOTE: 1. Pixels  a re  represented by c i r c l e s  f o r  ease of 
i l l u s t r a t i o n ;  they a re  actual ly  squares. 

2. Not drawn t o  s c a l e  

Figure A-2. Overlay of P ixe l s ,  Corresponding t o  
a Variable Mirror Velocity 

CONSTliNT VELOCITY 
GROUNO SCAN 

VARIABLE VELOC:fv 
GROUND SCAM 

- 
SWEEP TIM OF POOR Q U ~  

Note: 1. X = the eas te r ly  scan of the ground 

2. Not d rawn  t o  sca le  

Figure A-3. comparison of Distance Covered on t h e  Ground 
fo r  a Constant Mirror Velocity a n d  a Variable Mirror Velccity 





d a t a  b y t e s  on t h e  CCT, o n e  must  remember t h a t  t h e  error accum- 
u l a t e d  f rom t h e  b e g i n n i n g  o f  t h e  s c a n  l i n e  t o  t h e  p o i n t  l o c a t e d  
a t  46.25 km i s  a p p r o x i m a t e l y  400 meters. The d i s t a n c e  r e p r e -  
s e n t e d  by a  q u a r t e r  0% a  d i g i t a l  s c a n  l i n e  is n o t  46.25 km; 
i t  is 46.25 km minus  a p p r o x i m a t e l y  400 m e t e r s ;  w h e r e a s ,  h a l f  
o f  t h e  d i g i t a l  s c a n  l i n e  c o r r e s p o n d s  t o  92.5 km. 



APPENDIX B 

MAGNETIC TAPE PHYSICAL CHARACTERISTICS 

Computer-compatible t a p e s  (CCTs) a r e  s t a n d a r d  one -ha l f - inch  
p o l y e s t e r - b a s e  magnet ic  t a p e s .  The p h y s i c a l  c h a r a c t e r i s t i c s  
of CCTs are g iven  i n  F i g u r e  B-1 and Tab le  B - 1 .  

There  is one s c e n e  o f  d i g i t a l  ir,lagery f o r  each  set o f  f o u r  
CCTs, o r  on two merged CCTs. The e x t e r n a l  l a b e l  on each  t a p 2  
c o n t a i n s  t h e  i n f o r m a l i o n  shown i n  F i g u r e  B-2. 

CCTs a r c  a v a i l a b l e  i n  two b a s i c  f o r m a t s .  

For  t h e  n i n e - t r a c k  CCT, t h e  a lphanumer ic  d a t a  are i n  EBCDIC 
and t h e  v i d e o  d a t a  a r e  i n  b i n a r y .  

Seven- t rack ,  800 b p i  -- 
The seven- t r ack  CCT c o n t a i n s  packed b i n a r y  v i d e o  d a t a  and 
packed binar;r EBCDTC alphanumeric  d a t a .  The r e c o r d  l a y o u t  
and b i t  s t r u c t u r e  a r e  i d e n t i c a l  t o  t h e  l a y o u t  and s t r u c t u r e  o f  
t h e  n i n e - t r a c k  CCT. The s t a n d a r d  product  is a s e v e n - t r a c k ,  
800-bpi CCT, bu t  a s e v e n - t r a c k ,  556-bpi CCT may b e  o r d e r e d  by 
s p e c i a l  r e q u e s t ,  The format  is  t h e  same a s  f o r  t h e  800-bpi CCT. 

. * I ,  
I , '  . , 1 , s  6 0 ,  , 
! :* !  

-- - 
)Lf 1 ~ n ~ C o n 0 0 ~  

1 LRC 

I-'""' RE con0 W 
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F i g u r e  B-1. P h y s i c a l  Spacing of Records on Tap2 
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Table B-1 .  

CCT Operational Data Format Definrtions 

Tape Recording 1 
I Tape : 0:s inch wide; 2400 it. locg. 1.5 mrl 

tb ick .  mylar o r  polyester  base. I 
tc;d Pninr Sarker: Placed p a r a l l e l  t o  and nor nore thrn 
tml) 1/32 inch f r o a  t h e  edge of the tape 

nearest  the operator  when reel is 
mowred. providing a leader  of a t  l e a s t  
10 f e e t .  

Fkd or  Tape a r k a r :  Placed p a r a l l e l  t o  and a c t  mre than 1/32 
(Ern) inch f r o =  t h e  edge of t h e  tape nearest  

t h e  tape uni t  when the  tape is arruated. 
providing a leader  o i  a t  l e a s t  14 i e e t .  

7- t r ick 1ntcrct ;a~gc code: Video d:ta. packed b i n a r t ;  
A l p h m ~ n r i c  ID data i n  packed 
binary EBCDIC. 

&cordice .'o.mat: 7 chaccels,  6 in fomar ion  b i c s  
plus  p a r i t y ,  packed binary. 

Recording densi ty:  do0 bpi is standard; 556 bpi by 
spec ia l  request.  

9-track Interchange code: Video data .  binary: Alpkramrcrlc 
ID data.  EBCDIC. 

Becording format: 3 channels. 8 inforant ion b i t s  
p lus  p a r i t y .  binary. 

!Tecordilg densi ty:  800 b i c s  per inch. o r  1600 t i t s  
per inch. 

Data Records: 

Record Size: 

W o r d s  c i  log ica l  da ta  a r e  separated 3p 
icrsr-record gap- 

Yinrmm: 12 bytes;  maxisun: l i ~ i t e a  5r 
coaputer m r f .  

1nr:ial Gap: (16)  0.94 inch a f t e r  :cad pc:r.t aarker .  

Inter-record Gap: (:W) 0.60 -0.15. - . lo  :act 

Tape Nark (End of P i l e .  3.5 inch. ? o l ~ o r e d  by one byte  ( ~ ' 1 3 ' )  
ECF) : fo l lo red  by a longi tudinal  check 

character  (LRC) only. 

Validity Chncks 

Yert icai :  Chid par i ty  IS wed. 

Longit?~drnal redu~dancy check (LRC).  
c y c l l c  reduadancy check (CRC: charac te rs  
wr i t t ea  a u t o ~ t l c a l l y  f o l l c r i n g  data  
records. 

P h ~ s i c a i  Spacirg: Befer t o  Figure B-1 for  descr i j~r ioa .  

........... I n,....  tar^ ic.............. 
stte 113 ........................... -d 

Figure B-2. External Tape Label 

B-2 



APPENDIX C 

LINE LENGTH ADJUSTMENT 

When t h e  MSS v i d e o  t a p e  is p r o c e s s e d  i n  IIGS i n  t h e  v ideo- to-  
t a p e  mode, a comparison is made w h i l e  each  s c a n  l i n e  is b e i n g  
r e a d  t o  de t e rmine  t h e  maximum l i n e  l e n g t h  code (LLC) f o r  t h e  
s c e n e ,  The maximum LLC, r e f e r r e d  t o  as Nmax, is e n t e r e d  by 
t h e  o p e r a t o r  and used  by t h e  d i g i t a l  subsystem (DS) t o  compute 
the a d j u s t e d  l i n e  l e n g t h .  

To compute t h e  a d j u s t e d  l i n e  l e n g t h ,  DS u s e s  t h e  Kmax from 
t h e  APT and LLC, a  code d e n o t i n g  t h e  number o f  v i d e o  d a t a  
samples  p e r  u n c o r r e c t e d  ( raw)  s c a n  l i n e ,  r e f e r r e d  t o  a s  LLC 
raw, which is provided  t o  t h e  DS i n  t h e  c a l i b r a t i o n  data. I n  
computing t h e  a d j u s t e d  l i n e  l e n g t h ,  LLC r a w  is c o n f i n e d  t o  
b o u n d a r i e s  as f o l l o w s :  

2 6 5 0 ~  LLC r a w r  3480 

IfLLC raw e x t e n d s  beyond t h e s e  b o u n d a r i e s ,  DS u s e s  che v a l u e  
o f  LLC raw from t h e  p r e v i o u s  s c a n  l i n e .  Next ,  Nmax minus 
LLC raw is computed; i f  i t  is e q u a l  t o  z e r o ,  no l i n e  l e n g t h  
c o r r e c t i o n s  a re  made. LLA ( a d j u s t e d  l i n e  l e n g t h )  is )n- 
v e r t e d  t o  t h e  s m a l l e s t  m u l t i p l e  o f  24 a h i c h  s a t i s f i e s  ; h e  
f o l l o w i n g  co i ld i t  i o n  : 

LLA > Nmax + 6 

where 6 co r r e sponds  t o  t h e  number o f  r e g i s t r a t i o n  f i l l  cha r -  
a c t e r s  added t o  each  i n t e r l e a v e d  s c a n  l i n e  

or 
LLA = 24n 

where n  = i n t e g e r  p a r t  o f :  

Nmax + 6 + 23 
E = 

2 4 

23/24 p r o v i d e s  h igh  roundof f .  

The m u l t i p l e  o f  24 is s e l e c t e d  a s  t h e  s m a l l e s t  i n t e g e r  * ? 

ahic.1 is d i v i s i b l e  by b o t h  s i x  and e i g h t ,  t h e  s i x  r e p r e s e n t -  
i n g  six b y t e s  maximum f o r  s p a t i a l  r e g i s t r a t i o n ,  t h l ~  e i g h t  
r e p r e s e n t i n g  b y t e s  f o r  i n t e r l e a v i n g  ( t w o  b y t e s  per band ,  m u l t i -  
p l i e d  b y  f o u r  bands ) .  



After ca1c:ilating the LLA, a computation is made to determine 
the interval for interspersing synthetic bytes. To obtain 
equal line lengths. synthetic bgtcs are interspersed with data 
bytes a: a specific interval. The slue assigned to the 
synthetic byte is equal to the acth quantum level of the 
last video data byte immediately preceding the synthetic byte. 
The interval is calculated as follows: 

LLC 
A = -  - 

LLA-(LLC+G) ( integer part only) 

This interval is set into a counter. The counter is de- 
cremented with each transfer of video data (bytes). When 
the counter reaches zero, the last data byte transferred is 
repeat2d. The counter is then reset and the process is 
repeated until the scan line is com$lete. 

All deltas in the count sequence are the same with the excep- 
tion of the initial deltas, which must be adjusted to correct 
for spectral band misregistration. As the data is transmitted 
from the sensor. each MSS band is spatially offset from the 
preceding band by two video data bytes (a function of sensor 
operation). Therefore, to register the video data on the CCT, 
Band 1 data is offset by six bytes. Rand 2 by four bytes, and 
Band 3 by two bytes relative to Band 4 .  This is accomplished 
by adding registration fill characters of X'FF' data. 

To adjust the delta for the initial count for each scan line, 
the quantity A b  is subtracted, where: 

where b is the spectral band  umber; i-e., 

Ainitial = b - Ab 



APPENDIX D 

RADIOMETRIC CALIBRATION 

F i g u r e  D-1 shows t h e  d a t a  f l o w  t h r o u g h  t h e  i n i t i a l  image 
g e n e r a t i n g  s u b s y s t e m  ( I I G S )  a n d  t h e  d i g i t a l  s u b s y s t e m  (DS) 
o f  t h e  NASA Data P r o c e s s i n g  F a c i l i t y .  The MSS v i d e o  d a t a  
is e r t e r e d  i n t o  t h e  DPPS where  a  h i g h - d e n s i t y  d i g i t a l  t a p e  
(HDDT) is made. The HDDT c o n t a i n s  t h e  u n c a l i b r a t e d  d a t a ,  
l i n e  l e n g t h  c o d e  v a l u e s  f o r  e a c h  s c a n  l i n e  and t h e  r a d i o m e t r i c  
c a l i b r a t i o n  wedge s a m p l e s .  The HDM' is t h e  i n p u t  t o  t h e  DS. 
The DS r e f o r m a t s  t h e  d a t a ,  c a l i b r a t e s  t h e  d a t a  s n J  g e n e r k t e s  
t h e  CCT. 

F i g u r e  D-1. D a t a  Flow t h r o u g h  IIGS and  DS 

I 

F i g u r e  D-2 is a f l o w c h a r t  o f  t h e  r a d i o m e t r i c  c a l i b r a t i o n  
p r o c e d u r e  ( u s e d  f o r  t h e  f i r s t  t h r e e  MSS b a n d s ;  t h e  f o u r t h  
band is u n c a l i b r a t e d  f o r  L s n d s a t - 1 )  which t a k e s  p l a c e  i n  
t h e  DS. A d e t a i l e d  e x p l a n a t i o n  of t h e  e q u a t i o n s ,  c a l i b r a -  
t i o n  wedge word c o u n t s ,  maximum s p e c i f i e d  r a d i a n c e  and t h e  
s u n  c a l i b r a t i o n  p r o c e d u r e  is p r o v i d e d  i n  t h e  ERTS D a t a  C s e r s '  
Handbook. Note t h a t  t h e  s u n  c a l i b r a t i o n  is n o t  u s e d  a t  
p r e s e n t ;  t h e  s u n  c a l  c o e f f i c i e n t  K, is set e q u a l  t o  o n e .  

STEP ONE - DIGITAL IMAGE 
PREPROCESSING SVSTEM 



The calibration data from the HDDT scan line record is entered 
into the system. At this point, either a compressed or decm- 
ressed mode is selected, Next, an estimate is made for a and ! from the calibration data. The equations used in making 
this estimate are the following: 

Linear regression 

6 

Vi is the input value of the cal wedge word i, and Ci and Di 
are regression coefficients. See Tables C-1 through D-SAfor 
the C-'s and DiVs. a and 6 are then filtered, yielding as and 
6,, rbich are referred to as the filtered offset and filtered 
gain respectively. The filter equations are as follows: 

and 

, for n = 1 

+ w . [ i - b ,  ] . f o r n > l  
s n-1 

where 

wa = [ l/n, for n s N, 
n 

l/Na, for n > Na 

D-2 



a n d  

Wb = 1 ,  for n r N~ 
n 

l/Xb, for n -. Nb 

Nb is t h e  c o n t r o l  number f o r  t h e  g a i n  f i l t e r .  The  p r e s e n t  
v a l u e  f o r  Na a n d  Nb is 32. 

F i n a l l y ,  c a l i b r a t e d  v a l u e s  a r e  p r o d u c e d  b y  a p p l y i n g  t h e  
f o l l o w i n g  e q u a t i o n :  

K is t h e  s u n  c a l  c o e f f i c i e n t  a n d  U is t h e  g r a y  sca le  l e v e l  
( 8  t o  63) .  M a n d  A sre image  d e p e n d e n t  p a r a m e t e r s  u s e d  t o  
m i n i m i z e  s t r i p i n g  a n d  are c o n t a i n e d  i n  t h e  SIAT f i l e .  

T h e  t r a n s f o r m a t i o n  X ( U )  may be t h e  d e c a m p r e s s i o n  t r a n s f o r m  
or  i t  mag be t h e  i d e n t i t y  t r a n s f o r m .  V a l u e s  o f  Us a r e  r o u n d e d  
t o  i n t e g e r s  b e f o r e  b e i n g  l o a d e d  i n t o  t h e  l o o k - u p  t a b l e .  

NOTE : 

T h e  p r e v i o u s  e q u a t i o n s  are a p p l i e d  o n c e  p e r  s e n s o r  f o r  e a c h  
band on  t h e  o d d  mirror sweep ( s i x  s c a n  l i n e s  p e r  mirror 
s w e e p ) .  A f i l t e r e d  g a i n  a n d  o f f s e t  a r e  s a v e d  f o r  e a c h  
s e n s o r  i n  e a c h  band  i n  o r d e r  t o  ca l ib ra te  t h e  e v e n  sweep .  

SUN CAL 
COEFFICIENT 

K, (-11 

4 
A 

a a ' CALIBRATED - - r - 
LINEAR A CALIBRATE "IDE0 OAT A 

REGRESSION 6 FILTER - 
bs 

1-d kromprr. 8 

C 
ifdaifod) 

L d b - 

I (V,) VIDEO DATA IUNCALIBRATED) f 
A 
a - FILT ERE0 OFFSET 
A 
b, - FILTEREO GAIN 

CAL m f f i E  WORDS tvi) ARE DECOMPRESSED 
BEFORE BEING USED FOR CALIBRATION 

f' 
DECOMPRESS 

F i g u r e  D-2.  DS R a d i o m e t r i c  C a l i b r a t i o n  F l o w c h a r t  

D- 3 
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APPENDIX E 

DECOMPRESS ION TABLES 
USED BY DIGITAL SUBSYSTEM PRIOR TO CALIBRATION 

The fo l lowing  t a b l e s  a r e  used  f o r  decompressing t h e  v ideo  
d a t a  from Bands 4 ,  5 and 6. Band 7 is l i n e a r  and r e q u i r e s  
no decompression.  

The v a l u e s  o f  t h e  compressed v ideo  d a t a  vary  from 0 t o  63; 
a f t e r  decompression,  t h e  v i d e o  d a t a  v a l u e s  vary  from 0 t o  
127.  The decompressed v a l u e s ,  g a i n s  and o f f s e t s  a r e  used 
t o  determi.ie t h e  c a l i b r a t e d  v a l u e s  o f  t h e  v i d e o  d a t a .  To 
r e v e r s e  t h e  p r o c e s s  and o b t a i n  compressed v a l u e s  from t h e  
decompressed v a l u e s  of t h e  CCT, t h e  u s e r  must have t h e  g a i n  
and o f f s e t  v a l u e s  i n  a d d i t i o n  t o  t h e  v a l u e s  i n  t h e  decom- 
p r e s s i o n  t a b l e .  

MSS Bands - 4 and 6 ,  Landsa t -1  

* P r i o r  t o  c a l i b r a t i o n  t h e s e  quantum l e v e l s  a r e  riot used .  
A f t e r  c a l i b r a t i o n  ( i n d i v i d u a l  d e t e c t o r  o f f s e t  and g a i n  
ad jus tmen t )  d i f f e r e n t  quantum l e v e l s  may be u s e d ,  w h i l e  
o t h e r s  a r e  unused. 

E -1 

Input Output - 
28 34 

3 5* 
2 9 36 

37* 
3 0 3 8 

39* 
3 1 4 0 

41* 
3 2 4 2 
33 43 

44* 
34 4 5 

46* 
35 4 7 

48* 
36 49 

50* 

Input Output 

0 0 
1 1 
2.3 2 
4 3 
5 4 
6 5 
7 6 
8 7 
9 8 

10 9 
11 10 
12 11 
13 12 
14 13 
15 14 

15* 
lii 16 - 

Input Output 

17 17 
18 18 
19 19 

20* 
20 2 1 
2 1 22 

23* 
2 2 24 
23 2 5 

26* 
24 27 

23" 
25 29 
26 3 0 

31* 
27 32 

33* 



APPENDIX E (continued) 

MSS Bands 4 and 6 ,  Landsat-1 

I Input Output I Input 
1 

I Input o u t  I 

*Prior to calibration these qusntum levels are not used, 
After calibration (individual detector offset and gain adjust- 
ment) different quantum levels may be used, while others are 
unused. 



APPENDIX E ( cont inued)  

MSS Band 5 ,  Landsat-1 - 

Input output I Input ~utput  Input Output I 

- *Prior  t o  c a l i b r a t i o n  t h e s e  quantum l e v e l s  a r e  not  u s e d ,  
Af t er  c a l i b r a t i o n  ( i n d i v i d u a l  d e t e c t o r  o f f s e t  and gai-n ad jus t -  
ment) d i f f e r e n t  quantum l e v e l s  may be  u s e d ,  w h i l e  o t h e r s  are  
unused. 



APPENDIX E (cont inued)  

MSS Band 5 ,  Landsat-1 

MSS Band 7 ,  Landsat -1 

Data from MSS Band 7 a r e  not  decompressed. 

w u t  output 
L 

52 91 
32* 
93* 

53 94 
95* 
96 * 

54 97 
98* 
99* 

55 100 
101* 
102* 

*Prior  t o  c a l i b r a t i o n  t h e s e  quantum l e v e l s  a r e  not  used .  
After  c a l i b r a t i o n  ( i n d i v i d u a l  d e t e c t o r  o f f s e t  and g a i n  
adjus,ment) d i f f e r e n t  quantum l e v e l s  may be u s e d ,  w h i l e  
o t h e r s  a r e  unused. 

E-4 

Input Output 

103 * 
56 104 

105* 
106* 

57 107 
108* 

58 109 
110 * 
1 ll* 

59 112 
113* 
114* 

Iaput Output 

60 115 
116- 

61 117 
115* 
119* 

62 120 
121* 

63 132 
123 * 
124 * 
125* 
126* 
127* 



APPENDIX E (ccntinued) 

MSS Bands 4 and 6. Landsat-2 

*Prior to calibration these quantum levels are not used. 
After calibration (individual detector offset and gain 
adjustment)differentquantum levels may be used, while 
others are unused. 



APPENDIX E ( c o n t i n u e d )  

MSS Band 5 ,  L ~ n d s a t - 2  - 

* P r i o r  to c a l i b r a t i o n  t h e s e  quantum l e v e l s  a r e  n o t  u s e d .  - A f t e r  c a l i b r a t i o n  ( i n d i v i d u a l  d e t e c t o r  o f f s e t  and g a i n  
adjus tment )  d i f f e r e n t  quantum levels  may b e  u s e d ,  w h i l e  
o t h e r s  a r e  unused.  

r 
Input . 
0 
1 
2 
3 
4 - 
3 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

16 
17 
18 
19 

20 
21 

22 
23 

24 

Output 

0 
1 
2 
3 
4 
* 
3 

6 
7 
8 
9 
10 
11 
12 
13 
14 
13 
16* 
17 
18 
19 
30 
21* 
22 
23 
24* 
25 
2 6 
2 7* 
28 
29* 

Inpr t 

25 

26 

2 7 
2s 

29 

30 

31 
3 2 

33 

34 

3 5 

3 6 

37 

38 

3 9 

1 

Output 

60 
6 l* 
62* 
63 
64* 
65* 
66 
67* 
68 * 
69 
70* 
71* 
72 
73* 
74 
75* 
7 6' 
7 i 
75- 
79* 
80 
bl* 

output 

30 
31* 
32 
33' 
34 
35 
3 6* 
3 7 
38* 
3 9 
40* 
41 
42 
43* 
44* 
45 
46* 
4 7 
48* 
49 
SO* 
51* 
5 2 

, 
inpu b 

40 

4 1 

42 

43 

44 

45 

4 6 

4 7 

53* 
34 
55* 
5 6 
57* 
58 
S9* 

4 8 I if 
4 9 

50 

84* 
35* 
86 
8 7* 
88* 
39 
30* . 



APPFNDIX E (continued) 

MSS Band 5, - Landsat-2 

MSS Band 7, - Landsat-2 
Data from MSS BanJ 7 are not decompressed. 

ORIGNAL PAGE IS 
OF POOF QUALITY; 

*Prior to calibration these quantum levels are not used. 
After calibration (individual detector offset and gain 
adjustment) different quantum levels may be used, while 
others are unused. 



APPENDIX E ( c o n t i n u e d )  

MSS Bands 4 and 6 ,  Landsat-3 

* P r i o r  to  c a l i b r a t i o n  t h e s e  quantum l e v e l s  a r e  n o t  u s e d .  
A f t e r  c a l i b r a t i o n  ( i n d i v i d u a l  d e t e c t o r  o f f s e t  and g a i n  
adjus tment )  d i f f e r e n t  quantum l e v e l s  may b e  u s e d ,  w h i l e  
o t h e r s  a r e  unused.  



APPENDIX E (ccntinued) 

NSS Uand 5. 1 .andsnt -3  

*Prior to calibration t h ~ s e  quantum l e v e l s  nrc not used. 
After cnlibrntion (individunl detector offsct nnd gain 
adjustment) different qunntum l e v e l s  mny bc used, w h i l e  
others nre unused. 



APPENDIX E (continued) 

MSS Band 7 ,  Landsat-3 

Data from MSS Band 7 are n o t  decompressed. 



TICK MARK Rb:FERENCF PY STEM 

The  13tilk hlSS f i lan  image  i s  used i n  e s t a h l i s h i n r :  t h c  t i c k '  
mark r c f e r t \ n c c  sysLern. T h e  s c e n e  o n  a 70-mm f i l rn  imngc is 
55 nini i n  t h e  S d i r e c t i o n  ~ n d  53 nm i t 1  tht. S d i r e c t i c ' r n .  T h e  
a r e a  reprt3st.n t ed by t hlt8 ,-;cent8 is 185 km hy 17s .  36 krn ; t h i s  
s c e n e  i s t  s (r, f 225ti s c a n  l i n e s  . 
The t i c :<  ninrk r r f c r t w c e  s y s t e m  h:is hct8n c h o s e n  so t h a t  t t i r  
n r i p i n  is a t  t h e  f o r m a t  c e n t e r .  Thtx c o r n t 1 r s  o f  t h e  t i c k  
mark r e f e r e n c e  s y s t r n  :ire d e s i g n n t e d  A (1/2. -I/?). R (-1/2, 
- 1  C ( 1  1 / 2 1  a n d  P ( 1  1 / 2 1  See Figurr .  F - 1 .  

A i h  - \ I  fDGE g I-,,. -h) 

C ('2 \ I  B~~~~~ ..:i D I-h.  hI 

F i r  - 1 .  A 1 ~ . k  l\lnrk Rcftxreiicts S y s t e m  

The  v a l u e  t h a t  1c.cntt:s t h e  t i c k  n1:11-ks a l o n g  t ht* tldgt's i s ,  
t h e r e f o r e ,  g i v e n  i n  ternis o f  a 1 6 - \ > i t  b i t i n r y  i n t e g e r  fr:ic- 
t i c11  ;lbith t.ht\ h i n a r y  p o i n t  t o  t h e  l e f t  of b i t  p o s i t i o n  (7. 

I t  s h o u l d  b c  r i ~ r e d  t h a t  t h e  s c e n e  o n  t h e  Bulk  3ISS CCT c o n -  
t a i n s  23-30 s c a n  l i n t x s ,  e q u a t i n g  t o  2256 s c a n  l i n c s  for th tx  
f i l m  ir lngc. p l r . 1 ~  4 2  s c a n  l i n e s  o f  clnt:~ preceding t h c  f i l m  
image  ;nd 4 2  s c a n  1 i n e s  fc? 1 Ii\:vinp t h e  f i l m  imnpe n s  shc'r\vn 
i n  FiguxSt> F-2. 

( F - - - - - - - - - - - - - - -  
42 SCAN LINES 

I L - - , , - , - - - , - 42 SCAN L INES 

F i g l i r e  F -  2 .  CCT and  F i  lm I n i n ~ c  Cornpa-' 1 soti  

1:- I 



APPENDIX G 

CONVERSION TABLES 

CONVERSION TABLE: BINARY/OCTAL/DECIMAL/HEXADECIMAL 

Binary Octal Decimal Hexadecimal 
7 -- 

G - 1  W-UG MCE B W  NOT 

ORIGINAL PAGE I8 
OF POOR Q U ~  



APPENDIX G (continued) 

Binary Octal - Decimal Hexadecimal 



APPENDIX G (continued) 

Octal - Decimal Hexadecimal 



APPENDIX G (continued) 

Binary Octal - Decimal - 

ORIGINAL PAGE 18 
OF POOR Q U ~  



APPENDIX G (continued) 

CONVERSION TABLE: HEXADECIMAL - DECIMAL FRACTION 

Ue.ctd.c~mol D.cvmal 

80DFIWOO 5 0 0 0 0 m  
.81 00 1 ~ )  w 50.'9062500 

. CIosod.cimal 

c o w 0 0 w  
i; 00 0000 

82 00 00 00 ,50781 25300 .c2 00 00 00 
.8J 51 171 87500 
.04 W W W  5 1 % 2 5 ~  I 8 5 0 0 0 0 w  51953125W 
.& 00 00 00 52343 75000 
.87 00 W 00 5273 37500 
.Y 00 00 00 ,53125 MXXX) 
.a9 00 00 00 ,53515 6800 
8A 00 0009 5 3 W  25000 
88 oc woo 51296BXKI 
8 C M ) W W  54b87XXXWt 
80 00 00 W 55078 12500 
8E 00 00 00 55468 75000 
8F 00 00 W 65859 37500 

90 000001) 5625000000 
:I 0 0 W W  ,566U62500 
72 00 W W 57031 25000 
93 W W 00 57421 075W 
9 4 0 0 W W  5 7 8 l 2 5 m  
9 5 0 0 r , w  59za12%0 
96 W W W  5(15937m 
97 000000 564Wl7XM 
.Pg 00 W W 59375 OMYK) 
W W W W 59765 62500 
V A C Q M W  60156amo 
98 00 W 00 60546 87500 

.PC w w w  $bw50000 

.9D W 00 00 61328 12500 
$ 1  W W W  6171875000 
9- 000000 .62109375W 

A0 00 W 00 62500 00000 
. A I W W r i O  639062500 
A2 W 00 00 63181 ZCW 
.A3 W OO 00 ,63671 87500 
A 4 0 0 W W  640625WQD 
A5000000 64453l25W 
A6 00 00 PO 64843 75000 
A7 00 00 M 65234 37500 
A8 00 C0 00 ,65425 00000 
A9 000000 .&OI5625&I 
AA 00 00 M M406 25000 
A8 W W  w M7ca om 
ACW00C5 6718750000 
AD 00 W 00 67578 12500 
AE W 00 00 67968 75000 
AF 00 W 00 6839 37500 

80 W 00 W .68750 00000 
01 0000 W .6914Ob2XK) 
82 00 00 W ,69531 25000 
13 00 30 W bW2l 87MO 
M W 0 0 W  7031250000 
Bi W W W 70703 12500 
86000000 7109375000 
07 W W W ,71464 37500 
88OOWW .?I87500000 
89 OC 00 W ,72265 62500 
8A (0 70 00 72654 a000 
88 W 69 00 . '30Y 87SoO 
K 00 00 00 13437 5 K W  
80 W W 1% .?I818 l15W 
6E W W C4 74218 75500 
.0F 00 00 00 7- 37500 

.C3 W 00 00 
c 4 w 0 0 0 0  
.c5000000 
.C6 00 W 00 
c 7  00 00 00 
.C8 W W 0 0  
.Cv W 00 00 
.C* 0000 90 
.C8 000000 
C C o o W ~  
.CD 00 00 00 
Cf 00 00 
CF 00 00 

DO WOO00 
Dl  0 0 0 0 ~  
D2 00 00 
03 W 00 00 
MWW@l 
~ ~ 5 0 0 0 0 0 0  
m 0 0 0 0 0 c  
D7 000000 
.DB 0000 00 
.DO 00 00 W 
. D A W W W  
.D8 00 00 00 
. D C W W ~  
.DD W W W 
DEW0000 
DF J W W  

.EO W C J  @' 

. E l W W h -  

.E2 00 0000 

.E3 00 30 00 
f401)OOM) 
ESJOWOO 

.E6 00 00 00 
€7 00 00 

.E8 0000 00 
EV W W W  
.EA 00 'W) W 
En w 00 w 
EC000000 
ED M) 00 W 
.I€ (4 00 W 
.EF 00 00 00 

f0 OO aO 00 
, F l  N 0 0 0 0  
F2 00 00 00 

.F3 ooww 
F 4 0 0 0 0 W  
$5 00 00 
F6QOOOW 

,F; 00 00 
F60000M) 
.F9 00 a) 00 
FA M ) w  00 

.FO M) 00 00 

.FC M) 00 00 

.FD 00 QO 00 

.FE JO 
FF 00 00 00 



APPENDIX (con t inued)  

.w W wclo 

.w $1 w 00 
w c :  0000 
.W03 0000 
0004 w w  
. W M  00 00 
.w06 woo 
.WO7 OCW 
SO( W'M 
COO9 0000 
.No* 0 0 w  
0008 woo 
WOC WOO 
woo 0000 
wc; WOO 
.ww Woo 

0010 0110 
. W I l  woo 
.uO I2  00 w 
GO13 W W  
.w I4 W w 
0012 0000 
0016 W W  
.w I7 w 00 
.W 18 W W 
.a I 9  w w  
.Go 1A w w  
0318 w o c  
WICMOO 
00 I 0  0000 
W ' I  0000 
W l F  0000 

w 2 0  0 0 w  
00?1 woo 
w 2 2  0000 
W23 0000 
1024 W W  
0025 0000 
OC26 0000 
3027 WOC 
3028 W W  
0029 WOb 
00 2A 00 00 
0025 COW 
O O X  0000 
002DW30 
0":E w o o  
& i f  0000 

W35 0000 
0031 0000 
0032 0000 
.@3 33 W 00 
0034 w w  
On35 0000 
0036 0000 
.30 37 00 w 
0038 w w  
0039 0000 
W3A 0000 
.W38 W W  
.w 3c 00 00 
w 3 o w w  
w 3 t  riOw 
W3F 0000 

Oacimal 

.Q#(FaxIQ) 

.&CI 52.587 
0000) 1175 
.00004 57763 
00006 ImI 
OOOO7 62939 

.oooov t u n  
ow l0  MI ;s 
.00012 X1703 
00012 73291 
OOOlJ 2 5 0 8  
.OOOl6 
.0001811W 
.owl9 o w 2  
50021 36710 
.00022 88818 

.KO324 41406 

.WOE 93W4 
QX)Z &582 
00028 99169 
.WOX151757 
. m J 2  
00033 54933 
.OW15 09521 
WOY 62109 
so03 I4697 
00039 67285 
00041 19873 
.00042 72460 
m u  2548 
OCOIS 77636 
00047 Y)2?4 

.m 82812 
300% 35100 
ow5 1 87988 
50053 40576 
COO54 93164 
M056 4575 1 
00057 90339 
OOOS? 50927 
00061 OU15 

,00062 $6103 
SOM1 DM91 
,000oS 6127'3 
36067 13807 
00068 M 4 U  
00070 IS42 
00071 71'30 

00073 24218 
,00074 76- 
00076 29394 
00077 819112 
00079 34570 
~ 0 8 0  aft58 
,00082 39746 
W083 92333 
m 5  unr 
Mom 97509 
m a 0  50097 
00090 o w  
,00091 55273 
00093 07& 1 
.ooO94 60449 
.000a6 1x137 

.mu, woa 

.w 41 00 01) 

.w 42 w 00 

. w u  *WOO 

. W U  woo 
0045 0000 
.w 46 woo 
.W 47 00 OC 
0044 0000 
0049 woo 
.30bAwQ! 
,0041 W W  
W U  WCO 
3040 WCv 
. W ~ E  w w  
w r f  w o o  

005000.  
W 5 I  0000 
W52 0000 
.w 53 00 00 
.00 54 w w 
G# i5  0000 
.W 56 W 00 
,0057 w 00 
.W 58 00 W 
0059 9000 
MSA w o c  
0058 0000 
00 SC 00 W 
OD 50 w 00 
0 0 5 E  W M  
WSF 0000 

.000W 18212 
WlW mcoo 
.WIO2 23300 
00103 75976 
WIC$ m64 

.WIW 11152 

.mlo mu, 
W I O P Y ~ ~  
Wl  1 1  St16 
00112 91503 
.W114 .*Uv 
30i 15 %679 
.w117 4~2.~7 
Wl  I9 01855 
00'20 5 4 4 4  

Memokc~mal 

W M  0000 
.W 81 W 00 
.W81 woo 
w a 3  w w  
0084 W(Y, 
.00 85 "0 W 
.ma6 Jam 
.we7 0000 
.lo 88 00 W 
CO 89 W W 
'flu 0000 
,0088 M w 
M8C JOW 
008D moo 
W8E 0000 
OO8F WOO 

.W 4) m 00 
0091 WOC 
WP? 0000 
,0095 W W  
,0094 0000 
,0095 w w  
0096 w o o  
,0097 0000 
W W  0000 
.w W w 00 
W9A 0000 
W W  w w  
OOK 3000 
0 0 0 0 0 0 w  
.w R 0000 
w9f w o o  

WAO0000 
.W AI W 00 
W.%2 0000 
WA3 0000 
0 0 A 4 W W  
.W b5 50 00 
XJAL 0000 
W A 7 W W  
.00 A8 00 00 
.w A9 00 w 
.OO ..A 00 W 
W A B W W  
W A C W W  
WAOWOC 
OOAE w w  
.WAF 0000 

.W 60 woo 

.Wb! w w  

.00 B2 00 w 
0313 WOO 
w e 4  w w  

.00 85 W W 
GQB6 0000 
00117 w w  
0088 W W  
.W 89 WOO 
.w UA 00 00 
0088 0000 
W K  WOO 
.W 80 W W  
.w BE 00 w 
W I F  W W  

- -  
Hesokcimal 

WCO 0000 
WCI  w w  
.In C I  w 00 
w c 3  woo 
.W C4 W 00 
.w CS C3 w 
.W Cb W i n  
.m c7 m m 
.WCI 0000 
.w C9 w w 
.WCA w w  
.w C I  IYJ w 
00CC0000 
W C D W W  
.m cr 00 w 
WCF 0000 

. w w  wno 

.m Dl 00 r 
w 5 2 w w  
.w 03 0300 
.w 04 00 XI 
w DL 00 

.DF D d W  

.w 30 00 
'A.180030 
.00 D') 0090 
WOA(10W 
.w D8 w m  
.w K WOL' 
.WDDWW 
WOE 0000 
.W DF WOO 

WE0 0000 
WE1 0000 
.w €2 OC 00 
WE3 0000 
WE4 JOOE 
WE5 w w  
WE6 M)w 
WE7 WOY 
WE8 WOO 
WE9 0000 
OOEA W W  
.w €8 00 00 
WEC 0000 
WED W W  
WEE 00W 
.W IF W 174 

.OJ PO W 00 
W f l  0000 
.w F2  w w 
W f 3  W M  
.w FA OC OQ 
WFS 0000 
OOF6 0000 
.w f7 30 00 
WF8 0000 

.oOFP 0000 
WFA W W  
N F B  0000 
WFC 0000 
W F D W W  
XIFE 0000 
W f F  WOP 



APPENDIX (continued) 

)(.aa&ciul DK;J 

oomcom O~ODIIWI 
wmc1 30 .oo0011= 
.oomc2m .oo0011u) 
.oomc~m .OaOD116??9 
.oomcrm .oomi~azs 
.moocsoo .om01 17u1 
.~omcrm .moor Ira17 
.ooooc7m wool 1w13 
.oomam o o 0 0 1 1 m  
.ooooC1m . O ~ O D ~ I ~  
.ooOOcAW 
.oomccw .oaw)llDm 
.mwccm woolz~sm 
.@ooCOjo OWOlnl09 
w w c t m  oooolnm 
. m m c ~ m  m~nr~ 
ooat~ooo oo001m 
OOOOOI n, moo1 24573 , WOO0200 oaw)125169 
WOO0300 .WOO125765 
mmmm ml-I 
.oomw m aooo~ l a w  
.~ooo600  m l n u 3  
oooowoo O O O O I ~ I ~ V  
m m w m  DOOOIW~ 
w m w m  m~mz 
o o m ~ m  . m ~ l p p r  
m w m m  . m ~ w r u r  
w m a o 6  O O O O I ~ I I ~  
WOODOW m 1 ~ 1 7 m  
WWDtm OOOOl3i322 
wmwoc moo13wta 
O O W E O W  ~ I U S I ~  
w m t ~  m oc- I w ~ r o  

(h.&*ml Rct-ol 

W W W ( U  OOOOOO*XY) 
mmoi w m a 1 5 9 6  
.mmo2t0 a m o o t ~ v ?  
rnmo~oo moaoo~xm 
m m w w  amoo~m 
oema m a w m m  
mmw m w o a r r  
mmw m . Q ) ( ~ M I T Z  
m m a m  o a m o n 7 ~  
m m w w  ~ O J W  
.00000*4) QDG)Q5%0 
w000)m ww 
mcooca a r m 0 7 1 5 2  
00000000 QIDOV?U 
mmm rn .QXIDOIYI 
ocww m oaxam 
m w ~ o m  a m o m  
cowl1 m m 1 0 1 3 2  
WW12JO aruOlOi2s 
.00OC13W ~ M O 1 1 3 2 4  
mm14m m11m 
.mm~s  m omr,latr 
mmtdm m m o 1 ~ 1 1 3  
m m l l ~  . ~ M X I O I ~ ~  
moo~am a m o ~ u o ~  
mwtvoo W W O I ~ I  
.WWIAW W W O ~ Y V ~  
mm1am ~OOOOI~OOJ 
m w ~ c m  m 1 e . w  
W W I D W  m 1 7 m  
W W I E r )  0Ot~%Jl7Wl 
O C W : ~ W  . m 1 u 1 7  

w m m m  IWOOIPOI~ 
mm21 w OOOWIYMV 

WaodK~wl D.r.lloi 

OUOOIOJO XWOJOIU 
300041 00 m 3 8 . - 4 3  
oom4)oo o m o ~ u v  
m w u m  ~ M J V V J J  
. m m u w  mmun31 
w m o  m oCWI41127 
m m v  w w 4 1 7 2 3  
m m u  w 000mr2~ iv  
m m u  m oaxa42vi5 
mmtvm OMOO~UII 
.OCWum m U l W  
mooum .mmoWQI 
m m u m  mmorsm 
WW4DW OOQDrYPS 
O O ~ Y  w J ~ O ~ W V I  

.moo* m m m o m  
m m m w  m m o 4 7 m  
w w s ~  oc m o o 4 2 7 9  
W W J 2 W  OOON48075 
00005300 OmOO4-71 
.oows4w m o o o m u  
.moos5 w owatso&, 
moosbm u a m s l n v  
ma05700 ~CWIJI- 

WW14W 0000(,?1457 
w m s  M m1m3 
W W M W  - 0 2 ~ 9  
OC00I7W Ck 323245 
m m n w  ooooc?ru~ 
WWIP m w : u 3 7  
m w 2~ w oorma ' ~ 1 3 3  
00 00 ?I W OOWO ?5b?9 
CO -A ?C 00 OOOOO 16226 
000020 00 00000 W22 
0300 IE w 17418 
0000 30 28014 

30030  90 (uOOO28610 
W C O ~ I W  mt9m 
0000 32 00 00000 24D2 
WOO U 00 00000 303a 

Hc.&.rsl k1moI 

wweo w mmo76m 
000081 JO mmo7aw 
mmc2m mnur 
a w n m  ormom2 
w w u w  ooooomn 
m m u  oo mmo7974 
.JOWU m .ooooomm 
m m c  w . m a r o w  
mmm m .omooo~w 
m w w m  . w 8 1 a  
.WWUm . - O m  
WWI8W 0004)- 

mmetm ooooow 
00008000 m M M 2  
mmM m axmuar 
.mme w .mmatlr  

.mw*,w ooooomm 
W W V I  00 aaa,mx 
WWPlJO awDoIY022 
o 0 W V l W  -87618 
wwpcm mmomt14 
m w s  oo .mmoaa~o 
oooo~sw mmorevlb 
. O O W V ? W  XIOOOWJOOJ 

.WmY 00 0000037550 WW7F 00 000M7ML7 WwBF 00 ObOO1 13gU WWFF 00 ml 5lWl - 

. m w u w  mmo5?az  
w ~ r ~ m  ax ro~rw 
woog\oc ODOOOSIW 
WOOJIW . m m o ~ m  
m w x w  mw.~ 
m w ~ ~ w  o c m s 5 a z  
WWJtW owatJb028 
m w s r w  mmom66:4 

m m w w  O ~ O O V ~ F J  
W W ~ I  w m s ? e i o  

W W E 4 m  m l X m  
W ~ E S  w O O M I ~ ~ W  
W W E ~ U O  o ~ 0 1 3 7 0 ~  
W W L 7 W  W13:oBd 
moot8 w oooo1aa1 
moor9 w m~ M 7 8  
JO w EA oo ~ O O I  3 ~ 7 4  
00 OC t8 00 WOO1 -70 
00 00 EC m OaMl 4&& 
o o w t ~ w  omor 4 1 x 3  
mcr: EE w oanl 4 1 u v  
00 W L F  00 m 1  42455 

WWFO 00 m 1 4 m 1  
W W F I W  - 1 4 ~ 7  
W W F 2  W Omr u;U 
0000 $3 -I -20 

00006400 oCWI5W I 0 0 0 0 4 4 0 0  OONW97751 

woocaw .mmomw 
m m w w  mmov11vs 
W W V A W  mmov17v1 
m w w w  oamnw 
 maw O L W D ~ J  
~ W V D W  mmom7v 
WWEW mPr175 
W W Q T W  mmoprnl 

W O O A O Q  o m m u  
w w  .I w oormanpa~ 

moo65 30 m w m  
WCO'&M 0 0 0 0 0 ~ 3 %  
W W b 7 W  m 6 1 3 9 3  
w w w  m oormasl~es 
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APPENDIX G (continued) 
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APPENDIX H 
SIAT DATA FILE RECORDS 

T a b l e  H-1 
SIAT Logical Tape Header 

I n t e r - R a c c r d  Cap 

A 

I 
Format 

EBCDIC f \!KS'SI ' TYJJJXS) 

EBCI)IC (SKI 
EBCDIC ()6DDVl!J116YY I 
BISART 
ESCEIC (!!KS'SI'PYJJU'XXSS) 

EBCDIC (TTADDDYN o r  blanks) 
EECDIC (TTADDDYS o r  b l a n k s )  

IWEGEF 

BIJIRY 

BISARY 

ISTEGGER 
IXTtCER 

ISTEGE R 
IhTEGER 

EBCDIC ADDDD -EH?.13!Sp 
EBCDIC IDDDD-fiHJ!XS)l 

XSI A 

PINARY 

2048 T o t a l  Bytes 

C o n t e n t  

SIATNumber 
L o g i c a l  Sequence Xo. 

Date of Tape P r e p a r a t i o n  

ZFRO 
SIAT Number and S e q ~ e n c e  Xo. 

RBV Tape Number 

MSS Tape Number 
Number of Data F i l e s  on  

L o g i c a l  SIAT 

ZERO 

ZERO 
Number o f  RBI'/ITC 

Number o f  YSS/lTC 

Xumber of RBV/TFC 

Mumber of USS/TFC 
1 s t - 6 4 t h R B V S c e n e I D ' s  

1 s t - 6 4 t h  USS Scene  10's 

Header  F l a g  

ZERO 

Byte  

1 

1 3  

15 

25 

35 

4 9  

S i 

6 5  

6 7  

6 9  

7 1 

! 73 

7 5 

7 7  

7 9  

847  
1615 

1617 

Lenath  

12 

2 

10 

10 

14 

8 

8 

2 

2 

2 

2 

2 
2 

2 

768 

768 

2 

432 



Table H-2 

Calibration Modifiers 

(M's and A's) 

Fornat  

Rinary 

Bina: -. 

Binary  (16.8) 

" 

Binary 116. S' 

Biriarx- I :*?. F 1 

Binn-y (16.3) 

Binsry ;!G.Sl 

9inar:-  ( 1C. P )  

Binary (16. F )  

.. 
S t a r t i n g  Byte KO. 

and Length (By tes )  

1 2 

3 2 

S 2 

7 2 

9 2 

11 2 

13 2 

15 2 

17 2 

19 2 

2 1 2 

2 3 2 

as ? 

2 7 2 

29  24 

5 3 24 

7 7 24 

10 1 96 

197 24 

221 24 

245 24 
* 

Informat ion  

S a t e l l i t e  ID 

Days s i n c e  launch 

Band 4 Ix,w Gain/ 
Compressed !!ode 

Sensor 1 - Y u l t i p l i c a t ~ v e  
Conutant 

Sensor 2 - 
Sensor 3 - 
Sensor 4 - 
Sensor 5 - 
Sensor 6 - 
Sensor i - A d d i t i r e  Constant  

Sensor 2 - 
Sensor 3 - 
Sensor 4 - 
Scnsor 5 - 
Sensor 6 - 
Band 4 Lor Gsin/LLnear %!ode 

Sane a s  b y t e s  5 - 2S 

Band 4 High Gain/  
Compressed Node 

Same a s  b y t e s  5 - 26 

Rand 4 Hieh Gain/  
L inea r  !:ode 

Same a s  b y t e s  5 - 28 

Sand 5 

Same as b y t e s  5 - 26 

Band 6 Low Gain/  
L inea r  Mode 

Same a s  o y t e s  5 - 28 

Rand 6 Low Gain/  
Compressed Mode 

S;me a s  o y t e s  5 - 25 

Band 7 Low Gain/  
L inea r  )!ode 

Smne a s  b y t e s  5 - 28 



Table H-3 

Processing Instruction Data 

Record 3 

Inter-Record Gap H-3 

* 
s t a r t i n g  Byre so. 

and Length ( B y t e s )  - 
1 2 
3 2 
5 2 
7 2 

9 2 
11 2 

13 12 

25 24 

4 9 1 

50 1 

5 1  1 

52 1 

5 3 1 

54 1 

55 

Icformat ion  

No. o f  Scenes Rcmainiae, RBV/W 
No. o f  Scenes Rcmaiaing, WSS/IFC 

Xo. of  Scenes  Remaininp. RBV/t'TC 

No. o f  Scenes Remaining. YSSfLTC 

Not Used 

Not ljsed 

Scene ID 

Not Used = 0 

Yiss ion  No. (1, 2 or  3 )  

Day Xumber From Launch 

Day Number From Launch 

Hours of Day 

Minutes o f  Aour 

Tens o f  Seconds 

Xot Csed 

3 

1 Format 

Binary 
S i n a r y  

Binary 

Binary 

Binary Zero 
Binary Zero  

EBCDIC ndddd- 
hhlmsb 

Binary 

Binary (mst 
s i g n i f i c a n t  
p a r t ;  l e a s t  
s i g n i f  icmt 
b i t  is 26) 

Binary i 6 -b i t  
l e a s t  s i g n i f .  
p a r t ;  6  b i t s  
a v a i l a b l e )  

Binarp  

Binary 

Binary 

S ina ry  Zero 

B in r ry  

Binary (most 
s i g n i f i c a n t  
p a r t ;  l e a s t  
a i g n i f  i s a n t  
b i t  is 26)  

Binary (6-bi t  
l e a s t  s iyn i f . .  
p a r t .  6  b i t s  
a v a i l a b l e )  

Binary 

Binary 

Binary 

Binar;. Zero 

Binary Zero 

Fame a s  Item 3s 
Binary Zero 

Binary Zero 

Binary 

Binary 
HEXADECIS!A!. 

Binary Zero 

193 1 Uiss ion  &To. lS6 I 

- I 

194 1 

195 1 

196 1 

197 1 

198 1 

199 1 

200 1 

20 1 6 

207 1 

208 1 

209 2 

211 2 

213 2 

215 8 

Day Sumber From Launch 

Day Number From Launch 

Hours of Day 

Minutes o f  Hour 

Tens o f  Seconds 

Not Used 

Not Used 

Output Frame IO 

Not Used 

Not Used 

P rocess ing  Code from SLAT 

Process ing  Code f o r  NSS 

P o i a r  S t e r e o  P r o j e c t i o n  

FLAG 

222 T o t a l  Bytes  



Table H - 4  

Spacecraft Performance Data 

Record 4 

Inter-Record Gap 

. 
start in^ i :y te  So. 

and Length ( S p t e s )  

1 8 

9 2 

11 3 

13 8 

21 2 

2 3 2 

25 8 

33 2 

35 3 

37 12 

49 12 

61 12 

73 12 

85 12 

97 2 

0 9 1 

100 1 

101 8 

109 4 

113 4 8 

160 T o t a l  Bvtes 

ORIGINAZ, PAGE 
OF POOR QUO 

I n f o m a t i o n  

RBV 1 Uode o f  Transmission 

RBV 1 Exposure Durat ion  

RRV 1 Aper ture  Cor rec t ion  

I n d i c a t o r  

RBV 2 Mode of Transmission 

RBV 2 Exposure Durat ion  

RBV 2 Aper ture  Correction 

I n d i c a t o r  

RBV 3 Mode of Transmission 

RBI' 3 Exposure Durat ion  

RBV 3 Aper ture  Cor rec t ion  

Ind ica t c  r 
:iSS 4 Yode o f  Transmission 

MSS 5 Uode o f  T r a n s m i s s i ~ n  

\iSS 6 Mode o f  Transmission 

MSS 7 "oc. 3 - Transmission 

YSS 8 Mod2 of Transm- s s i o n  

PSS Sensor G a i n  

MSS Sensor Encoding 

Not Used 

SPDT Tape ID 

kISS SL'N CAL DAY 

MSG SUN CAL's 

SENSORS 1-24 

Format 

EBCDIC EBVblbua 

FBCDIC l a  

EBCDIC at- 

EBCDIC RBVbb2ba 

EBCDIC Xa 

EBCDIC a b  

EBCDIC RBVbSb3a 

EBCDIC Sa 

EBCDIC sb 

EBCDIC llSSb.lb'~bbab 

EBCDIC !!SSbbSbbbbab 

EBCDIC !ISSbbbGbbbab 

EBCDIC YSSbbbb'ibbab 

EBCDIC USSbbbbb8bab 

Binary .  S i t s  1 8 2 
f o r  bands 4 b 5 
r e s p e c t i v e l y :  
l = h ~ g h ,  B i t s  3-16 
a r e  z e r o  

B ina ry ,  b i t s  1-3, 
f o r  bands 4-6 
r e s ~ e c t i v e l y ;  
I =cornpressed ; 
B ; t s  4-8 a r e  z e r o  

S i n a r y  Zero 

EBCDIC SPndddnn 

I 
EBCDIC OODDD 

Binary Sca led  2-l2 



Table H-5 

Annotation Block Data 
Record 5 

' S t a r t i n e  YO.  [ rn  f o r m a t  i o n  I Fc rmr t i m d  Lsaeth ( b y t e s )  ) I 
Day o f  R o n t h  Exp~sure 
l a n t h  oi E x p o s u r e  

Year of E x p o s u r e  

C o n s t a n t  

L a t a t u d e o f  F o m o t C a a t c l r  

* Value m y  be zero for some retrospective imagery acqtrired 
p r i o r  t o  February 22, 1377. 

EBCDIC nn 
" &a. 

" a n  

" bCh 

" a n a - n a  
1 :; i I ' I '  I lnt  

** 'E-xbxxx-xxxxx'  f o r  some t a y s  qeneratod Iwtween Feb. and Hay 1978. 

! I I L o n y l t u d e  Format  C e n t e r  " annc-nn : I I 
2 5  1 81 :nk 

I 2; t '* Doh..+nd ~ n g  or A s c e n d ~ n u  

I . :  - 
I m P : i t h / R o w  Number 

I .;4 t :ianlc 

h I 
'D' . b r  ' 4 I 

1 
S A X - Y X X  I 

" b  i 

I j5 

1 i c o n s t a n t  tor ~00in.1 
1 t o c a t z o o  

' Y '  

36 : ' B l a n k  
I . 5 

i 
I ;i 6 *Xomlmal Lati tude  " ann-nn  

1 C h a r a c t e r  " ' 1 .  

I '* " 
I *Nominal  Lon&ituda " annn-na 

I 
3 1 1 B l a n k  

I 
" 5 I 

:; I S e n s o r  C>de .- '3:' or ' R .  1 
7 D e s ~ g n a t M  Band " ' 4 ' .  ' 5 ' .  '6 '  o r  7 !  

1 T r a n s m ~ s s i o a  Uode +. ' 0 ,  ,> r  ' R *  ! 

ii 1 I 9 I S u n  E l e v a t i o n  (deg. ) " bSli;\%ELnn 
j i C  5 

I 
Sun Aztmuth ( d e g .  ) hAnnnb i 

I :&: 12 / 1rna.e ~ r o c e s s l n g  c o d e s  L'lL-CD-XbLab I 

ss I ;  ! ~ o i ~ s t a e t  " SASA~LANDSAT~ 

1 101 13 .. . E-sxsxx-SXXXX' i * s c e n e  I d e a t  1 f icat  i o n  
1 1 -! 1 Consc  zn t . . .  j I - b 

L i t ?  1 Blank  b 

i 
117 24 1 ~ ~ ~ ~ ~ v e d  f o r  RBV 

I 
I i 141 4 i NSS Pode I A c q u i s i t i o n  Si t e  " 'Dba-' 

,I 

144 T o t a l  8y:es 



Table ii-6 

RBV Camputational Data 
Record 6 

Inter-Record Gar) 

: The negative representation. of the binary fraction 
(15 bits plus signed bit) in the 32 bit binary d 
words is two's complement. A scale factor of 2' rta 
should be used with the 32 bit binary data words. 

Fomm t 

4-bit  DCI,UXlOOdddhhr(lscc 

I-blt BCD C K K ) d d U h ~ ~  

Dlarry f r r c t i o n  

EllCnlC8 M l d y y  

IrWllXt' bhhrrr:rrr 

Dtnuy 

Ellnary 

RLnnry 

Dln.~y 

Binery 

Rlnarp 

nlnary 

nlnsry 

Binary 

Rlnary 

r ~ t n r t l n ~  Ityte No. 
and lnngth ( m t e r )  

1 R 

n A 

I7 2 

19 10 

29 A 

37 4 

41 4 

45  4 

4 9  I 

53 4 

57 4 

61 4 

65 4 

69 4 

73 4 

Tntal Dytcs 1R - 

-- 
I n  farrut  ttm 

- -- -- 
Spacecraft t t m e n f  Exporrt~re 
Grrcawfctt Won 71- of 

Exp~s~ t rc  

Noma1 lxmt A 1  f 1 tilde Chaa~e 

wr ~ h t c  of ):xpnsun 

M T lme o f  Lxpcmure 

1 . a t l t u ~  ut  F n m t  Center 
(10' Rntlians) 

!ury(ttu e of  Pomnt Center 
( 10-9 ans) 

I a t l l u d r  nf Nndtr ( 1 0 ' ~  Rad.) 

l ~n ( l l t ude  o f  Nndlr ( 106  Rad.) 

Spaceera f t A 1  t J tudc (utem) 
C M  o f  Exposure (MI l l lsecondn 

o f  Dav) 

S/C F l  iaht Path Ileading ( 1 0 ' ~  
Radtan 

Fl teh (10-6 Rndtan) 

Roll ( Radlrn) 

Yaw ( I O - ~  Rndlan) 



Table H-7 

MSS Computational Data 

Record 7 

Sia r t i ng  Byte No. 
and Length (Bytes) I Information Format 

Spacecraft Time of Scene Center 

GMT of Scene Center 

Normalized Alt i tude Change a t  
Image Centor - 13.80300 

Some a s  102 a t  I.C. - 10.35225 

Sane a s  i02 a t  I.C. - 6.90150 

Same as  102 a t  I  .C.  - 3.45075 

Same a s  102 a t  I.C. Tiwe 

Same a s  102 a t  I.C. +3.45075 

Same as  102 a t  I.C. +6.90150 

Same a s  102 a t  I.C. +10.35225 

Same as  103 a t  I.C. +13.S0300 

Alt i tude (N.?.l. /32) a t  time 
of 102 

8 Values of A l t  . a t  t he  times 
of Items 103-110. respec t .  

Vehicle Roll a t  Inage Center 
Time (Rad. ) 

Vehicle P i tch  a t  1.C.  ad.) 
vehicle  Yaw a t  1 . i .  (Rad.) 

Roll a t  Time o: Item 102 (Rad.) 

8 Values of Pol l  a t  the  times 
of Items 103-110, respect .  

P i tch  a t  tune of Item 102 (Rad. 

8  Values of P i tch  a t  the  times 
nf Irems 103-110, respect .  

Y3w a t  Time of Item 102 (Rad.) 

8  Values of Yaw a t  t he  Times of 
Items 102-110, respect .  

Image Skew (Rad . ) 
Normalized Velocity Change 

Mean Pi tch (10" Rad. ) 

Mean Roll ( lo6 Rad. ) 

Nean Yaw ( Rad. ) 

Mean Pi tch Rate (10'~ Rad/Sec.) 

Mean Roll Rate RadfSec.) 

4-bit  BCD OOOOOdr~dhhnmst?~~ 

4-bit BCD OOOdddhhnunssmnmO 

Binary f rac t ion  

Binary 

Binary, 2  bytos per value 

Binary f rac t ion  

Binary f r ac t i cn  

Binary f r ac t i on  

Binary f rac t ion  

Binary f r ac t i on .  2  bytes 
per va l~ i e  

Binary f rac t ion  

Binary f r ac t i on ,  2  bytes 
per value 

Binary f rac t ion  

Binary f r a c t i o n ,  2 bytes 
per value 

Binary f  racL ion 

a in t ry  f rac t ion  

Binary 

Binary 

Binary 

Binary 

Binary 

ORIGINAL PAGE I8 
OF POOR ~UALrr l l  



Table H-7 (continued) 
US5 Computational Data 

Record 7 

Inter-Record Gap 

NOTE: The negat ive  representat ion,  o f  t h e  binary f r a c t i o n  (15 b i t s  
p l u s  s igned b i t )  i n  the  32 b i t  binary data  wo-*ds is t w o ' s  
complement, A s c a l e  f a c t o r  of 2-17 should be  used with  t h e  
32 b i t  bi-ary data words, 

Format 

Binary 

Binary 

Bin?ry 

Binary 

Binary 

Binary 

Binary 

Binary 

Binary 

Binrry 

Binary 

Binary 

Binary 

Binary 

Binary 

Binary 

Starting Byte No. 
and Length (Bytes) 

137 4 

14 1 4 

145 4 

149 4 

153 4 

157 4 

16 1 4 

165 4 

169 4 

173 4 

i n  4 

181 4 

185 4 

189 4 

193 44 

237 44 

281 44 

324 Total 

In forcut ion 

Eean Yaw Rate (10'~ Rad/Sec. 

Mean Altitude (meters) 

Mean Altitude Rate (Yeters/Sec.) 

GMT Yiliiseconds of Day at 
ICT - 2s SEC. 

GMT #illiseconds of Day at 
ICT - 25 SEC. 

G Y I  Nilliseconds of Cay at 
Iff - 15 SEC. 

GWT Milliseconds of Day at 
ICT - 10 SEC. 

GUT Milliseconds of Day at 
ICT - 5 SEC. 

GMT Milliseconds of Day at 
ICT 

W Milliseconds of Day at 
fCT +5 SEC. 

Gb!T Nilliseconds of Day at 
ICT + 10 SEC. 

G31T Mi1;iseconds of Day at 
Iff +I5 SEC. 

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 Nadit Longitude 
at Times of Items 160-173 
( 10'6 Rad. ) 

Eleven Values of Altitude at 
Times of Items 160-170 (Meters) 

Bytes 



Table H-8 

Image Location Data 

Record 8 

END OF FILE 

J 

Format 

Binary Fraction 
and EBCDIC 

11 

1 1  

I t  

1 1  

1 1  

S t a r t i n g  Byte No. 
and Length (Bytes) - 

1 10 

11 50 

61 60 

121 60 

181 60 

241 240 

Informat ion 

RBV, Top Edge, Tick Mark 
No. 1, Posi t ion and 
Amot a t  ion 

5 More Tick Marks a s  Above 
f o r  the  Same Edge 

Same a s  Items 204 and 205 
f o r  t he  Left Edge 

Same a s  Above f o r  t h e  
Right Edge 

Same as  Above f o r  t h e  
Bottom Edge 

Same a s  Items 204 - 208 
f o r  t he  MSS 

480 Tota l  Bytes 



APPENDIX I 

DETECTOR-TO-DETECTOR RADIOMETRIC ACCURACY 

T e s t s  have been made u s i n g  a computer program (EVAL) t o  eva lu -  
a te  t h e  v i d e o  d a t a  on t h e  Bulk MSS CCT. The r a d i a n c e  l e v e l s  
have been s o r t e d  i n t o  t h r e e  r a n g e s  ( r e f e r r e d  t o  a s  r e g i o n s  and 
co r r e spond ing  t o  t h e  i n t e r v a l s  0 t o  2 0 ,  21  t o  6 0  and 6 1  t o  127) .  
A s  p a r t  of  t h e  e v a l u a t i o n ,  a c o n f i d e n c e  check is used  which 
r e q u i r e s  a t  l e a s t  50 d a t a  p o i n t s  w i t h i n  a r e g i o n  f o r  e a c h  d e t e c -  
tor  i n  a m i r r o r  sweep. I f  a d e t e c t o r  h a s  fewer  t h a n  50 d a t a  
p o i n t s  f o r  a r e g i o n ,  t h e n  none o f  t h e  d a t a  i n  t h a t  r e g i o n  a r e  
u sed  i n  e v a l u a t i n g  t h e  d a t a  f o r  t h a t  p a r t i c u l a r  m i r r o r  sweep. 
The computer o u t p u t  i n c l u d e s  an  area which lists t h e  number of  
samples  f o r  each  d e t e c t o r ,  These samples  r e f e r  t o  t h e  number 
o f  m i r r o r  sweeps f o r  which t h e  d a t a  s a t i s f y  t h e  c o n f i d e n c e  check.  
The r e s u l t s  of  EVAL have been u s e f u l  i n  d e t e c t i n g  s t r i p i n g  
problems and i n  comparing d e t e c t o r - t o - d 2 t e c t o r  r a d i o m e t r i c  accu racy .  

Two CCTs have been chosen t o  demons t r a t e  t h e  u s e f u l n e s s  o f  t h e  
program's  o u t p u t .  One CCT h a s  v i d e o  d a t a  which h a s  n o t  been 
r a d i o m e t r i c a l l y  corrected u s i n g  t h e  new r e g r e s s i o n  c o e f f i c i e n t s  
(CIS and D ' s )  f o r  Landsat-1.  The v i d e o  d a t a  on t h e  o t h e r  CCT 
have been r a d i o m e t r i c a l l y  c o r r e c t e d  u s i n g  t h e  new C 1 s  and D ' s .  
These t a p e s  a r e  r e f e r r e d  t o  a s  "be fo re"  and " a f t e r "  CCTs 
r e s p e c t i v e l y .  

F i g u r e  1-1 shows ,  i n  summary form,  t h e  ave rage  r a d i a n c e  l e v e l  
f o r  each  d e t e c t o r .  The a v e r a g i n g  is c a l c u l a t e d  f o r  e a c h  m i r r o r  
sweep, which c o n s i s t s  o f  s i x  s c a n  l i n e s .  A s  can b e  s e e n  i n  
F i g u r e  1-2,  t h e  d i f f e r e n c e  i n  r a d i a n c e  l e v e l s  among t h e  d e t e c -  
to rs  f o r  a g iven  r e g i o n  is n o t  more t h a n  two quantum l e v e l s .  
By r e f e r r i n g  t o  F i g u r e  1-1 and 1-2,  t h e  d e t e c t o r - t o - d e t e c t o r  
r a d i o m e t r i c  accuracy  of  t h e  "before"  and " a f t e r "  CCTs can be 
compared. It w j l l  b e  n o t i c e d  t h a t  t h e  r a n g e s  o f  v a l u e s  on 
"be fo re , '  and " a f t e r "  CCTs a r e  q u i t e  c i i f f e r e n t .  T h i s  is be- 
c a u s e  s l i g h t l y  d i f f e r e n t  a r e a s  a r e  r e p r e s e n t e d  on e a c h  CCT; 
however, a comparison o f  t h e  d i f f e r e n c e s  between d e t e c t o r s  is 
meaningfu l .  For  example,  n o t e  t h a t  d e t e c t o r s  2 and 4 of  band 
3, r e g i o n  3 were q u i t ?  h igh  and low r e s p e c t i v e l y  on t h e  "before"  
CCT. The co r r e spond ing  d e t e c t o r s  on t h e  " a f t e r v  CCT show con- 
s i d e r a b l e  improvement. 
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