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INTRODUG TION 

The Final R e p r t  for the Multispectral Scanner System program 
i s  provided in two portions. The f i rs t  portion i s  writ ten a t  the conclusion 
of the 4-band program, and the second portion will be written subsequent to 
completion cf the 5-band program. 

The 4-band finai report  i s  in threz volumes. The f i r s t  volsme ' 
describes the system and compares i ts  performance with the original 
objectives. The second volume descr ibes  some field experiments performed 
a t  the end of the program using the Engineering Model scanner and multi- 
plexer. Volume 111 will be a n  analysis of in-orbit performance and will 
be written later.  

This document i s  Volume I. I t  contains an  overall  functional 
description of the system with a summary of  the initial design guidelines 
and the final design parameters  (Chapter 1 ); a description of  the design oi 
the major components of the scanner and multiplexer (Chapter 2 ) ;  a n  explana- 
ticbn of the processing of the calibration system output (Chapter 3) ;  a summary  
of calibration data (Chapter 4); and a performance summary (Chapter 5 i .  
Detailed descriptions can be found in Operarion and Maintenance Manuals 
and the Qualification and Acceptance t e s t  reports  shown in the l i s t  of 
applicable documents. 
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1. MULTISPECTRAL SCANNER SYSTEM 

1.1 SYSTEM OBJECTIVES 

The 4-band Mul t i spect ra l  Scanner  Sys tem (MSS) is designed t o  
provide the  capabil i ty for col lect ing e a r t h  i m a g e r y  f r o m  t h e  E a r t h  R e s o c r c e s  
Technology Satel l i te  (ERTS). The s c a n n e r  port ion of the  s y s t e m  employe a l l  
reflective opt ics  to  accommodate  the four s p e c t r a l  bands which occupy a 
broad s p e c t r a l  r ange  f rom vis ib le  to  n e a r  inf rared .  Using a single opt ica l  
sys tem for a l l  s p e c t r a l  bands a s s u r e s  the  excel lent  r eg i s t r a t ion  needed 
for  s ignature  analys is  of ag r i cu l tu ra l  scenes .  Sys temat ic  coverage  of the  
ear th  with near ly  uni form lighting is obtained by the  ERTS near -po la r  s u n  
synchronous orbi t .  The sun synchronous o r b i t  a s s u r e s  tha t  lighting angles  
a r e  little changed for contiguous a r e a s  imaged and for  subsequent  images  
of the s a m e  a r e a s .  The 496 n. mi. al t i tude p e r m i t s  the  s c a n n e r  t o  image '  
with usable resolut ion in  225 fee t  wide a r e a s .  Subsequent da ta  sampl ing 
and processing have been ca re fu l ly  designed to  p r e s e r v e  the  regis t ra t ion  
inherent in the point scan  technique. 

Table 1 -  1 shows the initial des ign goals  which w e r e  used a s  guide- 
lines for the MSS s y s t e m  design. Measurements  made on the prototype 
subsystem (S/N I )  and the backup subsys tem (S/N 2 )  ver i fy  that  a l l  ini t ial  
design goals  have been met  o r  exceeded.  A complete  pe r fo rmance  s u m m a r y ,  
including all p a r a m e t e r  m e a s u r e m e n t s  made  during environmental  Quali i ica-  
tion and Acceptance Test ing,  i s  included in Section 5. 

1.2 SYSTEM DElSCRIPTION 

The Milltispectral Scanner Sys tem consis ta  of a scanner  and multi- 
plexer mounted on E RTS a s  shown in F igure  1 - 1 ,  and a configuration of 
ground equipment t o  p r o c e s s  the  video data  channels  to  a condition sui table 
lor photographic reproduction and computer  process ing o f  s ignatures .  
Scveral specializecl units of  t e s t  equipment a r e  a l s o  provided to p e r m i t  
testing to  the reqil i red precision.  These  units a r e  t r anspor tab le  s o  that 
they can acconlpany the scanner /mul t ip lexe r  subsys tem through the  
test  cycle.  

E a r t h  imagery  data collected by the scanner  a r e  multiplexed into 
a single 15 Mbps da ta  s t r e a m  on  board  the  spacec ra f t  and t r ansmi t t ed  to 



Figure 1-1. MSS Shown on ERTS 



TABLE 1 - 1 e IMAGING DESIGN GOALS 

Quality of imaging 

Spect ra l  bands 

Band 1 

Band 2 

Band 3 

Band 4 

Interval  between repea ted  
mapping of a r e a s  

Registrat ion 

Viewing angles  

Minimum lighting condition 

Orbit  

Velocity 

Weight 

Radiance levels  f r o m  observablee  
r ep resen ted  by agricuLtura1 c r o p s  
in a r e a s  as  s m a l l  a s  225 feet  
a c r o s s  should be  m e a s u r e d  with 
good re la t ive  fidelity among the  
ref lec t ive  bands. 

0 .5  to 0 . 6  m i c r o n s  

0 .6  to 0.7 m i c r o n s  

0 .7  to 0 . 8  m i c r o n s  

0 .8  to 1. 1 m i c r o n s  

Approximately 3 weeks  
(swaths  of 100 n. m i .  ) 

Approximately 40 feet  

No g r e a t e r  than 10 d e g r e e s  f r o m  
norma  1 

Sun zenith angle r 55 d e g r e e s  

9:30 a . m . ,  sun-synchronous a t  
496 n. m i .  al t i tude (99 d e g r e e s  . 
r e t r o g r a d e )  

Approximately 120 pounds 

receiving s i t e s  via a 20 MHz bandwidth downlink. The received data a r e  
recovered and dernultiplexed into the or ig inal  channels and format ted  for 
binary recording on mul t i t r ack  tapes.  The t apes  a r e  then forwarded to  t h e  
NASA Data P r o c e s s i n g  Faci l i ty  (NDPF)  where  output da ta  in the f o r m  o i  both 
images and d ig i ta l  data a r e  procured.  Th i s  p rocess  is shown schernatical ly 
in Figure 1-2. 

Binary data  r ecorded  on the magnet ic  tapes  includes t iming and 
radiometric  ca l ibra t ion  informat ion  that  can be converted by computer  pro-  
grams into s p e c t r a l  s ignatures .  While s ignature  analys is  is not provided by 
the MSS sys tem,  the  s igna tu re  analys is  function has  g rea t ly  influenced MSS 
requirements.  





A l a te r  mission is planned that incorporates a fifth (IR) band. 
i This can be added to the existing tour-band design because the optical com- 

ponents a r e  common to a l l  five bands except for the final detector stage of 
: the fifth band. 

1.3 GENERAL DESCRIPTION 

The flight subsystem, shown schematically in Figure  1-3, consists  
of a scanner and multiplexer. The spacecraft  provides the scanner and 

: multiplexer with command signals,  regulated thermal  surfaces ,  regulated 
power, power tor telemetry,  and time code signals. The MSS equipment 
sends a binary data s t r eam suitable for transrniesion o r  storage to appropri-  
ate spacecraft  aubeystems. Per t inent  parameters  for spacecraft  interface 

i a r e s u m m a r i z e d i n T a b l e  1-2. 

I The following subsections t r ea t  the units of the MSS system in a Ken- 
e ra l  manner. The flight subsystem is then repeated in Section 2 in  more 
detail. 

i 
1 1 .3 .1  Scanner 
1 

f 
i The scanner  i s  designed to scan  a 100 n. mi.  swath on the ear th ,  
I imaging s ix  lines a c r o s s  in each of four spectra l  bands simultaneously. An 
, oscillating m i r r o r  provides the cross t rack scan,  and the orbital  progress  of 

the  spacecraft provides the scan  along the t rack,  a s  shown in Figure 1-4. 
The flat m i r r o r  i s  a t  45 degrees  with respect  to the scene and thz double- 
reflectbr, telescope type optics. The scan motion of the m i r r o r  subtends a 
field o i  view of 1 1.5 degrees .  This i s  achieved by *2.9 degrees  of motion 

TABLE 1-2. INTERFACL PARAMETERS 

Multiplexer weight I 6 pounds I 
I 

Item 

Scanner weight 

I Scanner s ize  I Approximately 14 by 15 by 35 iaches I 

105 pounds 

1 Multiplexer s ize  1 4 by 6 by 6 . 5  inches 

I Regulated power, -24 .5  volt. I 20 watts (system A )  

Unregulated power, -39 volts 

Command capa bi Lity 

Telemetry channels 

22 watts 

72 (55 aasigned) 

9 7 



about a nominal 45 degree  position. The scanner  config~arat ion i s  i l lustrated 
schemat ica l ly  i n  F i g u r e  1-5,  and a n  i s o m e t r i c  cutaway view of the  s c a n n e r  
is shown in F i g u r e  1-6. 

The s ix  l ines in each  of the four s p e c t r a l  bands a r e  im., zf:d b . ~  . 4 by 
6 f iber  opt ics  a r r a y  located a t  the focused a r e a  of the  teleacopcs. The : . , 4  iare 
end of each  g lass  optical f iber  f o r m s  the field s tops  which d e t e r m i n e  the 
instantaneous field of view ( IFOV)  of the sys tem.  E a c h  IFOV of 0.086 m r  
subtends a s q u a r e  of 259 fee t  on  the e a r t h  f rom the ERTS orbi t .  The! te le-  
scope  configuration (Ritchey C h r i t i s n )  provides a re la t ive ly  wide a r e a  of 
focus which reduces  the s y s t e m  sensi t ivi ty t o  t h e r m a l  znd mechanical  
misal ignments.  

An image of the  e a r t h  in the  100 n.mi.  swath is swept  a c r o s s  the  
f iber  a r r a y  each m i r r o r  scan.  Light impinging on each g l a s s  f iber  i s  con- 
ducted to a n  individual de tec tor  via a n  optical  f i l t e r ,  each chosen for  the  
four spec t ra l  bands. The  band 1, 2 ,  and 3 de tec to r s  a r e  photomult ipl ier  
tubes ,  while band 4 u s e s  s i l icon photodiode detec tors .  The amplif ied 
detec tor  outputs (ba d s  1 and 2 have a cornmandable t i m e s  3 high gain mode) 
c o m p r i s e  the video signal  output for  e a c h  of the  s c a n n e r ' s  24.channels.  By 
opera t ing  the m i r r o r  a t  a r a t e  of 13.62 Hz,  the  o rb i t a l  velocity i s  prec ise ly  
such that the subspacecraf t  ground t r a c k  h a s  advanced six IFOVs,  and the 
next line imaged by the first de tec tor  in each band is  contiguous to the  sixth 
l ine of the  previous scan. F i g u r e  1-7 i l lus t r a t e s  the field s top  pat tern  pro-  
jected on the e a r t h ' s  su r face .  The channels  (A through FI in each of the  
four bands (1 through 4) a r e  a l s o  identified on this figure. 

The 24 video outputs a r e  sampled (a t  a 100,000 sample  / s e c  r a t e )  by 
the mult iplexer during the  forward  t r a c e  (west  to e a s t )  sweep  of the  m i r r o r  
in the southbound p a r t  of orbi t .  The sampl ing i s  initiated a t  the s t a r t  o i  each 
s c a n  by the  m i r r o r  scan  monitor  located a t  the edge of the a p e r t u r e  in  the 
scanner .  This device projec ts  a light b e a m  onto the s c a n  m i r r o r  and has  
de tec to r s  that  c a u s e  a pulse to be  emit ted  a t  anglr. c r o s s i n g s  that  correspond 
to  the w e s t  edge,  c e n t e r ,  and e a s t  edge of the  101, n. mi .  swath. 

During the r e t r a c e  in terval ,  w h e n  the s c a n  m i r r o r  makes  the  t r ans i t  
f rom e a s t  to wes t ,  a shu t t e r  wheel c loses  off the op*;cal f iber  view to the 
e a r t h ,  and an  in ternal  light s o u r c e  i s  projected o n  the  f ibers  via a p r i sm.  
A continuously var iable  neu t ra l  densi ty f i l t e r  (NDF)  i s  swept  a c r o s s  the  light 
path s o  that  e a c h  video channel  contains a near ly  r ight  t r i angu la r  pulse of 
about 10 ms durat ion,  which begins with a n  a b r u p t  t rans i t ion  f rom black to 
white and descends  a t  a lower r a t e  monotonically to bladt . This in ternal  
ca l ibra t ion  signal provides  a check on the  r e l a t ive  r ad iomet r i c  levels  and a 
means  f a r  equalizing gain changes that  may have  o c c u r r e d  in the s i x  chan- 
nels  of one  s p e c t r a l  band. Exper ience  has shown that  the  eye  d i s c e r n s  very 
slight var ia t ions  among adjacent  l ines.  Cor rec t ions  a r e  pe r fo rmed  in the 
ground process ing eqiliprnent to equalize these  levels  to within 2 percent  so  
that  l ine-to-l ine densi ty va r i a t ions ,  ca l led  s t r ip ing,  will  b e  reduced to  a n  
acceptable  minimum. 
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Figure 1-3. MSS Flight Subryrtem and Spacecraft Interface 
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The continuously va r i ab le  f i l te r  i s  s o  located on the  shut ter  wheel to  
provide cal ibrat ion s ignals  during a l t e r n a t e  r e t r a c e  in tervals .  During the 
intervening per iods ,  a d a r k  a r e a  of the shu t t e r  wheel  produces a Slack s ig-  
nal level. 

Once in e a c h  o r b i t ,  a smal l ,  four-faceted m i r r o r  located below the 
scan m i r r o r  def lec ts  a sample  of d i r e c t  sunlight a c r o s s  the optical  f ibe r s .  
The output a p p e a r s  a s  a 1 t o  2 m s  pulse on each s c a n  l ine for  about 9 seconds 
of data. This  provides  the  p r i m a r y  in-orbi t  ca l ibra t ion  s o u r c e  by which the 
output level  of the  ca l ibra t ion  l a m p s  may  be monitored.  

Each video channel f r o m  the  scanner  is sampled and commutated once 
every 10 mic roseconds  and mult iplexed into a pulse ampli tude m o d u l a t ~ o n  
(PAM) s t r e a m .  The commutated s a m p l e s  of video a r e  then t r a n s f e r r e d  to 
the analog-to-digitai conver te r  e i the r  for d i r e c t  ( l i n e a r )  encoding o r  through 
a s ig.~al  compress ion  ampl i f ie r  pr ior  to convers ion  to d ig i ta l  fo rm.  The 
compression ampl i f ie r  c o m p r e s s e s  the higher light levels  and expands the 
lower levels  to  m o r e  nea r ly  m a t c h  the  quantization noise to  the  photomulti- 
plier de tec tor  noise. Photomal t ip l iers  have noise levels  which Limit systerr. 
signal-to-noise pe r fo rmance  a t  high light levels ,  but for  low light levels ,  
quantization noise becomes the limiting fac tor .  Thus,  the compress ion  
amplifier provides be t t e r  s ignal -  to-noise  pe r fo rmance  a t  low light levels .  

Noise for  the channels  of band 4 is es tabl i shed by the equivalent load 
res is tor  noise and i s  best  matched by the l inear  quantization. F o r  these  
six channels,  the s ignal  compress ion  path is bypassed.  The different  niodes 
available by band arb shown in  Table 1-3 .  

The s c a n  moni tor  pulse mark ing  s t a r t  of forward  s c a n  o c c u r s  d ~ r i n g  
a t ime when the rnultiplexer i s  t ransmit t ing  a 6 bit word pat tern  which i s  
termed the data  preamble .  The a r r i v a l  of th is  scan  moni tor  pulse i s  m a r k e d  
by the invers ion  of the  next word f r o m  the pat tern  of a p reamble  code. A 
minor f r a m e  sync  code then fol lows,  and the  mul t ip lexer  commutator  i s  r e s e t  
so that channel A of band 1 is a lways  sampled f i r s t  and the o ther  channels 
follow in a s tandard  commutat ion pat tern .  This  s tandard  commutat ion pat- 
tern i s  actual ly preempted during the f i r s t  sampl ing cycle s o  that spacec ra f t  
time signals  m a y  be inse r t ed  in Lieu of image  data .  Reset t ing the sam?ling 
f rame with the s c a n  monitor  m a k e s  the  s t a r t  of sampling completely ar,gLe 
dependent and,  therefore .  immune t o  s m a l l  t iming var ia t ions  that could a r i s e  
from the  s c a n  mechan i sm.  

TABLE 1-3. MSS MODES B Y  BAND 

? 

Scanner Gain, Modes 

High gain 

Low gain 

4 

Multiplexer Modes 

L inea r ,  Bands 

1, 2 

1 ,  2 ,  3, 4 

Compress ion,  Bands ! 
b ! 

1 ,  2, 3 
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T h e  13 .62  Hz m i r r o r  d r i v e  s igna l  i s  d e r i v e d  by the  m u l t i p l e x e r  f r o m  
i ts  m a s t e r  o sc i l l a to r  of app rox ima te ly  30 MHz. Word and  bit r a t e  a r e  
der ived f r o m  i n t e r n a l  d iv i s ion  of the 13.62 Hz s c a n  cyc le  and  a r e  m a i n -  
tained uni formly  f r o m  s c a n  t o  s can .  Bit  and  w o r d  synchroniza t ion  a r e  
maintained cont inuously by the demul t ip l exe r .  Only the l ine s t a r t  and  m i n o r  
f r ame  synchroniza t ion  need be a c q u i r e d  in  e a c h  s c a n  and th i s  i s  fac i l i t a ted  
by having the word  synchroniza t ion  informat ion .  The  channels  a r e  m u l t i -  
plexed into a  15 Mbps s t r e a m  which i s  s e n t  a long with a  bit c lock to  the  
spacecraf t  r e c o r d e r s  and  t r a n s m i t t e r s .  An  i l l u s t r a t i on  of the  mul t ip l exe r  
digital f o r m a t  i s  shown i n  F i g u r e  1-8.  

i .  3.2 Receiving Site Equipment  

A p ic to r i a l  d i a g r a m  of the  r ece iv ing  s i t e  equipment  i s  shown in F ig-  
ure  1-9. T h e  ground r e c e i v e r  a c c e p t s  s igna l s  f r o m  the s p a c e c r a f t  t r a n s m i t -  
ter  and supp l i e s  demodula ted  baseband and  t iming  da t a  to the o the r  s u b s y s -  

3 ,  terns a t  the rece iv ing  s i t e .  
I I 

. !  * b The demul t ip l exe r  r e c e i v e s  the demodula ted  bit  s t r e a m  along with a 
I bit clock. At  the beginning of a n  o r b i t a l  p a s s ,  the  demul t ip l exe r s  p r o g r e s s  
f through a n  acquis i t ion  sequence  to obtain word  synchroniza t ion  and then t o  a 

i .  

I ' 
routine i n  which the m i n o r  f r a m e  code  i s  a c q u i r e d  f o r  e v e r y  s c a n  l ine.  The 

j 21 channels a r e  decommuta t ed  and  p r e s e n t e d  i n  b ina ry  f o r m  for  tape  r e c o r d -  
; ing on a n  in- l ine ,  28 t r a c k  tape r e c o r d e r / r e a d e r .  E a c h  of the 24 Lines 

1 scanned in the four  s p e c t r a l  bands of Mis s ion  A i s  a s s igned  a  s e p a r a t e  
I track. 

a .4 s t a t u s  m o n i t o r  g ives  a n  osc i l l o scope  ana log  r e p r e s e n t a t i o n  of the  
videu sweeps  co r r e spond ing  to the o r ig ina l  ana log  s c a n n e r  outputs  in the  
spacecraf t  and  p e r m i t s  the  o p e r a t o r  t o  ve r i fy  tha t  e a c h  channel  is function- I ing f rom the s c a n n e r  through the  d e m u l t i p l e x e r .  

! 

I 1.3.3 T e s t  Equipment  
I 

f I 1.3 .3 .  1  Ground P r o c e s s i n g  T e s t  Equipment  
t i  

A p ic to r i a l  d i a g r a m  of the  ground p roces s ing  t e s t  equipment  used to 
ev '&ate  the  MSS s y s t e m  is shown in F i g u r e  1 - 10. The  ground p roces s ing  

$7 equipment  input i s  r e e l s  of tape de l ive red  f r o m  the t e s t  s i t e  ( s p a c e c r a f t  
integrator o r  Hughes) .  T h e  t a p e s  a r e  r e a d  on a  t ape  r e c o r d e r  tha t  i s  ident i -  
cal wl:h the one  a t  the  t e s t  s i te .  T h e  outputs  a r e  connected d i r e c t l y  to , the 
digital p r o c e s s o r  f o r  f i lm reproduct ion .  E a c h  channel  i s  c locked out of the 
tape r e c o r d e r  with l ine s t a r t  and  f in i sh  in fo rma t ion  suff ic ient  to  p e r m i t  i nde -  
pendent r s cons t ruc t ion .  Th i s  m a k e s  i t  poss ib le  to  s e l e c t  only the  s ix  t r a c k s  
pertai-dng to  qne s p e c t r a l  b a d  and to  o p e r a t e  on t h e s e  independent ly.  How- 
ever ,  s p a c e c r a f t  t i m e  cdde  r econs t ruc t ion  r e q u i r e s  a c c e s s  t o  a l l  channels  

T h e  p roces s ing  c i r c u i t s  a r e  des igned  t o  s e r i a l i z e  da t a  for  s i x  l ines  
imaged in  e a c h  bana du r ing  a s c a n  and  p r e s e n t  four  compos i t e  s p e c t r a l  bands 
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to the pho to reco rde r .  The  p roces s ing  c i r cu i t  a l s o  r e s t o r e s  the t i m e  base  
which could become  d i s t o r t e d  by the  tape  r e c o r d e r s .  

Images  of s c e n e s  in  a l l  f ou r  s p e c t r a l  bands a r e  r ep roduced  in  one 
of a p rec i s ion  d r u m  pho to reco rdc r  on one f i lm t r a n s p a r e n c y  16 .5  

by 24 inches .  E a c h  s p e c t r a l  i m a g e  i s  7 . 3  inches  s q u a r e  and r e p r e s e n t s  a  
square of ground 100 n . m i .  on  a  s i d e .  Annotat ion da t a ,  geographic  t i cks ,  
and a  photographic g r a y  s c a l e  a r e  r ep roduced  with e a c h  s p e c t r a l  f r a m e  
making a n  o v e r a l l  8 by 9 inch  r ec t ang le .  

1. 3. 3 . 2  T e s t  Equipment  f o r  F l igh t  Subsys t em Units  

T h e r e  a r e  two d i f f e r e n t  types  of t e s t  equipment  which w e r e  used  for  
checking the  s c a n n e r  and  mul t ip l exe r  toge ther  o r  s ingly.  Equipment  f o r  
testing the  s c a n n e r  and  r ~ ~ u l t i p l e x e r  i s  a s s e m b l e d  in  a  g r o u p  ca l led  bench  
test equipment  (BTE) .  T h i s  equipment  i s  u sed  for  a l l  f o r m a l  t e s t i ng  of the 
assembled s c a n n e r  and  fo r  the  s c a n n e r / m u l t i p l e x e r  combined t e s t  (e.  g . ,  

' subsystem env i ronmen ta l  qua l i f ica t ion  and  accep tance  t e s t s ) .  1 
b 

, A s l igh t ly  d i f fe ren t  s e t  of t e s t i ng  funct ions i s  r e q u i r e d  a f t e r  d e l i v e r y  
to the s p a c e c r a f t  i n t e g r a t o r .  An a s s e m b l y  of t e s t  components  ca l led  the 

t spacecraf t  t e s t  equipment  (STE) i s  u sed  for  t h e s e  t e s t s .  
b 

I 
1. 3 .  3 . 3  T e s t  Equipment  for  Rece iv ing  Site Equipment  

f 

> .  i 

L Equipment  i s  mounted  pe rmanen t ly  with the demui t ip l exe r  and  t ape  , 
recorder  a t  the r ece iv ing  s i t e .  T h i s  equipment  c o n s i s t s  of a  t e s t  s e t  which 
allows d iagnos t ic  t e s t i ng  and checkout  of the  ope ra t iona l  equipment  a t  a n y  
time dur ing  the m i s s i o n .  

i 

I f: 1.4 SUMMARY OF SYSTEM PARAMETERS 
! 

Table  1-4 s u m m a r i z e s  the  MSS s y s t e m  d e s i g n  p a r a m e t e r s .  



TABLE 1-4. SUMMARY OF SYSTEM PARAMETERS 
1 

- -  - 

SPACECRAFT EQUIPMENT 

Scanner 

Telescope opt ics  

Scanning method 

Scan duty cycle (forward 
t r a c e )  

Instantaneous field of view 

Optical  f iber  c o r e  

Spect ra l  band and de tec to r s  

F o c a l  length 

Number of l ines  scanned 
per  s c a n  p e r  band 

Limit ing resolu t ion  f r o m  
496 n. mi. 

Operat ional  resolut ion 

Sampling d is tance  

Video bandwidth ( - 3  d B )  

Mult iplexer 

Number of channels  

Quantization 

Quantization a c c u r a c y  

Process ing  modes  

Clock stabil i ty 

9 inch ~ i t c h e y - C h r h t i i n  type with 
3 .5  inch secondary  m i r r o r ,  f / 3 .  6 

Fla t  mi;-ror osci l lat ing 
*2.9 d e g r e e s  a t  13.62 Hz 

3 1 . 5  m s  of 7 3 . 4 2  m a  cycle 
min imum 

0.086 mr (includes f iber  cladding) 

2. 8 m i l l i -  aches  

0 . 5  to 0 . 6  m i c r o n s ,  P M T  
0 . 6  to 0 . 7  m i c r o n s ,  PMT 
0 . 7  t o  0 .8  m i c r o n s ,  P M T  
0 . 8  to  1. 1 m i c r o n s ,  SiPd 

32.5 inches 

100 feet 

225 fee t  

184 feet  

4 2 . 3  kHz per  channel 

24 

6 bi ts  

With i 3 0  m v  a t  any quantum Level 

Linear  and s ignal  compress ion  

*I x 1 0 - ~ / ~ e r r  



Table 1-4 (continued) 

Multiplexer (continued) 

6 15.06 x I0  bps 

100,4  18 samples /eecond  

Output bit r a t e  

Sampling r a t e  (each 
channel) 

Cross ta lk  > 40 d B  re jec t ion  

RECEIVING SITE EQUIPMENT 

Demult iplexer 

Input bit  r a t e  6 15 .06  x 10 bps 

3 
602 x 10 bps ichannzl  Output bit r a t e  capability 

( 2 5  channels)  

Output cha neels  

1 in 1012 for is bit  e r r o r  r a t e  
of  1 105 

Probabi l i ty  of not acquir ing  

5 1 pe r  1.7 x 10 p ic tu res  S c i n  moni tor  beginning of 
line pulse m i s s r a t e  

17 
1 per  3 . 3 6  x 10 pic tures  Scan moni tor  beginning of 

line pulse fa lse  a l a r m  r a t e  

T a ~ e  Recorder  / R e a d e r  
- - - - - - - 

Number of t r a c k s  28 (s ized  for  32) 

7 

4: 1 

Number of speeds  

Normal  r ecord lp layback  
speed ra t io  

Record  mode Digital 

1 x l o  6 Record  /playba ck bit e r r o r  
r a t e  

Star t  t ime  < 8  seconds  

<4 seconds  Stop t ime 



Table 1-4 icontinued) c 

r G R O U N D  PROCESSING TEST EQUIPMENT 
I I 

Digital P r o c e s s o r  

Inputs 

Output 

Photo R e c o r d ~ r  

F o r m a t  

25 video tape channels ,  STADAK 1 
t ime code f rom tape channel,  ! 

annotation and indexing paper  tape ,  
and video cor rec t ion  paper tape 

Video signals  polarized for e i the r  
negative o r  positive t r ansparency  

Mechanical  facs imi le  

Four  s p e c t r a l  bands a t  lo6  to  
1 s ca le  

I Rate of reproduction One-fourth r e c o r d  r a t e  

Gray  s c a l e  fidelity 16 f i g r a y  shades  

Optical  s y s t e m  Two optic  heads on a common 
c a r r i a g e  

I Light source  Zirconium a r c  c r a t e r  lamp 

I Drum speed 1 2 2 5 . 8  r p m  



2. MSS SPACECRAFT EQUIPMENT 

2.1 SCANNER 

A funct ional  block d i a g r a m  i l l u s t r a t i n g  t h e  m a j o r  s u b a s s e m b l i e s  
comprising t h e  s c a n n e r  is shown in F i g u r e  2- 1. 

F: 2.1, 1 Scan M i r r o r  Assembly  

2. 1. 1. 1 Funct ional  Desc r ip t ion  
t 
? An i s o m e t r i c  view of the s c a n  m i r r o r  a s s e m b l y  i s  shown i n  
;;. Figure 2 - 2 .  T h e  s c a n  m i r r o r  which  c a u s e s  the sweep  a c r o s s  the 100 n. mi. 

f: swath need only s c a n  half the  angle  of the  full field of view because  of the  
angle doubling effect  t h a t  o c c u r s  a t  re f lec t ion .  T h e  m e c h a n i s m  has  a n e a r l y  . , 
symmetr ica l  s can  pa t t e rn ;  i. e . ,  t he  w e s t  t o  e a s t  fo rward  s c a n  and e a s t  t o  

ji west r e t r a c e  o c c u r  in  p r a c t i c a l l y  equal  t i m e  i n t e r v a l s ,  a s  shown i n  
f i  Figure 2-3. 
i 
1 T h e  m i r r o r  i s  l ight ly suspended on f lexure  pivots ,  and  i t s  mot ion  i s  
1 reversed f rom s c a n  to  r e t r a c e  and  f r o m  r e t r a c e  t o  s c a n  by impac t ing  b u m p e r /  
/ dampers  which a r e  in  contac t  with t h e  m i r r o r  f o r  the  4 m s  (nomina l )  per iod  
1 shown a s  t t l rnaround.  T h e  r e s t  of the  s c a n  p h a s e  m a y  be used for  lmaging  
1 and amount t o  app rox ima te ly  43  p e r c e n t  of t h e  to t a l  cycle.  Between i m p a c t s ,  ' during the s c a n  vhase ,  the  m i r r o r  d r i f t s  a t  a cons tan t  angu la r  r a t e  excep t  i 

B f  for very mi ld  r a t e  changes  caused  by t h e  r e s t o r i n g  f o r c e s  of t he  f l exu re  pivots.  

T h e  s y s t e m  is  c o m p r i s e d  of a m i r r o r ,  mount ing  s t r u c t u r e ,  m i r r o r  
pivot sp r ings ,  two b u m p e r / d a m p e r  uni t s ,  and a torque  coil .  Once  in mot ion ,  
the m i r r o r  s c a n s  back  and for th  between i m p a c t  s p r i n g s  indefini te ly if t he  
system w e r e  l o s s l e s s .  I n  p r a c t i c e ,  the s y s t e m  l o s e s  e n e r g y  f r o m  damping  
during impac t s  and  f rom s p a c e c r a f t  motion.  A magne t i c  t o r q u e r  is included 
to r e s t o r e  t h e s e  e n e r g y  l o s s e s  by applying a m o m e n t  du r ing  the  r e t r a c e  
interval. T h e  torquing  i n t e r v a l  is cont ro l led  by a p p r o p r i a t e  feedback to c o m -  
pensate for var ia t ions  in t he  ene rgy  d i s s ipa to ra .  

T h e  bas ic  c h a r a c t e r i s t i c s  of m i r r o r  mot ion  a r e  d e s c r i b e d  in F i g u r e  2 - 4  
by means of a one-d imens ional  ana log  and a phase -p l ane  plot of t h e  Limit ~ y c l e  
motion. Dur ing  the  s c a n  in t e rva l ,  t he  m i r r o r  m o v e s  a t  n e a r l y  cons tan t  veloci ty  
to the r ight  until  i m p a c t  occu r s .  T h e  b u m p e r / d a m p e r  c a u s e s  a r a t e  r e v e r s a l  
to the left .  Dur ing  irnpa,t, the  bumper  daehpot  g e n e r a t e s  damping  f o r c e s  



which p reven t  the m i r r o r  f r o m  ecover ing  a l l  of i t s  ini t ia l  r a t e  ampl i tude .  
As the m i r r o r  r e t r a c e  mot ion  pi oceeds  to  the  le f t ,  the t o r q u e r  co i l  continue8 1 

t o  a c c e l e r a t e  the m i r r o r  i n  ant : .c i~,at ion of the  velocity l o s s  dur ing  the coming 
i m p a c t  a t  the s t a r t  of scan.  T h e  a r r i v a l  veloci ty  a t  the l a t t e r  i m p a c t  i s  ? r e -  
c i s e ly  tha t  n e c e s r a r y  to r e r u l t  i n  p r o p e r  ecan  velocity a f t e r  i m p a c t  which ia 
ident ica l  to t he  s c a n  of the  p rev ious  cycle.  

P e r i o d i c  torquing  ia  physical ly  accompl ished  by exc i t ing  t h e  magnet ic  
co i l  wi th  a 13. 62 Hz s q u a r e  wave  pu l se  and t e r m i n a t i n g  coi l  exc i ta t ion  when 
the  m i r r o r  c r o ~ s e s  a  p a r t i c u l a r  point  ( s ensed  with a n  op t i ca l  swi tch)  n e a r  the 
m i d - s c a n  point of the r e t r a c e  in te rva l .  

F i g u r e  2-5 i l l u s t r a t e s  m i r r o r  veloci ty ,  s y s t e m  mechan ica l  ene rgy ,  
and appl ied to rque  for  typ ica l  s t eady  s t a t e  l imi t  cyc le  mot ion  a t  13.6 2 Hz. 

2. 1. 1. 2 Mechan ica l  Des ign  

T h e  components  t ha t  c o m p r i s e  the acan  m i r r o r  a s s e m b l y  a r e  shown 
in  F i g u r e  2-2, and d e s c r i b e d  in  the following p a r a g r a p h s .  

2. 1. 1. 2. 1  M i r r o r .  T h e  m i r r o r  i s  a n  e l l i p se  with a m a j o r  a x i s  oi  
13. 98 inches  and i s .  thick. T h e  front  and back p l a t e s ,  a long  with inte-  
g r a l  connecting r i b s ,  a r e  fo rmed  oy e l e c t r i c  d i s c h a r g e  machin ing  f rom a solid 
be ry l l i um billet .  T h e  f ron t  s u r f a c e  i s  e l e c t r o l e s s  n icke l  plated t o  give a  good 
op t i ca l  f inish and the r e a r  r e c e i v e s  the  s a m e  plat ing for  s t r e s s  balancing.  
An enhanced s i l v e r  coat ing (OCLI 6065001) io  vacuum depos i ted  o n  the iront 
s u r f a c e  fo r  un i form s p e c t r a l  r e s p o n s e  a c r o s s  t h e  MSS s p e c t r a l  r ange .  A, 
pro tec t ive  coat ing i s  then appl ied t o  p reven t  ta rn ish ing .  

2. 1. 1.2. 2 F l ex  P ivots .  T w o  f l exu re  pivots  suppor t  the scan m i r r o r  - 
with the  s m a l l e s t  r e s t o r i n g  to rque  tha t  1s compat ib le  with s t r e s s  r e q u i r e m e n u  
Bendix c r o s s - s p r i n g  f l exu res  with a  d i a m e t e r  of 5 / 8  inch  a r e  u sed .  

2. 1, 1. 2. 3 Support  S t ruc tu re .  An a luminum s t r u c t u r e  suppor t s  the 
m i r r o r  a s s e m b l y .  T h i s  s t r u c t u r e  i s  bolted to a n  extended edge  of the scanner 

- 

t e l e scope  cas t ing  with dowel p ins  a t  the ca s t ing  i n t e r f a c e  for p r e c i s e  a1igr.- 
ment .  M i r r o r  to  mounting s u r f a c e  a l ignment  i s  held to 1. 5 a r c m i n  accuracy.  

2. 1. 1. 2.4  B u m p e r I D a m p e r  Units. Two  b u m p e r s  wi th  damping  
m e c h a n i s m s  a c t  a t  e a c h  end  of the  m i r r o r  t r a v e r s a l  to  change  the  d i rec t ion  
of ro ta t ion  of the  m i r r o r .  F i g u r e  2-6  i s  a cutaway view of one unit. A bumper 
cup  which i s  i n t e g r a l  with the  t o r q u e r  a r m a t u r e  i s  s e t  in to  the m i r r o r .  Turn- 
a round  o c c u r s  a s  the f ron t  and  back e n d s  of the nylon clad cup  s t r i k e  the impam 
ba r s .  T h e  f ron t  s u r f a c e  i rnpact  of one cup o c c u r s  ~ i m u l t a n e o u s l y  with the rear 
s u r f a c e  impac t  of the cup a t  the  o t h e r  end and  v ice  v e r s a .  In t h i s  way the turm 
a round  f o r c e  i s  a  couple s o  tha t  t r a n s l a t i o n  f o r c e s  on the  pivots  a r e  rr,inimal. 
T h e  i m p a c t  b a r  i s  mounted t o  *he suppor t  s t r u c t u r e  t h rough  a  he l ica l  spr ing,  
and cont ro l led  damping  i s  in t roduced  to the s y s t e m  through a  p a i r  of s i l icon 
r u b b e r  moun t s  affixed to  e a c h  i m p a c t  b a r  (one of p a i r  shown). T h e s e  two 
d a m p e r s  a r e  placed in  s h e a r  when t h e  i m p a c t  b a r  is d i s7 l aced  back and forth 
by i m p a c t s  with the m i r r o r .  
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Figure 2 -2 .  Scan Mirror Assembly 
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and Torque Hietory (Drive Frequency 13.62 He)  



Figure 2-6. Cutaway View ~ u m p e r  /Damper Unit 



2. 1. 1. 2. 5 Elect romagnet ic  Drive  Assembly. ;'he e lec t romagnei lc  
d r i v e  a s s e m b l y  cons i s t s  of a d r i v e  c o i l l c o r e  a s s e m b l y  mounted on the s ~ t ; .  
por t  s t ruc tu re -and  a n  a r m a t u r e  mounted on the m i r r o r .  The  c o r e  is ma&&-  
factured f rom Allegheny-Ludlum No. 4750 magnet ic  i ron  around which a c c  . 
(1300 turn8 No. 24 AWG) ir wound on a nylon bobbin. The a r m a t u r e  i e  aluo 
manufactured f rom Allegheny-Ludlum No. 4750 magnet ic  i r o n  and f o ~ m s  
p a r t  of ihe bumper cup as shown i n  F igure  2-6. 

2. 1. 1. 2.6 0 t i ca l  Switch. An optical  switch consist ing of tungsten 
filament l amps ,  silrcon +- p o to t rans i s to r  de tec to r s ,  and coll imating optics is 
used for turning off the  to rquer  a t  the  mid-scan point. Light from the two 
bulbs p a s s e s  through a defining slit, a beamspl i t te r ,  the two l e n s e s ,  and a n  
aper tu re ,  and is focu.sed to a l ine approximateiy 0. 3 inch long and  0.002 
inch wide. The switching m i r r o r ,  one-half of which is highly reflect ivc and 
the o ther  half absorbent ,  is placed at the focal point of th is  assembly.  When 
the  switching m i r r o r  is i n  position to  re f l ec t  the focused beam, the  beam is 
then ref lec ted  back through the  l e n s e s  to the beamspl i t te r  w h e r e  i t  is r e f l e c t 4  
a t  90 d e g r e e s  and refocused on the  detectors.  Redundant l a m p s  and detectors 
a r e  used for rel iabil i ty reasons.  

2. 1. 1. 3  Scan M i r r o r  E lec t ron ics  

T h e  s c a n  m i r r o r  e lec t ronics  provides power to the s c a n  m i r r o r  
d r i v e  coil  of the scan m i r r o r  mechan i sm with a synchronized voltage pulse 
of fixed ampli tude and variable durat ion to maintain s table  s c a n  m i r r o r  pe r -  
formance. T h e s e  e lec t ronics  form the in te r face  between t h e  scanner  and 
the  scan  m i r r o r  assembly.  

Through the  scanner ,  the s c a n  m i r r o r  e lec t ronics  receives :  
1 )  unregulated spacecraf t  power, with redundant w i r e  paths, 2) s y s t e m  on /  
off command, 3) s c a n  m i r r o r  normal / inhibi t  command,  4 )  power l ine 1 o r  2 
se lec t  command, and 5) s c a n  m i r r o r  d r i v e  s ignal  (clock). In  addition, regu- 
lated t e lemet ry  power is received f r o m  the scanner  for t h e r m i s t o r  bias ir. 
the t e m p e r a t u r e  sensing networks. Scan m i r r o r  position information is pro- 
vided f rom the optical switch on the scan m i r r o r  mechanism.  

T e l e m e t r y  outputs a r e :  1 ) power l ine 1 confirm, 2 )  power l ine 2 
conf i rm,  3 )  l ine se lec t  confirm, 4 )  sys tem on conf i rm,  5)  s c a n  m i r r o r  nor -  i 
ma1 conf i rm,  6 )  regula tor  output voltage, 7 )  regulato c t empera tu re ,  

! 8) d r i v e  e lec t ron ics  t empera tu re ,  9)  coil  t empera tu re ,  10) mounting f r a m e  
t e m p e r a t u r e  a t  f lexural  pivot, and 11) detected s c a n  m i r r o r  d r i v e  signal. 1 
Outputs 1 through 5 are digital; outputs 6 through I 1 a r e  analog. 

i 
T h e  scan  m i r r o r  d r ive  e lec t ron ics  and t h e i r  functions a r e  shown ! 

schemat ica l ly  in F igures  2-7 and 2-8, respectively.  Elect ronic   component^ : 

and subassembl ies  ex te rna l  to the  scan m i r r o r  electronics are a l s o  shown I 
i n  F igure  2-7. 
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Figure 2-8. Scan Mirror Assembly Waveforms 



The l inear  s e r i e s  regulator has  a matched differential t rans i s to r  ~ a i r ,  
operated with one input referenced to a temperature-compensated zener  diode, 
and the other input sampling the regulated output voltage remotely a t  the m i r -  
ror coil. The e r r o r  i r  renred,  amplified, and fed to a Darlingtorl pair ,  which 
in turn dr ives  the s e r i e s  pass  stage. 

2. I. 2 Optics - 
The basic  optical elements of the scanner described here  a r e  the tele-  

scope and the t ransfer  optics used to  t ransmi t  the image spot intensit ies to 
the appropriate detectors. These form the pr imary  image path through the 
scanner. Optical elements a r e  used in  other par t s  of the scanner such a s  
optical pickoff devices; however, these a r e  described a s  pa r t  of the  part icu- 
lar  devices. The pr imary  optical path is shown in  Figure 2-9. 

2. 1. 2. 1 Telescope 

Although the actual  focused a r e a  occupied by field stops intercepts  
l ess  than 1 m r ,  a l a rge r  focused a r e a  is needed to a s su re  good performance 
over combinations of temperature ,  misalignments, and mater ia l s  changes. 
The Ritchey ~ h r d t i Z n  design was selected for the super ior  off-axis quality. 
As shown in Figure 2-10, the 90 percent blur c i rc le  diameter  does not reach 
50 percent of the instantaneous field of view until the off-axis angle exceeds 
0.25 degree (4.4 mr) .  The  reflecting pair ,  shown in Figure 2-9, has  a focal 
length of 32. 50 inches and an  I/# of 3.6. The ref lectors  a r e  made of fused 
silica and the supporting rods a r e  Invar ( see  Figure  2-11). 

2. 1. 2.2 Fiber  Optics Assembly 

Twenty-four f ibers a r e  a r ranged  in  the focal plane i n  the configuration 
shown in Figure 2-12. As the scan m i r r o r  sweeps a c r o s s  this mat r ix  a s  
indicated, six l ines a r e  simultaneously imaged in each of the f i rs t  four spec t ra l  
bands. These fibers c a r r y  the energy from the focal plane through a support- 
ing tube to the aluminum base plate where  the 24 f ibers  branch out in channels 
and a r e  directed to  24  individual detectors.  The f ibers  a r e  epoxy bonded a t  
each end and throughout their  length. The square  f ibers  a r e  0.0028 inch on 
a side, including the inner g lass  core  of '3. 0024 inch and exterior cladding. 

Transfe r  lenses  collimate the energy a t  the output of the f ibers  of 
bands 1 to 3 to within tS degress .  The energy i s  then efficiently t rans fe r red  
to the photomultiplier tubes by means  o i  enhancement pr isms.  For  band 4, 
the t ransfer  lenses  image the optical f ibers onto the detectors  with magnifi- 
cation of approximately fotrr. Between each lens and detector assembly is 
an appropriate spectra l  filter. 

The t ransfer  lens i s  a plano-convex lenr of high index g lass  with a n  
antireflective coating to minimize t r an rmi r r ion  losr. Optical coupling between 
'each lenr and fiber ir accornplirhed with Dow Corning 93-500. 
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The lens and f i l t e r  are cemented into a 111ounting block which i s  then 
moved about to porition the optical center Line relat ive to a met of index holes 
in the fiber opticr plate. The re  hole8 a l ro  locate the detector arsembly.  

2. 1. 3 Photomultiplier Tube (PMT) Detectors 

PMT detectors  a r e  ured for bandr 1 through 3. The PMT rubasrembly 
includes the enhancement p r i rm ,  the tube itself, divider r e r i r t o r  chain, and 
space for the preamplifier. Relative apectra l  r e rpon re  for bandr I through 
4 i s  shown in  Figure 2- 13. 

2. 1. 3. 1 Preampli f iers  and Buffers 

The PMT preamplifier  is a cur ren t  mode amplifier with a differential 
input stage, followed by an integrated ope rational amplifier. An input field 
effect t rans i s to r  (FET) matched pair  provides low input bias cur ren t  andblow 
input offset voltage which appears  with unity gain a t  the output due to the high 
source impedance and cur ren t  mode configuration. High loop gain provides 
good gain stability and output impedance. Inclusion of a Butterworth three- 
pole filter within the preamplifier decouples the loop from the output l ine,  
making the preamplifier insensitive to load capacitance. 

The PMT buffera and 15 volt regulators for each band a r e  packaged on 
a separate  printed c i rcui t  card assembly. The integrated c i rcui t  (IC ) regula- 
t o r s  use  d i sc re te  component t rans i s to rs  to handle the 60 m a  load current.  
Foldback cur ren t  limiting ia provided. The individual channel buffers consist  
of two cascaded IC operational ampli f iers ,  both inverting, t o  provide the 
required overall  noninverting gain of nominally 8. 

Gain may be set  within a range of t 3  dB before launch, and in bands 
1 and 2 is comrnandabh to the high gain mode which provides an additional 
nominal gain increase  of a factor of three. Output offset i s  adjustable *O. 3 
vo:t in 10 m v  s teps  by res i s to r  selection. This provider a resolution slightly 
l e s s  than the leas t  significant bit. 

2. 1. 3. 2 Packaging 

The PMT packaging arrangement  i s  shown in  Figure 2- 14. The tube 
is  potted into an aluminum cylinder which provider shielding, light baffling, 
and mechanical support. An aluminum bulkhead separates  the tube from the 
preamplifier a rea .  The enhancement p r i sm i r  cemented to the tube face and 
i r  s c  located that incoming radiation makes two pas re r  a t  the photocathode. 

2. 1.4 Silicon Photodiode Detectors 

Silicon photodiode detectors  a r e  ured in band 4. A curve showing 
relative responre  for band 4 i r  given in  Figure 2- 13. With this silicon photo- 
diode, the equivalent load re r i r t ance  of the cur ren t  source er tabl i rhes  the 
noira level. 
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2. I .  4, 1 P r e a m p l i f i e r  

T h e  p r e a m p l i f i e r  1s a c u r r e n t  m o d e  a m p l i f i e r  wi th  a s ingle  ended FET 
input  s tage.  T h e  b iased  operatior! of t he  diode m a k e s  i t  n e c e s s a r y  t o  u s e  a 
blocking capac i to r  to r e r t o r e  the d c  r e f e r e n c e  l eve l  by m e a n s  oT a no-l ight  
c lamping  signal.  I t  i s  i m p o r t a n t  t ha t  input capac i t ance  be  kept low to  r n i n i n ~ i z t  
t he  output n o i s e  due  t o  t h e  input  FET. F o r  t h i s  r e a s o n ,  a s o u r c e  fol lower Anput 
s t a g e  h a s  been  des igned  wi th  c a r e f u l  a t ten t ion  t o  layout. T h e  f i r s t  s t a g e  h a s  
unity vol tage gain,  and  a low no i se  b ipolar  s t a g e  run  at 100 m i c r o a m p e r e s  i s  
used  for  the second s tage .  

2. 1. 4. 2 Packaging  

T h e  packaging a r r a n g e m e n t  of the photodiode s u b a s s e m b l y  i s  shown 
in  F i g u r e  2-15. Mo*.*nting a n d  a l ignmen t  of the d e t e c t o r  employs  a n  e c c e n t r i c  
nylon s l e e v e  in to  which the  c a n  containing the d iode  1s lightly p r e s s e d .  T h e  
or ien ta t ion  and amount  of t h e  e c c e n t r i c i t y  a r e  s e l ec t ed  t o  c e n t e r  the  s e n s i t i v e  
area, t o  p l ace  i t  a t  t he  focus of t h e  t r a n s f e r  opt ics .  Pa t t i ng  o v e r  t he  lead  end 
of t he  can  and  su r round ings  r e t a i n  the  position. 

2. 1. 5 Rota t ing  Shut te r  and  Ca l ib ra t ion  Componcnts  - - 
A l a r g e  ro ta t ing  s h u t t e r  p e r f o r m s  s e v e r a l  r e f e r e n c e  and  ca l ibra t ior .  

funct ions du r ing  the  s c a n  r e t r a c e  ' n t e rva l s .  Some  o i  the components  u sed  
fo r  i n t e r n a l  I -a l ibra t ion  a r e  mounted on the shu t t e r  wheel  a t  angu la r  pos i t i ons  
chosen  t o  provide  p r o p e r  t iming  for  ca l ib ra t ion  s ignals .  D e s c r i p t i o n s  of 
t h e s e  components  have been  co l lec ted  i n  t h i s  sec t ion  because  of t h e i r  p r o p -  
inqui ty and in te rdependence .  

2 ,  1. 5. 1 Shut te r  Wheel I 
T h e  s h u t t e r  r o t a t e s  (6. 81 Hz)  once  for e v e r y  two s c a n  m i r r o r  c ~ i l e s  I 

! 
and h a s  annu lh r  s l i t s  v.*hich d i s c l o s e  the focused r eg ion  of t he  op t i c s  s y s t e m  I 
dur ing  the two co r re spond ing  s c a n  in t e rva l s .  Al te rna t ive  t a r g e t s  a r e  subs t i tu ted  ! 
dur ing  the t i m e  the f o c w e d  reg ion  i s  clos*d to the opt ics .  T h e s e  t a r g e t s  
inc lude  a v a r i a b l e  denui ty wedge wie th  a m l r r o r  t o  d i r e c t  a cont inuously d imin -  
i sh ing  l igh t  It-vel in to  f i b e r s  for  ca l ib ra t ion  purposes .  F i g u r e  2-  16 shows  the 
s h u t t e r  wheel  wi th  a l l  uf t h e  cutouts  and  spec i a l  t a r g e t s  indicated.  

2. 1. 5. 2 Shut te r  Wheel  Cont ro l  C i r c u i t s  

T h e  s h u t t e r  wheel  is main ta ined  in  synchron i sm with the s c a n  c y c l e  I 
I 

by m e a n s  of a p h a s e  locked loop which c o m p a r e s  the output of a n  op t i ca l  
mon i to r  on  the s h u t t e r  wi th  a s igna l  f rom the s c a n  moni tor  which s e n a e s  the 
s t a r t  of scan.  T h t  t iming  r e l a t ionsh ip  fo r  the shu t t e r  wheel  i n  t e r m s  of sun  
m r r r o r  r e f e r e n c e  i s  shown i n  F i g u r e  Z- 17. T h e  t i m e  o r ig in  is shown a s  the  
r can  mon i to r  p u l r e  which con t ro l r  t he  s h u t t e r  wheel; however ,  thin is a conven-  
i e n c e  only,  s i n c e  the o s c i l l a t o r  e s t a b l i r h e s  t he  time f r a m e  and  the s c a n  n ~ o n i -  
t o r  p u l r e  fol lowr wi th  s o m e  l ine- to- l ine j i t ter .  F i g u r e  2- 18 ir  a block d i a g r a m  
of the p h r r c  locked loop which  d r i v e 6  the shu t t e r  wheel  i n  p h a s e  wi th  the s c a n  
m i r r o r .  

i 
I 
I 
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Figure 2 - 15. Silicon Photodiode Detector A ~ s e m b l y  
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Should the  scan monitor fail,  an  a l ternate  signal i s  injected onto the 
reference signal l ine by the multiplexer. This  signal has  been incorporated 
in the multiplexer to  initiate sampling and maintain rhutter  synchronization 
in  the event of much a failure. Both optical pickoffm, which a r e  compared in 
the phase locked loop, employ dual light sources  for redundancy. 

2. 1. 5. 3 Internal  Calibration 

The internal  calibration sys tem consists  of redundant tungsten lamps 
with optice, a fold in^ m i r r o r ,  and a neutral  density filter (NDF). The tungs- 
ten lamps a r e  selected by ground command. Each lamp i e  filtered to achieve 
a relat ive spec t ra l  distribution s imi la r  to that of the sun. A typical lamp 
spectrum i s  shown in  Figure 2- 19. The optical components a r e  used a f te r  
each lamp to  concentrate the light output onto the fiber optics a r r a y  a s  i l lus-  
t ra ted in Figure 2-20. The NDF var iee  continuously from 100 percent t r ans -  
miss ion (completely t ransparent)  on one end to  approximately 1 percent 
t ransmiss ion on the other. The NDF i s  used to attenuate the light that falls 
on the fiber optics a r r a y  t o  provide light samples a t  a l l  levels between ze ro  
and full scale. Shown in F igure  2-21 is an approximation to the profile of 
the NDF transmiss ion a s  a function of the angle of the shutter  wheel to  which 
it i s  attached. 

f 

All e lements  of the l a m p  calibration system a r e  shown in Figure  2-22, 
with the optical fiber a r r a y  moved away from the N D F  for clarity. The 
redundant s e t  of tungsten lamps and optics which a r e  identified a s  the source  
assembl ies  a r e  stationary. Attached to the shutter  wheel a r e  the NDF and 
folding mi r ro r .  The focused light beam is transmitted through the NDF to 
the fiber optics a r r a y  by means of the folding mir ror .  Cor rec t  positioning 
of the beam on the fiber optics a r r a y  while the shutter  wheel rota tes  is 
accomplished by the folding mi r ro r .  Pass ing  the NDF through the light beam 
causes  the light to  be attenuated s o  i t s  intensity profile resembles  the K D F  
t ransmiss ion profile given in  Figure 2-23. As the shutter  wheel rota tes ,  the 
calibration sys tem generates  a voltage waveform out of the scanner which 
resembles  that shown in  Figure 2-23. The maximum scanner output can 
exceed 4 volts, but the multiplexer converts a l l  signal levels above 4 volts 
to the digital word corresponding to 4 volts a s  shown. This  output waveform 
is commonly called the calibration gray wedge. 

The cal ibrate  lamp cur ren t  is regulated by a switching regulator which 
operates  synchronously with the main supply inverter .  Cur ren t  regulation i s  
maintained to *O. 2 percent  for  input voltages i n  the range of -20 to - 30 volts. 
Power of 0. 357 watt is delivered to  the lamp, with 0. 29 watt dissipated in the 
regulator . 

2. 1.5.4 Band 4 DC Restore  Circuit  

The purpose of the dc  r e r t o r e  c i rcui t  is to  set the channel ouput 
periodically t o  a predetermined value (0 volt) for ze ro  input signal. The d c  
r e s t o r e  c i rcui t  i s  enabled by the s a m e  comparator in  the phase locked loop 
that  controls the shutter phare. The shutter  coverr  the detectors  to provide 
a black o r  ze ro  light irrput fo r  a period overlapping the 20 ma enabled t ime  
of the dc r e r t o r e  circuit. 
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Figure 2-24. Sun Calibration System 
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T h e  d c  r e s t o r e  c a r d  contains a complete band of s ix  d c  r e s t o r e  
c i rcui t s .  The  forward  loop o r  unres tored  s ignal  path contains the d c  r e e t o r e  
capacitor .  During the r e s t o r e  period a n  FET swicch i s  turned on by the r e s t o r e  . 
command,  and the r e s t o r e r  output i s  set t o  z e r o  volts. T h e  cha rge  requi red  
t o  s e t  the  output in  the  p r e r e n c e  of z e r o  light input is s to red  on the capaci tor  
and maintained when the r e s t o r e  command is removed.  T h e  res to r ing  t i m e  
constant  is 3 ms.  The  loop a l s o  p e r f o r m s  the function of switching the  dc  
r e s t o r e  c i r cu i t  into and out  of the video c i rcu i t s  for bands 4 and 5 ,  

I 2. 1. 5. 5 Sun Calibrat ion M i r r o r s  

The sun ca l ibra t ion  s y s t e m  c o n s i s t s  of a four- faceted  m i r r o r  and a n  
en t rance  a p e r t u r e  for  each  facet.  The  sun  ca l ibra t ion  s y s t e m  is shown in  
F i g u r e  2-24. The m i r r o r s  a r e  fixed in position and oriented to  ref lec t  the 
sun  through the a p e r t u r e s .  The  angles  of the m i r r o r s  a r e  se lec ted  s o  that 
the  sampling of the s u n ' s  ene rgy  o c c u r s  just before  the E R T S  c r o s s e s  the  
nor the rn  t e rmina to r .  In th is  way competing light f r o m  the  scene  is m a d e  
negligible. This  sampiing wi l l  appear  in  the  s c a n  in te rva l  for  e a c h  channel  
of bands 1 through 4 and can  be used a s  a p r i m a r y  s tandard  by which changes 
in the  in te rna l  light ca l ibra t ion  s y s t e m  can  be a s s e s s e d  and c o r r e c t e d .  

I 2. 1. 6 Scan Monitor  

Ans!e c ross ing  of the  s c a n  m i r r o r  denoting the w e s t  edge,  cen te r ,  
and e a s t  edge of the 100 n. mi. swath  is indicated by means  of a n  optical  
pickoff s i tuated t o  view the  scan  m i r r o r  essent ia l ly  orthogonally. The 
beginning pulse is supplied to the mult iplexer where  it is used to in i t ia te  
video sampling. The cen te r  pu l se  can  b e  t ransmit ted  upon command and is 
provided for checkout and troubleshooting. T h e  end of l i n t  pulse  is t r a n s -  
mi t ted  in  the da ta  to allow l ine-to-l ine co r rec t ions  should the scanning m i r r o r  
show minor  var ia t ions  in  t i m e  to scan  a line. 

T h e  scan  monitor  s y s t e m  cons i s t s  of a gal l ium a r s e n i d e  l a s e r  diode 
e m i t t e r  (operat ing in  sublasing mode),  a n  optical  project ion sys tem,  a 
s e r i e s  of r e f l ec to r s ,  and a pa i r  of de tec tors .  

T h e  s y s t e m  has  a built-in redwldancy in  the iorr.. of two light s o u r c e s  
in one package, only one of which wil l  ope ra te  a t  any given t ime ,  one is 
instal led on-axis ,  while the  backup m u s t  be o f f se t  by the i r  min imum cen te r -  
to-center  dimension.  If one s o u r c e  fails,  the redundant unit is se lec table  by 
ground originated commands.  

The  opt ica l  s y s t e m  cons i s t s  of s e g m e ~ t s  of spher i ca l  and plane e le-  
m e n t s  as pe r  F i g u r e  2-25 .  Spot d i a g r a m s  indicate that 100 percent  of the 
ene rgy  f rom a point on the e m i t t e r  is concentrated within a 0.010 inch d iam-  
e t e r  c i r c l e ,  9 2  percent  within a 0. 004 inch c i r c l e  a t  the  first image,  which 
is a t  the 30 d e g r e e  p r i s m ,  and 100 pe rcen t  within a 0. 032 inch  c i r c l e  a t  the 
de tec tor  8 .  



The  s y ~ t e n l  is folded, utilizing the s c a n  m i r r o r  four t i m e s  to  "walk" 
the  spot  f rom the e m i t t e r  plane t o  the de tec tor  plane. T h u r ,  a 60 inch 
optical  path is attained in  7.5 inches  and, by r e a s o n  of the mult iple r e f l e c -  
t ions,  i s  actuai ly equivalent to a 240 inch optical  lever .  

2. 1. 6. 1 Scan Monitor E lec t ron ics  

T h e  purpose of the  s c a n  moni tor  c i r cu i t ry  is to de te rmine  the optical  
z e r o  c ross ing  within 0. 5 microsecond,  a s  de te rmined  by the  0. 5 volt point 
on the leading edge of i t s  output pulse. 

T h e  two si l icon photodiodes a r e  followed by a preampl i f ier .  T h e  
photodiodee a r e  placed physical ly s ide  by s ide  and polar ized  oppositely with 
r e s p e c t  to the  preampl i f ier  input. The  r e s u l t  when a n a r r o w  "sl i t"  of light 
p a e s e s  over  the two diodes i s  a n  output s ignal ,  going f i r s t  positive and t h e n  
negative ( o r  v ice  v e r s a ,  depending on  the d i rec t ion  of light t r a v e l ) ,  r e s e m -  
bling a s ingle cycle  s ine  wave. 

The preampl i f ier  outputs a r e  ac  coupled into t h r e e  c o m p a r a t o r s  which 
s e n s e  a positive, ze ro ,  and negative level.  These ,  in conjunction with two 
one-shots ,  produce an  output s ignal  only for  falling z e r o  c r o s s i n g s  which 
cor respond  to  s c a n  a s  opposed to  r e t r a c e .  The  signal  is suppii~*d to  the 
mult iplexer.  

T h e  power supply regu la to r s  for the  in tegra ted  c o m p a r a t o r s  are 
included on the board. In tegra ted  regu la to r s  a r e  used with s e r i e s  p a s s  t r a n -  
s i s t o r s  t o  handle the requi red  c u r r e n t ,  and foldback crlrrent  l imit ing is 
provided. 

2. 1.7 Command and Contro l  T e l e m e t r y  
.- 

2. 1.7. 1 Commands  

T h e  flight subsys tem r e c e i v e s  the following type of command pulse 
f rom the spacec ra f t  command subsys tem:  

1 )  Command pulse  ampli tude -23. 5 & I .  0 volt 

2 )  Command pulse  width 40 i5 m e  

3)  Maximum load c u r r e n t  200 m a  

4 )  Source  impedance  60  *10 ohms  

The MSS flight subs y s t e m  has  i t s  own in ternal  command submat r ix  
!stated i n  the  s c a n n e r  unit, but a l s o  r e c e i v e s  s o m e  commands  d i rec t ly  f rom 
the s p a c e c r a f t  command matr ix .  The i n t e rna l  submatr ix  cons i s t s  of a 6 M A  
x 7 M B  r e a l  t ime  mat r ix  and a 4 MA x 4 MB s to red  command matr ix .  T h e  
command input line i s  grounded. Redundant s t ee r ing  and suppress ion  d iodes  
ate ured on a l l  re layr .  



T h e  flight subsyr tem ir  derigned t o  provide the following outputr t o  
the  spacec ra f t  t e l e m e t r y  submyatems 

I 1 )  Analog 

I Range: 0 t o  -6. 375 volts d c  

I Output impedance:  10 ki lohms m a x i m u m  

Effect ive accuracy :  8 b i t s  

Resolution: 25 m v  

I 2)  Digital (s ingle bit wordr  ) 

I Off condition: -0. 5 *O. 5 volts dc  

I O n  condition: -7. 5 *2. 5 volts dc  

I Output impedance  - on: 1 rnegohm maximum 

I Output impedance  - off: 50 k i lohms maximum 

The  flight subsys tem does  not have the capability t o  s t o r e  t e l e m e t r y  
da ta ,  but the spacec ra f t  t e l e m e t r y  subsys tem h a s  this  capability. T h e  te lem-  
e t r y  cycling period is 16  seconds.  A detai led t e l emet ry  handbook with cal i-  
bra t ion  c u r v e s  and output c i r c u i t r y  descr ip t ion  is contained in Appendix A of 

I 
the  MSS Operat ion and Maintenance M ~ n u a l ,  Vol, 1, Refe rence  H5324-4365. 

I 

2. 1.8 Power  Supplies 

Block d i a g r a m s  of the scanner  e l ec t ron ics  and main  power supply a r e  
shown in F i g u r e s  2-26 and 2-27, respectively.  T r a n s f o r m e r  isolat ion i s  
provided between the ma in  supply and i 1 5  volt supply re turns .  T h e  t r ans fo r -  
m e r  is d r iven  by the s a m e  i n v e r t e r  s o u r c e  a s  the  P M T  supply, Th i s  elirni- 
natee slow modulations o r  "beats t '  i n  the supply outpnts caused by in te r fe r ing  
s e t s  of i n v e r t e r  t rans ients .  An ex te rna l  l ine nc ise  f i l ter  is provided to reduce  
reflected t r ans ien t s  onto the  s p a c e c r a f t  -24. 5 volt l ine  t o  a n  a c c e p t  ble level.  
The d r iven  i n v e r t e r  produces  less spiking than a s tandard  se l f -osc -~ la t ing  
i n v e r t e r ,  s ince  c o r e  sa tura t ion  is not r equ i red  for  oscillation. Regulated 
outputs a r e  obtained using s tandard  feedback c i rcui t s .  

T h e  high voltage power supply configuration is i l lus t r a t ed  in  block 
d iagram form in F igure  2- 28. T h e  output voltage i s  obtained by a fixed 
voltage mul t ip le r  which conver ts  input l eve l s  in the r a n g e  of 117 to  270 volts  
up to 1000 t o  2300 volts with a 5 megohm load. T h e  voltage level  is control led 
by m e a n s  of a feedback loop which divides the output voltage and c o m p a r e s  the  
r e su l t an t  voltage with a -3 .  6 volt reference .  T h e  d i f ference  i s  used to c o r -  
r e c t  the  d r i v e  l eve l  to the  mul t ip l ier  chain. The  output level  is se lec table  
within the r a n g e  from -1000 to -2300 voltr. Th i s  i r  accompl ished by se lec t -  
ing p r e c i s i o n  r e s i r t o r r  which de te rmine  the  level  of the  feedback contro l  
voltage and hence s e t  an appropr ia t e  bias on  the input d r i v e  voltage. 
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Figure 2-29 i s  a summary block diagram which i l lus t ra tes  the 
redundancies in the power system. 

2. 1. G Structural and Thermal  Design 

The instrument 's  packaging configuration ( see  Figure 1-6) is a cylin- 
d r ica l  magnesium casting with the scan m i r r o r  assembly housed a t  one end 
and the aft opt ics /sensor  package mounted a t  the opposite end. The telescope 
assembly is housed inside of the cylindrical portion of the main  f rame,  and 
the electronics chassis  is packaged around the cylindrical portion of the main 
frame. At the scan m i r r o r  end of the instrument, a sun shield surrounds the 
scan drive and scan monitor in roughly the shape of a cylinder, whose axis 
coincides with the b ~ a n  field of view and i s  normal  to the telescope axis.  The 
support post that positions the sun calibrate m i r r o r  direct ly  below the scan 
m i r r o r  pivot axis extends down past the sun shield, but except for the actual 
m i r r o r  mounting bracket, i t s  major  portlon remains outside of the scanner  
field of view to  minimize aper ture  obscuration. The sun shield has been 
designed to mount independently f rom the other subassemblies at the scan 
m i r r o r  end of the f rame in o rde r  to provide easy access  for assembly and 
alignment operations. 

The total weight of the scanner is 105 pounds. The center  of gravity 
is measured during environmental qualification and acceptance testing. The 
moments of inert ia \engineering units) a r e  a s  follows: 

Parameter  Moment of Inertia, lb-in. 2 

I, orbital  13,400 

I, horizontal 

I, ver t ical  

The unbalance angular momentum due to  the rotating shutter wheel end motor 
is 6.35 in-lb-sec. 

2. 1. 10 Mechanical Interface 

The scanner will be l ~ c a t e d  such that the end opposite from the scan 
m i r r o r  points west during the normal picture taking period. It will aiso be 
mounted s o  as to view the nadir within an elliptical cone of *15 degrees  c ross  
orbital  track and i10 along orbital  track. 

The spacecraft  and scanner mounting surfaces  will be flat within 
ai). 035 inch. The spacecraft scanner mounting surface is aligned and drilled 
( ~ s i n g  a n  alignment dr i l l  fixture. The d r i l l  fixture i s  aligned optically to 
within iO. 05 degree about th ree  orthcgonal axes  referenced to the spacecraf t  
axes. Mounting surfaces  may be shimmed a s  necessary and no further align- 
ment should be necessary during acanner inatallation. 

The telercope ax i r  ir not aligned to  the scanner mounting surface,  
but ir measured to  within k0.03 degree with reapect to two orthogonal optical 
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alignment s u r f a c e s  ( m i r r o r s ) .  Telescope misal ignment  data  i s  re la ted  to 
Lhe scanner  mounting surface .  

2 .2  MU LTIPLEXER 

The functional block d i a g r a m  of the mult iplexer is shown in Fig-  
u r e  2-30; a n  actual  photograph of the mult iplexer is shown in  F igure  2-31. 

2.2. 1 Theory of Operat ion 

The  p r i m a r y  function of the mult iplexer is to comrnutate and digi t ize 
analog s ignals  f rom the 24 scanner  sensors .  The  mult iplexer a l s o  genera tes  
and i n s e r t s  the digi tal  codes  into the data  bit s t r e a m  in o r d e r  tha t  the  receiv-  
ing s i te  equipment can de te rmine  each line length for  the  pa r t i cu la r  m i r r o r  
s c a n  rate a t  which that l ine w a s  scanned. 

Dr ive  s ignals  provided to  the scanner  shu t t e r  and to  the scanner  m i r r o r  
a r e  obtained by dividing down f r o m  the  mul t ip lexer  word ra te ,  the reby  a s s u r -  
ing a known in tegra l  number  of words  in  each scan  cycle. Both bit r a t e  clocks 
and digitized d a t a  s t r e a m  a r e  supplied t o  on-board magnet ic  t a p t  r e c o r d e r s  
and t r ansmi t t e r s .  Diagnostic and s t a tus  t e l emet ry  s ignals  are provided to  the 
spacecraf t  t e l emet ry  subsystem. A power regula tor  and dc-to-dc conver te r  
i n  the mult iplexer r emove  t r a n r i e n t r  on  the spacecra f t  bus, provide dc  i sola-  
tion f rom the bus, and genera te  s e v e r a l  supply voltages requ i red  by the 
multiplexer. 

2.2. 1. 1 Commutation 

F igure  2- 32 shows the input portion of the  mult iplexer which organizes  
the incoming video in to  a single pulse  s t r e a m  with ampli tudes corresponding 
t o  the  channel video levels  a t  the ins tant  of sampling. T h e s e  pulses  can then 
be sen t  d i rec t ly  to  the analog-to-digital (AID) tec t ion for binary encoding o r  
d i rec ted  through a nonlinear ampl i f ier  for s ignal  compression.  The  basic 
output bit r a t e  of the mult iplexer is approximately 15 Mbps, and e a c h  digi tal  
word is 6 bits  i n  length, s o  tha t  the word r a t e  is 2.5 MHz. T h e r e  a r e  25 words  
between success ive  samples  of each s e n s o r  signal ,  result ing in a sample  r a t e  
of  approximately 100,000 s a m p l e s  p e r  second for  each s e n s o r  signal. 

T o  provide accura te  A/D conversion of the signals ,  t r ack  and hold 
c i rcu i t s  are used t o  provide a fixed analog voltage to  the 6 bit AID conver ter  
while a conversion is being performed.  While the output of one t r a c k  and 
hold is being held for conversion, the  second t r a c k  and hold is t racking the 
s ignal  which is to be converted dur ing the succeeding word time. T h e s e  
re la t ive  opera t ions  a r e  shown i n  Figure  2- 33. 

2. 2, 1. 2 Digitization 

The A/D conver ter  shown in  F igure  2-34 i s  used to  pe r fo rm one 
6 bit conversion i n  two s teps  - 3 bits a t  a t ime  each word period. The 3-bits- 
a t -a- t ime conver ter  p e r m i t s  two word t i m e s  for set t l ing of the integrated 
c i rcui t  elements.  T h i s  was  done to reduce  s a m p l e  to sample  c r o s s  talk. 
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Each 6 bit conversion is  done in two par t s ,  shown on a time scale in 
Figure 2-35. The first  3 bits or  3 most  significant bits (MSB) a r e  determined 4. , 

during the f i rs t  part of the conversion. The 3 MSB a r e  ured to provide a bias 
level to the X8 amplifier. The output of this amplifier  i s  then used in the 
recond part  of the converrion to  de t r tmine  the 3 l e r r t  signiircrnt bit8 (1,SB). 
The 6 bit word i s  gated sequentially out of the AID converter,  most signifi- 
cant bit f irst .  Each AID conversion is performed with an accuracy of 
*30 rnv, *O. 5 LSB. 

2. 2. 1. 3 Format  

The multiplexer major f r ame  format i s  shown in Figure 1-8.  A 
major  f rame consists of one complete s can l r e t r ace  cycle of the scan m i r r o r ,  
which i s  driven by the multiplexer a t  i t s  frequency of 13. 62 Hz. 

The s ta r t  of the major f rame ie  defined by transmission of a repeated 
6 bit preamble pattern (0001 11.. . ) and i s  initiated in the multiplexer. 
Approximately 11. 5 me af ter  the s t a r t  of the major frame, the start-of-line 
scan monitor pulse (SMF- 1)  will be received from the scanner. At the next 
word t ime, the preamble pattern ceases  and the start-of-line scan monitor 
code, SMC (1 11000), i s  transmitted. Immediately following this code, the 
6 bit minor f rame sync code (MFSC) i s  tranamitt,ed, signaling the f i rs t  minor 
f r a m e  of data transmission of the line scan. A 48 bit t ime code received 
f rom the spacecraft  clock i s  inserted into the data bit s t ream.  Each bit of 
the t ime code i s  transmitted a s  a 6 bit pattern s o  that the code occupies 48 
words of data. Following the t ime code, normal t ransmission of sensor  data 
i s  begun, and the MFSC and i t s  complement a r e  inserted into the data bit 
s t ream in their  proper sequence within the minor frame. 

Sensor data is pre-empted a t  the next word t ime immediately follow- 
ing receipt  of ei ther the e~d-o f - l i ne  ?can monitor pulse (SMP-3)  o r  midscan 
monitor pulse (SMP-2), ( i f  enabled by ground command). A code i s  then 
transmitted depicting SMP-2 o r  SMP-3, which consists ot black level data 
for exactly four rows (100 worde), and thereafter by white level data for 
exactly four rows, af ter  which normal t ransmission of sensor i s  resumed. 
The sensor  data transmitted after occurrence of S M P - 3  will be samples of 
the internal calibration wedge signal during alternate re t races  interleaved 
with black level data when no calibration signal is present. Data transmission 
i s  terminated and a new preamble i s  initiated 73. 42 ms af ter  the previous 
preamble pattern. 

2. 2. 1.4 Sensor Data Coding 

In the multiplexer digitized data s t ream,  bits 3 and 4 of each 6 bit 
digital word a r e  complemented before transmission. This i s  to ensure  a 
minimum average transition density in the event that either a l l  black or  a l l  
white scenes a r e  encountered. The inversion of the two middle bits i s  pro- 
vided for in the internal storage and decoding logic of the A/D converter. 
Since the 6 bit patterns for preamble, start-of-rcan line monitor pulse code, 
and MFSC and i t s  complement contain data tranritions, the two middle bits 
of these patterns a r e  not inverted. 



2. 2. 1. 5 Data  Signal Compres8 ion  

T h e  outputs  of the  24 s e n s o r s  a r e  to  be quant ized in to  64  l e v e l s  p r i o r  I 
t o  conve r s ion  in to  b ina ry  pu l se  code modulation. T h e s e  64 quan tum l e v e l s  I 
a r e  evenly spaced  a c r o r r  the  e n t i r e  4 volt r i g n a l  range.  F o r  s e n e o r r  1 through 1 18 (compr i s ing  bands 1 ,  2, and  3), however ,  this  l i nea r  quant iza t ion  s c h e m e  
is not o p t i m u m ,  because  t h e  no i se  i n  t he  s igna l  d i m i n i s h e s  a s  t h e  s q u a r e  r o o t  
of the signal.  F o r  example ,  a 4 vol t  s igna l  conta ins  twice  as m u c h  r m s  noiae 
a s  a 1 volt  signal.  F o r  t h i s  r e a s o n ,  shaping the  s igna l  a c c o r d i n g  to  a s q u a r e  
roo t  l aw  wil l  equa l i ze  t h e  no i se  throughout  the  r ange  of the  signal.  Af te r  

I 
i 

t h i s  p r o c e s s ,  a l i n e a r  quant iza t ion  wil l  m a t c h  the  quant iza t ion  e r r o r s  b r e -  
c iee ly  t o  the  s igna l  no ise .  

T h e  compreesion amplifier r o n n i ~ t n  of four linear ~ e g m e n t s  which 
approx ima te  the s q u a r e  r o o t  r e s p o n s e  curve .  

2. 2. 2 Analog Mul t ip lexer  (MX05, MX06)  

T h e  ana log  mul t ip l exe r  input  swi tches  s e l ec t ive ly  connec t  24 s e p a r a t ?  
s igna l  s o u r c e s  t o  a p a i r  of s a m p l e  and hold a m p l i f i e r s .  T h e  t iming  for  the 
switching i s  developed by MX22, t he  t iming  sec t ion  of the mul t ip lexer .  T h e  
s a m p l e  and hold a m p l i f i e r s  o p e r a t e  i n  a n  a l t e r n a t e  cyc l e  and the r e s u l t a n t  
"held" vol tages a r e  a l t e r n a t e l y  s e l ec t ed  as the  input  r e f e r e n c e  for  the A / D  
c o n v e r t e r .  

F i g u r e  2-36, t he  mul t ip l exe r  block d i a g r a m ,  shows the a r r a n g e m e n t  
of MXOS and MX06 within the  mul t ip lexer .  T h e  input  swi t ches  a r e  c-losed for  
12 c lock  p e r i o d s ,  and  the se l ec t ed  input  s igna l  i s  s ampled  du r ing  the  7th 
th rough  the  1 l t h  c lock  period.  T h e  s a m p l e  swi tch  is opened a t  the  end of 

I the I l t h  c lock  per iod ,  which is approx ima te ly  66 n s ,  before  t he  input  to  the  
channel  i s  opened. 

I 
! 
! 
I 

An abbrev ia t ed  t iming  d i a g r a m  of an  a l t e r n a t e  c y c l e  of the upper  and  
lower  channel  i s  shown in  F i g u r e  2-37. 

2. 2. 3 R e f e r e n c e  Supply (MX13) 

T h e  r e f e r e n c e  supply  p rov ides  a cons tan t  vol tage t o  the  c o m p a r a t o r s  
and  t h e  3 bit  D / A  conve r t e r .  

T h e  a c c u r a t e  r e f e r e n c e  i s  obtained by us ing  a z e n e r  d iode  d r i v e n  by 
a cons tan t  c u r r e n t  sou rce .  T h e  s t ab l e  z e n e r  vol tage i s  appl ied to  a n  o p e r a -  
t ional  a m p l i f i e r  with p r e c i s e  gain ad jus tmen t  to g ive  the  r equ i r ed  low i n ~ p e d -  
a n c e  p r e c i s i o n  output. 

2 .2 .4  C o m p a r a t o r s  (MX 14)  

T h e  c o m p a r a t o r  s c o m p a r e  the  ana log  s igna l ,  e i t h e r  MX12TOl  o r  
MX17, a g a i n s t  s even  r e f e r e n c e  l e v e l s  f r o m  0.0 t o  +3.5 volts  i n  0. 5 volt  
s t eps .  If the ana log  s igna l  e x c e e d s  the r e f e r e n c e  voltage of a spec i f i c  c o m -  
p a r a t o r ,  t h a t  c o m p a r a t o r ' s  output wil l  be a TTL logic  "1"; i f  i t  is less than  
the  r e f e r e n c e  voltage, t h e  output  wi l l  be a "0". 
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. 2. 5 Data S to re  and Decoding G a t e s  (MS15) I &  
T h e  da t a  s t o r e  anZ decoding g a t e s  p e r f o r m  the  following logic  

functions in  the D/A c o n v e r t e r :  

1 )  S to ree  the c o n p a r a t o r s  uuar;. code  outputs  for  subrrequent 
r eadou t  

2 )  Decodee the s i o r e s  information i n t o  t r u e  b inary  I 
3 )  Outputs  t he  6 bite of e a c h  con-rereion (with bite 3 and 4 

cc n p l e m e n t e d )  a t  s e p a r a t e  ga tes ,  which a r e  s c a n ~ e d  s e r i a l l y  
by t i r i n g  s igna l s  MX21TO4 - TO9 

4 )  Outputs  the  3 MSB of e a c h  conve r s ion  to t he  3 bi t  D / A  conve r t e r .  I 
Input8 MX'3T03 and MX23T04 a r e  t iming  s igna l s  vjhich s e t  and r e s e t ,  r e s p e c -  
t ively, the s t o r a g e  flip-flope for  the p u r p o s e  ~f i > e r t i n g  s e v e r a l  l i n e s  of z e r o  
s c a l e  (b lack)  followed by ful l  s c a l e  (white)  da ta  . a c h  t i m e  t h e  end -o f - scan  s l i t  
pu lse  o c c u r s .  

2.  2. 6 D / A  C o n v e r t e r  (FAX 16) I 
T h e  3 b i t  D / A  c o n v e r t e r  p rov ides  a b ias  c u r r e n t  to the X8 ampl i f i e r .  

T h e  c u r r e n t  h a s  e ight  d i s c r e t e  l evc l e ,  f r o m  0. 0 t o  3. 5 ma, in s t e p s  of 0. 5 t 
ma each.  

! 
T h e  c u r r e n t  is achieve?  by m e a n s  gf a p rec i s ion  r e f e r e n c e  supply I 

which is switched to b ina ry  weighted r e s i s t o r s  th rough s a t u r a t e d  t r a n s i s t o r  
swi t ches  ope ra t ing  i n  'he i nve r t ed  m o d e  f o r  low V EC (eat;' 

2. 2 .7 P r e a m b l e  and Sync Codes  G e n e r a t o r  iMX23) 

T h e  p r e a m b l e  and sync  c o d e s  g e n e r a t o r  p rov ides  va r ious  d ig i ta l  codes  
which enable  the  ground equipment  to  synchron ize  with each m i r r o r  s c a n  a n d  
e a c h  m i n o r  f r a m e  of d a t a  t r a n s m i s s i o n  and i n a e r t e  into the da t a  bit s t r e a m  a 
t i m e  code  r ece ived  f r o m  the  s p a c e c r a f t  clock. 

I 
2 .2 .8 Scanner  T i m i n g  (MX25) I 

T h e  s c a n n e r  t iming  g e n e r a t e s  m i r r o r  d r i v e  and s h u t t e r  d r i v e  s igna l s  
fo r  the s c a n n e r  for  synchroniza t ion  with the mul t ip lexer .  I t  a l s o  p rov ides  
the  s igna l s  r e q u i r e ?  by the  mul t ip l exe r  to d e t e c t  s t a r t -o f - scan  and  end-of- 
ecan  pu l se s  which a r e  rece ived  f r o m  the s c a n n e r .  

2.2.9 High Speed L i n e  D r i v e r s  (MX26) I 
E a c h  l i ne  d r i v e r  c o n v e r t s  a p a i r  of c o m p l e m e n t a r y  t r a n s i s t o r -  

t r a n r i s t o r  log ic  s igna l s  in to  a p a i r  of c o m p l e m e n t a r y  cu r r e r i t  s o u r c e  outputs  
for n o i r e  i m m u n e  t r anumiee ion  v ia  a twis ted ,  shielued pa i r .  



2.2.10 Time Code Receiver (MX30) 

The time code receiver detectr the differential voltage created by 
complementary currant inputr and producer trurrimtor-traaristot logic 
compatible output. 



3. CALIBRATION PROCESSlNG THEORY 

3.1 PURPOSE O F  CALIBRATION SYSTEM 

The purpose of the MSS system i s  to accurately produce images of 
the ear th  from a low altitude satellite. The energy received from the ear th ' s  
surface,  both reflected and emitted,  is sensed and digitized by the system. 
The digitized data a r e  transmitted to the ground where they a r e  recorded 
for la ter  processing. The recorded data a r e  either analyzed directly by a 
computer o r  t ransfer red  f i r s t  to  a photographic transparency. For  mean- 
ingful analysis of the digital information, the co r r ec t  relationship between 
each digital word and the input scene radiance must  be known. Likewise, 
for proper analysis of photographic t ransparencies ,  the density of the film 
must  have a known relatinnship to the scene energy levels. The density of 
film is related to i ts  transmission,  which i s  the ra t io  nf the transmitted 
light energy to the incident light energy, by the formula, Density = log 
( 1 /transmission). 

The ear th  scenes  are identified from the digital data o r  transparency 
by the relative amount of enersry received by the system in four spectra l  
bands. The reflectivity of the ear th  scene,  which var ies  a s  a function of 
wavelength, establishes the energy distribution received by the system. 
The sun's r ays  a r e  scattereti f rom the e a r t h ' s  surface and the system senses  
the energy directed toward it. In the case of agricultural  observables from 
orbi t ,  each comrsadity has  a different energy distribution a c r o s s  the four 
spectra l  bands, which i s  called i t s  signature. Consequently, knowledre of 
the relationships between digital word and film density to scene radiance In 
al l  spectra l  bands i s  of paramount importance to the successful operation of 
the MSS system. 

The MSS system functions a s  a transducer that t ransforms  the energy 
received in each spectra l  ban4 to  a density on a photographic transparency 
a s  shown in Fi-lrre 3- 1. Since there  a r e  24 independent channels in the . 

system,  the t r ans fe r  function i l lustrated in this figure must be determined 
for eat 'I channel. This is neceasary in o rde r  to  produce high quality pictures 
of the ear th  scenes ,  because the s ix  channels involved in making a band 
picture must be well matched in the densit ies which they c rea te  in o rde r  to  
produce a s t r ; ;n-free  picture. Alro,  for signature analysis ,  the t r an r f e r  
function from the scanner input t o  the multipizxer output must  be known 
accurately. Fo r  these reamonr, a calibration rystem is required in the MSS 
system. Fur thermore ,  since the acanner i r  the element sensit ive to change, 
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the calibration sys t em is i n c o r p ~ r a t e d  in it. The calibration sys tem may be 
viewed a s  a device that keeps ~ u r v e i l l a n c e  on  each of the scanner  channels 
and repor t s  periodically on their  statue s o  that knowledge of their  t rans fe r  
functions Can be current.  

3.2 PROCESSING REQUIREME!.JTS 

To produce a perfect  picture of the scene imaged by the scanner ,  the 
t rans fe r  function (i. e . ,  the channel gain and dc offset)  of each of the s ix  chan- 
nels in a band must  be known exactly. This is necessary s o  that the co r r ec t  
film density can be assigned to  the digital words generated by the multiplexer. 
If this condition is  met,  the individual lines in the picture a t  a lmos t  al l  density 
levels will not be discercible. However, i f  the gains and offsets a r e  in e r r o r  
in one o r  more  channels, the individual adjacent lines which should have 
nearly the same scene information will have different average levels  of 
density i n  each line Grid, consequently, will be displayed a s  s t r ipes  in the 
picture. The calibration sys tem is a l so  used in signature analysis to maintain 
accurate  relat ive response between the four bands. 

Over a wide range of shades of gray,  the eye responds to ra t ios ,  
instead of absolute levels. The eye can detect  a sharp-edged junction 
between two fields that differ by little more  than 2 percent in  level. As a 
resul t ,  the calibration sys tem processing techniques have been designed to 
compute the gains of a l l  channels in a band to within a n  uncertainty of 
2 percent peak to peak. Fur thermore ,  based on visual impress ions  of a 
t e s t  transparency, i t  has  been determined that a n  acceptable o f ~ s e t  spread 
in a band for s t r ipe-free  pic tures  is 3 0  mv. This maximum uncertainty in 
the knowledge of the channel offsets has  a l so  been accounted for in the 
processing techaiques. 

3 . 3  CALIBRATION SYSTEM PROCESSING IN L UERAL 

The purpose of the calibration sys tem i s  i determine the gain and 
offset of each channel in a band within the accuracy requirements  stated 
above. The gain and offset a r e  detined in Figure 3-2.  This i s  done by 
processing the gray wedge in conjunction with the sun calibration pulse. 
The sun pulse is  used to modify the gain and offset computed from the gray 
wedge. The processing of the gray  wedge will be considered f i rs t .  

Since the calibration gray wedge i s  different for each scanner channel, 
each gray wedge is processed individually. Figure  3-3  shows the s teps  used 
to obtain the gain and offset for a single channel. The f i r s t  s t ep  in the pro- 
cedure  i s  to  establish the initial (referenc:) gain and offset  of the scanner1 
multiplexer subsystem. This is necessary  because the calibration gray wedge 
can  only provide information to compute the change in gain and offset from a 
previously recorded reference gray  wedge. The integrating sphere ,  which i s  
a radiance rtandard provided by CSFC for MSS calibration t e s t s ,  is a l l  that 



i s  needed to obtain the reference calibration data. Two different radiance 
outputs a r e  used to establish the initial offset. One of thesc two sett ings,  o r  
an average of severa l  sett ings,  i s  used to establish the gars. A reference 
gray wedge is computed during this calibration period by averaging 5 0  gray 
wedges. All these  procedures  cannot be performed mimultaneously but f o r  
shor t  periods the scanner  is assumed to be stable so  that the data are 
assumed to be taken under the s ame  conditions. All subsequent gray wedges 
a r e  compared to the reference gray  wedge and the change in offset and gain 
i s  determined. The gain a s  shown in Figure  3-2 for the scanner /mult iplexer  
ici decomposed a s  follows: 

G = ( 1  +AG)EQ 
sig 

Fo r  the reference gain calibration, AG = 0,  and therefore ,  G = EQsig. The 
parameter  EQsig has  been re fe r red  to a s  the signal equalization factor, but 
i t  is actually the reference gain. The gain was divided in this manner for the 
convenience i t  provides in tracking gain changes. The reference gain, o r  
EQsigr is computed from the following relationship: 

( Q ~ ~ ~  
+ 0 . 5 )  - 0 - r e f  

EQsig - N I 

All parameters  in  this equation a r e  known a s  follows: 

N ' = calibrated radiance of  integrating sphere  

'MUX 
= multiplexer quantum level output for N'  input to scanner  

@ref = computed subsystem offset 

The 0 .5  factor added to QMUX in  Equation 2 i s  needed because the multi- 
plexer i s  nominally biased negatively by 0 .5  quantum levels. This can be 
seen,  for example, by noting that the decision between quantum level 0 and 
quantum level 1 is nominally made a t  a level of 6 2 . 5  mv .  AIl voltages 
between 0 and 6 2 . 5  mv a r e  converted to digital word 0 and all  voltages 
between 62.5 and 125 mv a r e  converted to digltal word 1.  Assuming all 
inputs to the multiplexer a r e  equally likely, the average input that will be 
converted to digital word 0 is 3 1.25 mv. This 31.25 mv average input 
corresponds to 0 .5  quantum levels. Therefore ,  for inputs to the multiplexer 
between 0 and 6 2 . 5  rnv, the multiplexer outputs digital word 0, but the 
average input i s  0 . 5  quantum levels higher. This occurs  a t  a l l  decision 
points and, consequently, a 0.5 quantum level bias needs to be  added to the  
multiplexer output. 

The details  for computing a l l  tne gains,  offsets and gray wedges 
a r e  given below. The procerses  assume the shape of the new c: libration 
gray wedge resul ts  solely f rom a change in  the gain and offset of the 



subsystem 'and not to  any change in the calibration device (NDF, lamp, 
and relay optics). Any change in  the calibration system i s  assumed to be 
correctable with the sun calibration pulse. 

1 3.4 PROCESSING TECHNIQUES 

As was shown in Figure 3-3, two se t s  of data must be known to 1 compute the subsystem gain and offmet; the reference data and the changes 
f rom the reference data. Details of these processes  a r e  explained below. 

I 

The integrating sphere  and a computer a r e  the only pieces bf equip- 
ment needed to obtain the reference data. The reference offset, O r e f ,  i s  
computed from two different nonsaturating radiance outputs f rom the inte- 
grating sphere.  Scanning the integrating sphere  aper ture  c r ea t e s  a .ride0 
waveform approximating the one shown in Figure 3-4. In this figurc, the 
outputs for both radiance levels a r e  superimposed. Either the leading edge 
o r  trailing edge of the two waveforms i s  used to determine the offset. F r o m  
the figurc, i t  can be seen that  the offset  is the point where the extrapolations 
of both edges of the waveforms intersect .  Mathematically, this may be 
described in the following way. If the sys tem output is modeled a s  

I where 

1 Q(i) = the multiplexer output for word i 

I 0 = the unknown subsystem offset ref 

I f(i) = a n  unknown function equal to the output for z e r o  Q 
ref 

And if the basic illumination level of the image i s  changed without changing . . 
i t s  spatial distribution, 

i 
where I 

R = the ratio of thz new illumination level to the original level. 

Then, if Q(i) and Qf( i )  a r e  known for a number of different word counts, using 
the same i o r  word count for both outputs , the offset  can be solved by 
substituting Equation 3 into Equation 4 to obtain 

Qb(i) = ( 1  -R) + RQ(i) 
ref 
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and the constant; A and R a r e  determined by a least  squares  fit on a plot of 
Q(i)  versus  Qi (i),  with R being the slope and A the intercept. The rys tem 
offset .  $IreI, is then es t imated a s  

This technique is used because the individual oifsets of the scanner  
and multiplexer which a r e  calibrated in unit t e s t s  do not add l inearly when 
connected together. Fur thermore ,  negative offsets  a r e  not observable a t  
the output of the multiplexer, since a l l  voltage levels below ze ro  a r e  
quantized to level z e r o  by the multiplexer. 

The reference gain, o r  EQsig, i s  simply computed f rom the knowledge 
of the input radiance which a t  the plateau of the image is a n  accurate ly  known 
function of the integrating sphere  lamps,  the output multiplexer quantum 
level, and the offset of the subsystem. The relationship between these 
parameters  was given by Equation 2. 

I The reference calibration wedge is a n  average of 50 individual gray 
wedges. Figure 3-5 i l lus t ra tes  how this average i s  obtained. Each indi- 
vidual calibration wedge i s  detected and its leading edge i s  assigned a ze ro  
reference for the gray wedge word count. The reason for this is  that the 
t ime interval  f rom the line s t a r t  pulse to the gray wedge may change slightly 
f rom one scan to the next scan on which a gray wedge appears  because of 
scan m i r r o r  and shutter  wheel i r regular i t ies .  The detection procedure is  
shown in Figure 3-6. A total of 30 words in  a row a t  quantum level 32 o r  
grea te r  is needed to a s s u r e  the detection of a g ray  wedge a l t e r  word 4100 
from the line s t a r t  pulse is received. The f i r s t  word received in the  str ing 
of 30 i s  then assigned gray  wedge word 0. 

After the detection of the gray wedge, a table is generated that gives 
the gray wedge word ass ignments  for  a l l  64 quantum levels. This table i s  
generated by counting the number of words f rom zero  which a r e  equal to o r  
exceed each quantum level. Figure  3-7  i l lus t ra tes  this technique for  a 
single gray wedge a t  quantum level 32. The word count is picked up a t  
word 300 and continue6 without interruption to word 305. However, the next 
two digital words received a r e  below quantum level 32 and therefore  a r e  not 
counted. The next digital word is  again above quantum level 32 and so the 
word count i n  incremented by one to 306. F r o m  here ,  a l l  digital words 
received a r e  below quantum level 32 and a r e  not counted. The final resu l t  
i s  that word count 306 i r  ars igned to quantum level 32. This process  i r  
completed for a l l  6 4  quantum levels  of the gray  wedge. 



The' multiplexer 0.5 quantum level biae is eliminated when using this 
technique a s  i l lustrated in Figure  3-8. Fo r  the unquantized gray wedge out- 
put, equivalent quantum level 32 would be assigned to word count W1, and 
equivalent quantum level 31 to  word count W . With the quantized gray 
wedge output, the r e ru l t  will be the r a m s  ur t ng the 64 gray level  computation 
technique. Consider,  for example, quantum level 31 in Figure  3-8, All 
digital words grea te r  than o r  equal to digital word 31 a r e  counted, R O  that 
the count would reach word count W1 before the f i r s t  digital word of 
quantum level 31 i s  received. However, the counting would continue f rom 
W1 to W2, because over  this range a l l  the digital words a r e  a t  quantum level 
31 and must  be counted according to  the algorithm. Therefore ,  quantum 
level 31 woultl be assigned word count W2 a s  before, and consequently, a 
0. 5 quantum level bias does not have to be added to the multiplexer output. 

The procedure to determine the 64 level gray wedge i s  completed 
50 t imes and the 50 word counts corresponding to each quantum level a r e  
arithmetically averaged. The resultant  average i s  called the 64 level g ray  
wedge. This table of word count versus  quantum level for a l l  64 levels 
is  the basic referen: e gray wedge for that part icular channel. R-eference 
data for al l  other g ray  wedge cotnputations for  the channel a r e  derived f rom 
this table. F o r  instance,  after  this table o f  word count versus quantum 
level for a l l  64 levels i s  generated,  eight preassigned word counts a r e  
selected and their  respective quantum levels chosen. This process  requires  
an  interpolation between quantum levels ,  because the 64 level gray wedge 
program determined the word count corresponding to each quantum level,  
while this prc sdure calls  for  the quantum level  corresponding to preassigned 
word counts. 'The eight preassigned word counts a r e  selected to reduce the 
degree of e r r o r  in the computation of the gain and offset from a single word 
count with a practical  number of samples  ( less  than 64). These eight word 
counts differ f rom band to band and from low to  high gain. The location .of 
the words affects  the est imation e r r o r .  The resul t  of this p rocess  i s  called 
the reference 8 level  gray wedge. 

With the techniques for computing the reference parameters  es tab-  
lished, the processing of the subsequent gray wedges and the computation of 
the change in  gain and offset will now be discussed. Figure 3-9 i l lus t ra tes  
this procedure. The reference gray wedge i s  obtained in  the l inear mode; 
thus, a conversion to  l inear  i s  required if the scanner  i s  operating in  the 
compression mode. 'The compression curve is obtained by comparing the 
l inear gray wedge output to  the compression gray wedge output of the scanner 
a t  approximately the same t ime by commanding on the two modes sequentially. 
The 64 level gray wedge program which produces a 50 gray wedge average is 
used to process  each gray wedge as shown in Figure 3-10. The two gray 
wedges a r e  compared on a word count basis.  The compression curve  i s  
determined by: 1) selecting a quantum level output in compression mode, 
2)  finding the word count associated with this quantum level on the compres-  
sion gray wedge, and 3)  finding the quantum level output on the l inear  gray 
wedge associated with this s ame  word count. The las t  s tep  requires  in ter-  
polation on  the l inear  gray wedge to locate the cor rec t  quantum level. 
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Repeating this  p rocedure  for a l l  64 l inea r  quantum leve l s  gives a table of 
l inear  quantum level  v e r s u s  compress ion  quantl:m level ,  which is the  
input-output c h a r a c t e r i s t i c  of the  compress ion  ampl i f ie r .  

Af t e r  ths  complet ion of the c o m p r e r r i o n  t o  l inea r  quantum level  con- 
vers ion ,  i f  reqir ired,  the g r a y  wedze i s  p rocessed  by a n  8 level  g r a y  wedge 
pb ,ogram ivhich i s  different  f rom the one used a t  the output of the 64  level  
g r a y  wedge p r o g r a m  used for the r e fe rence  data in  that  the 8 levels  a r e  
compiled d i rec t ly .  The opera t io r  of this p r o g r a m  i s  given in  F i g u r e  3 -  11. 
The detection of the wedge follows the s a m e  a lgor i thm d:scussed in the 64 
level  g ray  wedge p rogram.  In this p r o g r a m ,  a se . i rch  i s  made for eight  
preass igned word counts and the i r  a e s o c i ~ :  d quantclm leve! outputs in 
each of 50 wedges. The 50 q u a n t ~ m  leve l s  a r e  ave raged  ari thmr+.;cal ly 
a t  each word count and tho resa l t an t  tabl$. is  the new 8 level g r a y  wedge. 

The change in  gain and offset  is determined solely from the E' level  
r e fe rence  g r a y  wedge and the subsequently computed 8 level k ray  w t f g e .  
F o r  each of the 8 word counts  t h e r e  is a quantum level for the  r e fe rence  
wedge and a quantum leve'  for the new wedge. All eight  s e t s  of quantum 
leveln a r e  plotted and a l e a s t  s q u a r e s  bes t  fit at-aight i s  placed through 
them. The slope o i  the s t r ,  '.ght line gives one  plus the change in  gain 
(i. e . ,  r a t io  of m e a s u r e d  gain  to r e fe rence  gain) ,  and the in tercept  on the 
input ax i s  i s  the change in  offset.  F i g u r e  3-9 i l lus t r a t e s  th is  calculation. 

3.5 INGREDIENTS NEEDED FCR L O O K U P  TABLE C O M P U T A T I O N  

The ul t imate object ive is the  c o r r e c t  assigt- .nent  of  f i lm densi ty to  
the input radiance  to the scanner .  The linkup bet.ueen the computed gain 
and offset  of the scanner /mul t ip lexe r  subsys tem and the f i lm densi ty i s  
pe r fo rmed  in  the  digi tal  p r o c e s s o r  try a lookup table.  F i g u r e  3- 12 i l lus-  
t r a t e s  this  F rocess ,  The re la t ionship  berween input radiance  is determined 
f rom 

which has  a l l  known p a r a m e t e r s  in  it. The compress ion  am., ' :  e r  p l y -  
nomial  is used to  make the c o r r e c t  conver.rion for the  c o m p  , or .node. 
The  p rocedure  for  obtaining the compression c u r v e  data was  . .cussed 
e a r l i e r .  Cal ibra t ion  of the digital proc;.ssor and phc to recordc r  act ing 
together  gives a table  of input quantum : .vel v e r s u s  output filni density to  
which a p l y n o m i a l  i s  fit for computat ional  convenience. The G P E  ca l ib ra -  
t ion includes the c r a t e r  lamp,  f i lm, and developer c k a r a c t e r i s t i c s .  l 'he 
inputs r equ i red  to develop the  lookup table a r e  sh rwa  ;,I Figure  3 -  13. 
G a m m a ,  and maximum and minimum fi lm densi t)  a. c Iriputs se lec ted  a s  
des i red  by the u s e r  of the  pictc-res. Now, a l l  the inb;edients  a r e  avai lable  
to a s s i g n  e a c h  6 bit  mult iplexer nutput to a n  a p p r o p r i ~ + e  8 bit GPE digitai  
word. 
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3.6 GENERATION OF LOOKUP TABLE 

The 6 to  8 bit lookup table permits  any one of 256 possible film 
deneities to be aarigned to 8 particular multiplexer quantum level output 
for each channel. An 8 bit CPE digital word was selected pr imari ly  
because the GPE density versus  input voltage level (or  input digital word) 
curve is nonlinear with a slope a t  i t s  center approximately equal to two. 
Therefore, to have a density resolution a t  the center  equivalent to that on 
the edges of the curve,  more  possible density values had to be  made avail-  
able over  the full input voltage range. The problem is to select  the appro- 
priate density given the channel gain and offset and the multiplexer output 
level. In this l as t  s tep  of the calibration process ,  the important considera- 
tion i s  the avoidance of striping in tile pictures. 

Within the band, al l  channels do not saturate  a t  the s a m e  maximum 
light level. Therefore, to avoid str iping in bright scene a r e a s ,  all channels 
in a band must be limited to the lowest radiance that will sa turate  any sensor .  
This point can be explained by Figure  3 -  14. In this figure, it i s  assumed 
that each channel has zero  offset and that the gains of each channel decreases  
in numerical  order .  To simplify the discussion, consider only channels 1 
and 2. At Nhax, channel 1 has an  o u t p t  of 63 and channel 2 an  ontput les  
than 6 3 ,  say 60.  Therefore,  channel 2 is not saturated and i s  capable of 
responding linearly to a higher radiance. However, channel 1 i s  sa turated,  
and any increase in radiance will not increase  the channel 1 output above 
quantum level 63.  If a density, say Dl, is assigned to N;n+x, channel 1 
must continue to bc assigned density D l  a s  the radiance i s  Increased above 

N k a x *  because i t  continues to report  quantum level 63 for the radiance it 
recelvcs. However, channel 2 will report  linearly from q-aantum levels 
60 through 63 a s  the radiance i s  increlsed.  If different densit ies ar.e 
assigned to quantum levels 60 through 6 3 ,  the net result  will be striping a s  
i l lustrated in Figure 3-15. That i s ,  channel 1 will maintain a constant 
density a s  the radiance i s  increased,  and channel 2 will change progressively 
until i t  reaches  saturation and remains a t  a constant density. 

This effect does represent  a loss in signal space and an  increase in 
quantization noise for channels 2 through 6 .  To il lustrate this increase in 
quantization ncise ,  consider channel 6 in Figure  3 -  15. For  .nis channel, 
the full range of input radiance from 0 to Nhax  is quantized into only 40 par t s ,  
instead of 64. This means that channel 6 has more quantization noise :han 
channels 1 through 5 ,  which a r e  divided up into m o r e  parts.  However, to 
achieve s t r ipe-free  pictures ,  this loss  is necessary.  The Loss does decrease  
a s  the gain ai;d offset become more  balanced among the channels, which 
emphasizes the need for  good adjustment of the scanner channels. 

This effect a l so  takes place in a s imilar  way on the lower portion 
of the channel r,eponse curves  a s  shown in Figure 3-16. Because ~f offset 
variations among channels, some channels may reach z e r o  output a t  h igher  
r a d i a ~ t e  inputr than other channels. Fo r  exactly the s a m e  reason a s  
explained above for the upper portion, this causes str iping in the pictures.  



- 
REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR 

8 -. -. 

Figure 3-14. C.iannel Responses  Using Gain 
and Offset Data ! 

. . - . --. .1- .,--... - 
CHANNEL I -. 

L 

CHANNEL 2 . , - 

Figure 3- 15. Striping Effect 

Figure 3- 16. Off s e t  ss Limitation on 
Signal Space for Stripe-free Picturer 



At NA', channel 1 reaches  ze ro  quantum level output, and any further 
decrease  of radiance input would only continue a zero  output response f rom 
the channel. Channel 2, for example, can st i l l  respond linearly to radiances 
below NA: , but if new density assignments were  made to these radiance 
lcvelr ,  rtriping would occur. P re ren t  practice i r  to l imit  al l  s en ro r s  at 
low light levels to  the light level corresponding to quantum level 1 for the 
sensor  with the grea tes t  negative offset. The limit a t  quantum level 1 
ra ther  than zero is  necessary because of constraints on the density l imits 
available. It is  genorally difficult to obtain densit ies outside the range of 
0.3 to 2.0. 

Therefore,  l imits  have now been se t  on the range of input radiances 
in a band which can be t r a ~ ~ s f a r r e d  into the desired l imits ,  Dmin and Dmpx. 
The composite effect. i s  shown in Figure 3- 17. The selection of the denslt les 
to go with the quantum levels in each channel depends on whether a positive 
o r  negative is desired.  If a positive i s  desired,  the N',,, is s e t  equal to 
DTn, and if a negative i s  wanted. Nfmax is assigned to Dma,. The density 
wll then vary a s  a function of radiance a s  follows: 

D = D  
m in 

- Iciamrna, log iNN' ) 
max 

for a positive where gamma i s  positive, and a s  

D = D  
max 

- (Gamma) log (NN' ) 
max 

for a negative where gamma is negative. The proper selection of gamma 
allows the full desired density range to be assigned to the full radiance 
range f rom NfmaX to Ntmin. Constraining gamma to a fixed value will limit 
the density range o r  the radiance range. This i s  i l lustrated in Figure 3- 17 
for a positive. F s r  gamma too large,  only the radiance range between N ' ,  - 
and Nma, will be converted into the desired density range. For  gamma 
too smal l ,  the full radiance range from Ntma, 

N ' ~ i n  
will be converted into 

the denslty range from Dmin to something less  than ,,,. 
With the selection of gamma, Dm,, and Dmin to obtain the desired 

transparency, a l l  information needed to generate the lookup table is  now 
ready. Figure 3- 18 shows how one single multiplexer quantum level is  con- 
verted to the co r r ec t  GDE 8 bit word. The multiplexer output is  converted 
f i r s t  to linear mode, using the compression amplifier calibration curve,  if  
the system is in the compression mode. Then, the co r r ec t  radiance input 
corresponding to the multiplexer output i s  established frorn the computed 
gain and offset of the channel. From he re ,  the d e  3it.i to be assigned to the 
input radiance is  determined from either Equation 9 o r  10, depending on 
whether a negative o r  positive i s  desired.  In this t ransfer  function, the user  



3.7 SUN CALIBRATION PULSE 

may se lec t '  the g a m m a  and maximum and minimum densi ty d e s i r e d  on  ti-te 
film. The dens i ty  is finally used t o  obtain the  G P E  8 bit word by utilizing 
the  ca l ibra t ion  c h a r a c t e r i s t i c s  of the  G P E  equipment. This  p r o c e s s  i s  con>-  
pleted for  a l l  64 mul t ip lexer  quantum levels .  The computer  p r o g r a m  which 
p e r f o r m s  t h e s e  opera t ions  punches a paper  tape  to b e  used in the  G P E  digi tal  

The sun pulse i s  used to  modify the gain and offset  data obtained 
f r c m  the  lam^ cal ibra t ion  sys tem.  In the lookup table  computat ion,  the only 
p a r a m e t e r s  that  change a r e  the gain and offset.  The  total technique just 
d i scussed  above r e m a i n s  the s a m e .  Techniques for process ing the sun ?ulse 
I.ave not yet  been developed. P r e l i m i n a r y  ana lys i s  of this p rob lem indicates 
that  the gain information provided by the sun pulse is probably the  mos t  
significant contr ibution and the e a s i e s t  of the two to compute. The offset  
information provided by the  sun pulse i s  seemingly  ha rd  to de te rmine  and o f  
l e s s  significance. In addition, smoothing of the  sun pulse may be n e c e s s a r v  
to  r emove  effects  o f  tiny optical  imperfec t ions  which tau,- intensity v a r i a -  
t ions a s  the arnall beam of  acceptance  sunlight s c a n s  the  opt.-s.  Also,  ~t has 
been found that  a fa i lure  to r ece ive  the sun pulse during the miss ion  does  
not preclude the possibility of computing the c o r r e c t  gain. A flat scene,  
ave raged  o v e r  many s c a n  l ines ,  c a n  b e  used t o  d e t e r m i n e  ga in  inforr .~at ion.  

4' 

3 .8  LIMITATIONS ! 

p r o c e s s o r  to  p e r f o r m  the ac tua l  6 to 8 b i t  conversion.  I 

The p:-imary l imitat ions a r e  in the capability of the f i lm to produce 
z wide range of dens i t ies  and in the  reduction in signal space  needed to  
produce s t r i p e - f r e e  p ic tures .  The film i s  l imi ted  in min imum densi ty by 
"base fog" and i n  maximum densi ty  by the c r a t e r  lamp. The reduction in 
s ignal  space  w a s  fully d i scussed  e a r l i e r ,  
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Figure 3- 17. Composite Effect 
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4. CALIBRATION DATA 

4 . 1  SCANNER SPECTRAL RESPONSE 

The re la t ive  s p e c t r a l  r e sponse  of each channel  for the prototype ( S / N  
001) and backup ( S / N  002) s c a n n e r s  a r e  given in F i g u r e  4 -  1 and 4-2, r e s p e c -  
tively. T h e s e  f igures  a r e  plots of the  normal ized  voltage output of each  s c a n -  
ne r  channel  v e r s u s  a constant  r ad iance  input a t  d i f f e ren t  wavelengths.  The 
m e a s u r e m e n t s  w e r e  m a d e  with a monochromator .  These  da ta  a r e  the s p e c t r a l  
r e s p o n s e s  of the complete s c a n n e r ,  which i s  the  composi te  effect of the 
s p e c t r a l  retiponses of the  scan  m i r r o r ,  p r i m a r y  and secondary  te lescope 
m i r r o r s ,  f iber  optics ,  opt ica l  f i l t e r s ,  and de tec to r s .  

4 . 2  RADICIMETRIC RESPONSE 

4 .2 .  1 Subsystem Response Versus  Radiance 

The GSFC integrat ing s p h e r e  was used a s  a light s o u r c e  to e s t ab l i sh  
absolute ga in /  sensi t ivi ty for  the scanner .  This  s p h e r e  had boen previously 
ca l ibra ted  with a p r i m a r y  s tandard  a t  GSFC and supplied t o  Hughes A i r c r a f t  
Company for ca l ibra t ion  purposes .  The data genera ted  in  this  ca l ibra t ion  
has been presented  in  the  Acceptance T e s t  Report  (HS324-5 196). This s e c -  
tion s u m m a r i z e s  the data.  

Table  4- 1 is a L i~ t ing  of the radiance  requ i red  for  each  channel  to 
produce full s ca le  s ignals  ( 4 . 0  vol ts )  a t  the  output of the  mul t ip lexe r .  The 
scannc, mode  for  this  t e s t  was  l inea r / low gain. It  i s  d i scussed  in m o r e  
deta i l  in Appendix H of the r e f e r e n c e  r e p o r t .  

Additional impor tant  da ta  der ived f rom the integrat ing s p h e r e  t e s t  is 
presented  in  Table 4-2.  Th i s  data is a listing of nominal  ( o r  r e f e r e n c e )  gain 
ar_d offset  for  e a c h  channel of the  ecanne t .  The scanner  mode  for  this  t e s t -  
ing was  a l s o  l inear / low gain. Th i s  ie  d i scussed  i n  subsect ion  2. 7 . 2  and 
Appendix J of the r e f e r e n c e  repor t .  

4. 2 .2 Integrat ing Sphere  Radiance V e r s u s  Wavelength 

A s  mentioned in the previous sect ion,  the in tegra t ing  s p h e r e  was 
ca l ibra ted  a t  GSFC using a p r i m a r y  source .  A s u m m a r y  of th is  ca l ibra t ion  
data is shown in Table 4-3, 
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Figure 4 -  2. Backup (SIN 002) Relative 5pectr:sl Res- onse 
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Figure 4-2 (continued). Backup 
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TABLE 4- 1. RADIANCE NECESSARY TO PRODUCE F U L L  
SCALE AT THE MULTIPLEXER OUTPUT 

( m w l c m 2  s t e r )  

4.2.3 Gain F a c t o r s  - High Gain t o  Low Gain 

T 

C ha nne 1 

A 

B 

C 

D 

E 

F 

'I'he ga in  f a c t o r s  fo r  the pro to type  and backup s c a n n e r s  i s  p re sen ted  
in  Tab le  4-4. T h e  d a t a  f o r  the pro to type  is b a s e d  on  four  o r b i t s ,  while 
backup i s  based  on  two o r b i t s .  

4.  3 REGISTRATION AND IFOV 

Band 

T h e  r e g i s t r a t i o n  a c c u r a c y  between bands i s  a  function of the  m d l t i -  
p lexer  s ampl ing  seq\;ence, the  s c a n  p ro f i l e ,  and  the f iber  m a t r i x  pa t t e rn .  
The  ins tan taneous  fi:ld of view (IFOV) of e a c h  channel  i s  ob ta ined  f r o m  the 
t e l e scope  focal  length and the  d i m e n s i o n s  of the op t i ca l  f iber  t e r n ~ i n a t i o n s  
in  the f iber  m a t r i x .  Ca l ib ra t ion  da ta  for  a l l  t h e s e  p a r a m e t e r s  fo r  both the 
pro to type  and  backup s u b s y s t e m s  a r e  p re sen ted  in  t h i s  s ec t ion .  

1 

2 . 4 5  

2 . 4 3  

2.34 

2 . 3 3  

2. 39 

2 . 3 5  

4 . 3 .  1 Mul t ip lexer  Sampl ing  Sequence  

The  mul t ip l exe r  s ampl ing  sequence  i s  def ined in F i g u r e  3 of the 
Des ign  R e q u i r e m e n t s  Specif icat ion fo r  MSS Spacec ra f t  Equipment  for  ERTS,  
DR31324-001. The sequence  is p a r t  of the d e s i g n  of the fl ight s u b s y s t e n ~  and 
not ca l ib ra t ion  da t a ,  but i t s  e x i s t e n c e  and  locat ion is s t a t e d  for  the  conveni-  
e n c e  of t hose  ca lcu la t ing  r e g i s t r a t i o n  a c c u r a c y .  

2 

1. 86 

1 .95  

1. 94 

1. 87 

1.92 

1. 96 
I 

4. 3 .2  Scan  P r o f i l e  

T h e  s c a n  prof i le  f o r  t he  pro to type  and backup s c a n  m e c h a n i s m s  i s  
given in  F i g u r e  4 - 3 .  T h e  f i g u r e  is a  plot of the d i f f e r ence  be tween the d i s -  
p l acemen t  function and a t ru ly  Linear d i sp l acemen t  function which p a s s e s  
through the two end  points  of the  c u r v e .  Th i s  f i gu re  w a s  obtained by fit t ing 

3  

1. 84 

1. 68 

1 .73  

1. 80 

1.74 

1. 78 

1 

4 

4. 81 

4. 80 

4 .  76 

4 . .  k 

4.  70 

4 .  70 



TABLE 4-2. SYSTEM NOMINAL GAIN AND OFFSET FROM 
PRETHERMAL-VACUUM TESTING 

C ha nne 1 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 

11  

12 

13 

14 

15 

i 6 

17 

18 

19 

20 

2 1 

22  

2 3 

24 

* -2  - 1 Quantum/mw cm ster 
8 8 

Quantum level  
6 . 

Gain* 

25.4256 

25.044 1 

25.8145 

26.2599 

24.2256 

24.8795 

34.4582 

30.8778 

3 2 . 4 8 3 0  

'12.8372 

33.0025 
I 30.5510 

37.6270 

36. 2802 

38.6872 

34. 7568 

37.3887 

36.5568 

13.9490 

13.8835 

13.8380 

13.7275 

14. 1585 

14. 1595 

Offset+* 

0.4280 

0.7415 

0. 1360 

0.5285 

3.8345 

0.7265 

0.0605 

0.5155 

0. 1050 

0.3605 

0.4345 

0.5830 

0.2365 

0.2515 

0. 3040 

0. 7470 

0.7755 

0.4790 

0.5055 

0.3020 

0. 9910 

0.4275 

1.0745 

0.6890 



TABLE 4-3. INTEGRATING S P H E R E  CALIBRATION - NOVEMBER 197 1 
RADIANCE (rnw/crn2 e t e r )  IN EACH O F  FOUR BANDS 

TABLE 4-4. RATIO O F  HIGHILOW GAIN (G 

Band 

1 

2 

3 

4 

Number of Lampe 

12 

20.951 

37.350 

51.232 

178.667 

C ha nne 1 

1 

2 

3 

4 

5 

Ba'sed on data from four orbi ts  (1, 3 ,  5 ,  7) 

Based on data from two orbi ts  (102, 203) . 

Backup ( S I N  002) 

Range+* 

3. 17 - 3.24 

2.87 - . ' .11 

3 .12 - 3.59 

3. 14 - 3 .71  

3. 15 - 3.23 

3. 16 - 3.33 

3.08 - 3. 14 

2 .49  - 31.2 

3. 15 - 3.29 

3. 14 - 3.42 

3. 16 - 3.38 

3.009 - 3.47 

De Lts 
-3 

0. '37 

0.24  

0 .47  1 
0 .57 

0 .  08 

0.17 

0.06 1 
0 . 6 3  

0. 14 

0 .28  I 
I 

0 . 2 2  1 

0.46 

Prototype (SIN 00 1) 

Range* 

3.06 - 3..47 

3.03 - 3.09 

3.06 - 3.10 

3.009 - 3.05 

2 .99 - 3.02 

1 

1.686 

3.059 

4.242 

14. 847 

4 

7.058 

12.553 

De Lta 

0.41 

0 .06  

0.04 

0.04 

0.03 

0 .42 

0. 13 

0.04 

0 .05  

0.04 

0 .08  

0.06 

I 2.67 - 3.09 

3 

5. 194 

9.218 

12.726 

7 

8 

9 

10 

11 

I 

2 

3. SO7 

6.278 

8.484 

29.676 

2.81 - 2.94 

2 .91 - 2.95 

2.89 - 2.94 

2. 90 - 2.94 

2.88 - 2.96 

2.92 - 2.98 
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a s inuso ida l  function t o  m e a s u r e m e n t s  of the t i m e  i n t e r v a l  f r o m  the  l ine s t a r t  
pu lse  to  the m i d s c a n  pulse ,  t he  l ine s t a r t  to Line end scatz per iod ,  the  s c a n  
angle  given i n  4 . 5 .  3, and the  n a t u r a l  f requency  given i n  4.5. 1. T h e  ana ly t i ca l  

I 
e x p r e s s i o n s  a r e  given in  the f igure .  I 

I 
4. 3 .  3 Fiber Matrix  Pat tern  I 

A polaroid p i c tu re  and a  drawing  of t h e  m a t r i x  a r r a y  with d i m e n s i o n s  
f o r  the prototype and backup f ibe r  m a t r i c e s  a r e  given i n  F i g u r e  4-4. T h e  
d imens ions  o n  the  drawing  a r e  a c t u a l  m e a s u r e m e n t s  which w e r e  m a d e  f r o m  
the  polaroid p i c tu re s .  T h e  d imenaione  m i s e i n g  f r o m  the  d rawing  can  be 
obtained by sca l ing  the new d i s t a n c e s  f r o m  the g iven  d i m e n s i o n s .  

4.3.4 Te lescope  Foca  1 Length 

The  t e l e scope  focal  length fo r  the  pro to type  i s  32 .32  inches  and.  for  
the backup, i t  is 32.4 inches .  

4.4 MULTIPLEXER CALIBRATIOK 

4.4.  1 A I D  Conver s ion  A c c u r a c y  

A table  for  e a c h  s c a n n e r  channel  of t he  input vol tage leve l  c o r r e s p o n d -  
ing to  t he  th re sho ld  between ad jacen t  quan tum l eve l  outputs  i s  given in  
HS324-5210. The da t a  is g iven  in  both the  c o m p r e s s i o n  and l i nea r  m o d e s  
and  a t  d i f fe ren t  t e m p e r a t u r e  l eve l s .  The  th re sho ld  ( o r  dec i s ion )  l eve l  
between ad jacen t  quan tum l eve l  outputs  i s  not  a  d i s c r e t e  vol tage leve l ,  but  
occupies  a  s m a l l  band of vo l tages .  Max imum and m i n i m u m  va lues  for  t hese  
Sands  a r e  g iven  i n  the  t a b l e s .  

4.4.2 C o m p r e s s i o n  Ampl i f i e r  C '  a r a c t e r i s t i c s  -- 
T h e  input loutput  c h a r a c t e r i s t i c s  of the c o m p r e s s i o n  ampl i f i e r  can  be 

obtained d i r e c t l y  f r o m  the  A I D  conve r s ion  a c c u r a c y  da ta  d e s c r i b e d  above .  
A l l  the  da t a  i n  c o m p r e s s i o n  m o d e  g ives  the  r e l a t i onsh ip  be tween input \volt- 
a g e  leve l  and  output quantum Level. The  output  quantum l eve l  c a n  be  t r a n s -  
f e r r e d  t o  output vol tape by us ing  the conve re ion  f r o m  vol tage leve l  to  quan-  
t um l eve l  p re sen ted  i n  the Linear m o d e  da t a .  

4 . 4 . 3  Sampling F requency  

The  nominal  s ampl ing  f requency  i s  100.4 175 k i l o s a m p l e s / s e c o n d .  

4 . 5  SCAN CHARACTERISTICS 

The  c h a r a c t e r i s t i c s  which d e a c r i b e  t h e  s c a n  a r e  the n a t u r a l  f requency  
of the s c a n  m e c h a n i s m ,  t he  tim'e i n t e r v a l  be tween the  l ine s t a r t  and l ine 
f in i sh  pu l se s  (i. e . ,  l i nea r  port ion of s c a n  m e c h a n i s m  s c a n  p ro f i l e ) .  the  s c a n  
angle ,  and  the s c a n  profi le .  M e a s u r e m e n t s  of t h e s e  p a r a m e t e r s  a r e  g iven  
i n  t h i s  s ec t ion ,  excep t  for  t he  s c a n  p ro f i l e  which wae p re sen ted  in  s ec t ion  4 3. 
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b) Backup Lcanne r 

Figure 4-4 (continued). Fiber Matrix Pattern 
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4 . 5 . 1  Natural  Frequency 

The natura l  frequency of the prototype and backup scan  mechanisms 
i s  2 .63  and 2 .72  Hz, respectively.  These  frequencies a r e  accurate  to 
5 percent .  

4 . 5 . 2  Active Linear Per iod  

The t ime in terval  between Line s t a r t  and line fininh pulses for both the 
prototype and backu, units is given in Table 4 -5 .  These  nleasurements  were  
made during the the rmal  vacuum tes t  cycle in  sys tem teat .  

4. 5 .3  Scan Annle 

The scan  angles for the prototype and backup eubsyatem a r e  
11 "32'43" and 11 "3 1'0". respectively.  

4 . 6  SUN CALIBRATION SYSTEM 

The sun calibration sys tem consists  of a four-faceted m i r r o r  and  a n  
entrance aper tu re  for each m i r r o r  facet.  The charact .? r is t ice  of this sys tem 
a r e  presented in this section.  

? i B L E  4-5.  ACTIVE LINEAR PERIOD DURING THERMAL 
VACUUM TESTS FOR PROTOTYPE AND 

BACKUP SUBSYSTEMS 

Backup 

8 

32 .4  

3 2 . 3  

4 

3 2 . 3  

+. 

32 .3  

3 2 . 2  

t 
L 

Teat  

6 

5 

10 

15 

20 

25 

30 

3 5  

40 

* 
Data not taken 

J A 

Prototype 

32. 1 

r ~ :  

32. 1 

32. 1 

3 2 . 0  

3 2 . 0  

32 .0  

* 
3 1 . 9  



Figure 4-5. Prototype Sun Calibrate Witness Mirror 



4.6.1 Aper tu re  Dimensions 

The prototype and backup eun ca l ib ra te  a p e r t u r e s  a r e  a l l  within the 
l imi ts  of 0.0196 to  0.020 inch. This  var ia t ion  produces  a maximum spread  
i n  s u n  s ignal  of a2 percent .  

4.6.2 M i r r o r  Reflectance 

The s p e c t r a l  r e sponse  of the  ref lec tance  of t h r e e  wi tness  m i r r o r  
Sam ~ l e s  for the  prototype four-faceted m i r r o r  is presented in F igure  4 - 5 .  
The backup ref lec tance  da ta  is approximately the  s a m e .  A v e r a ~ i t r g  the 
t h r e e  curves  over  the  four  bands g ives  the ref lec tance  data  shown in 
Table 4-6. 

4.6.3  M i r r o r  Alignxnent 

The m e a s u r e d  elevation and az imuth angles  fo r  the  prototype and 
backup sun  ca l ib ra te  m i r r o r s  a r e  presented i n  Table  4-7. The angles a r e  
defined in F i g u r e  4-6. The nominal  value s t a ted  i n  the  table for  r e f e r e n c e  
information has  a specif ied to le rance  of M. 5 degree .  The m e a s u r e m e n t  
accuracy  is less than 5 minutes .  

4.7 INTERNAL CALIBRATION SYSTEM 

The in te rna l  ca l ibra t ion s y s t e m  u s e s  redundant tungsten lamps and 
a neu t ra l  densi ty f i l t e r  (NDF). These  e lements  a r e  considered here .  

4.7. 1 Spec t ra l  Distr ibution of Tungsten Lamps  

The s p e c t r a l  distr ibution of the  tungsten lamps used in  the prototype 
and backup s y s t e m s  w e r e  not m e a s u r e d .  However, a typical  spec t rum for 
the  type of tungsten lamp with f i l t e r s  used in  t h e s e  units  is presented in 
F igure  4-7 for r e fe rence .  

TABLE 4-6. REFLECTANCE FOR EACH BAND FROM 
WITNESS MIRROR SAMPLES FOR 

PROTOTYPE SCANNER 

Bond 

1 

2 

3 

4 
C 

Reflectance 

0.85 

0.90 

0.88 

0.86 
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T A B L E  4-7. SUN CALIBRATE MIRROR ALIGNMENT ANGLES F O R  
P R O T O T Y P E  AND BACKUP UNITS 

4. 7 .2  N e u t r a l  Dens i ty  F i l t e r  I 

F a c e t  No. 

1 

2 

3 

4 
B 

T h e  dens i ty  v e r s u s  s h u t t e r  whee l  a n g l e  c h a r a c t e r i s t i c s  of t h e  X D F  a t  
t h r e e  d i f f e r en t  wavelengths  a r e  g iven  in F i g u r e s  4 - 8  and  4 -9  for the  p r o t o -  
type  and backup un i t s ,  r e spec t ive ly .  T h e  wavelengths  u sed  for  t he  m e a s u r e -  
m e n t s  a r e  0 .533 ,  0 . 8  and  1 . 0  m '  ~ c r o n .  

4 . 8  T E L E M E T R Y  CALIBRATION I 
A l l  the t e l e m e t r y  ca l i b r a t i on  d a t a  fo r  the  pro to type  il lght s u b s y s t e m  

i s  contained in t he  F l igh t  Equ ipmen t ,  Ope ra t i on  and  Mhin tenance  M a n ~ a l .  
Volume 1. The  backup t e l e m e t r y  c a l i b r a t i o n  d a t a  i s  essentially the  s a n . e ,  s o  
tha t  t he  pro to type  d a t a  c a n  be  u sed  f o r  backup with negl igible  e r r o r .  

A z i m u t h  

4 .9  S P E C I A L  ENGINEERING MODEL SUN CALIBiiATE MEASL-REMESTS 

Eleva t ion  

Nomina 1 

26' 

32" 

38" 

44 ' 

The r e s p o n s e  of the  s u n  ca l i b r a t i on  function o f  :he MSS Eng ine r r in r :  
rA7del was m e a s u r e d  a g a i n s t  the  s u n  in  a  s e r i e s  of t e s t s  p e r f o r m e d  a t  c n t .  
J e t  P r o p u l s i o n  L a b o r a t o r y  T a b l e  Mountain Fac i l i t y .  

Nomina l  

19'  

19"  

19'  

19"  

T h e  s o l a r  s p e c t r a l  i r r a d i a n c e  th rough the  a t m o s p h e r e  was  n l e a  sl;rt.d 
a t  t h e  s a m e  t i m e  by GSFC p e r s o n n e l  with equ ipmen t  which  had been  used  In a 
p r o g r a m  of a i r b o r n e  s o l a r  m e a s u r e m e n t s  * F u r t h e r  in format ion  on the  
i n s t r u m e n t s  can  b e  found in t he  r e f ~ r e n c e d  a r t i c l e .  T h e  p a r t i c u l a r  i n s t r u -  
m e n t s .  and the e x p e r i m e n t e r s  who o p e r a t e d  t h e m  a t  Tab le  hlountain.  .we re  
t he  following: 

P r o t o t y p e  

25'59.35'  

31'57.00'  

37'51.50'  

43 '51.50 '  

I ) P e r k i n - E l m e r  m o n o c h r o m a t o r ,  M. P. T h e k a e k a r a .  A .  Winker .  I 

P r o t o t y p e  

19'3. 75'  

19 '3 .75 '  

19 '3 .75 '  

19'3. 75'  

Backup 

25 '51.80 '  

31 '49.30 '  

37 '48.70 '  

43O50.20' 

0 

2)  A n g s t r 6 m  p y r h e l i o m e t e r  7635, C. H.  Duncan.  I 

Backup 

19'3. 70'  

19"3 .701  : 
I 

19'3. 70'  , 

1 q G 3 .  70'  

... -,. 
T h e k a e k a r a ,  Kruge r  and  Duncan. Appl .  Opt.  8. 1713 ( 1  969).  







3) L e i s s  monochromator ,  S. P a r k e .  

The data  was  reduced by the e x p e r i m e n t e r s  and has been furnished f o r  use in 
scanner  data reduction. 

The scanner  output voltage is the in teg ra l  ove r  wavelength of the 
product of var ious  scanner  cons tants ,  the  normal ized  s p e c t r a l  r e sponse ,  
the  s o l a r  s p e c t r a l  i r r a d i a n c e  a t  the  s c a n n e r ,  and o the r  s o l a r  c h a r a c t e r i s t i c s .  
If the r a t i o  of voltage under the a tmosphere  to  voltage outside the a tmosphere  
i s  formed,  for  t h e  scanner  field of view centered  on the  a o l a t  d isk ,  a l l  fac tors  
cancel  out  except  thoee which a r e  wavelength dependent,  leaving the  form: 

w h e r e  

V = voltage under the  a t m o s p h e r e  

R ( A )  = the normal ized  s p e c t r a l  r e sponse  of the scanner  

H ( A )  = s o l a r  s p e c t r a l  i r r a d i a n c e  under the a t m o s p h e r e  

Subscript  o indicates outside the a tmosphere .  

A typical  R (I) was se lec ted  for  e a c h  band and the indicated integrat ions p e r -  
f o r m e d  using H ( A )  values  supplied by D r .  Thekaekara .  Tb- resul t ing  ra t ios  
appear  in Table 4-8. 

F r o m  Table 4 -8  a s e t  of a tmospher ic  extinction coefficients was  gen- 
e r a t e d  sat isfying the equation 

where  

K = extinction coefficient 

Z = sun zenith angle 

The values of K a r e  tabulated, including a v e r a g e s  fo r  e a c h  band, in 
Table 4-9. 

Equation 2 was  used t o  t r ans la te  a l l  voltage m e a s u r e m e n t s  outside 
the a tmosphere .  



TABLE 4-8 .  ATMOSPHERIC TRANSMISSION 

\ 

TABLE 4-9.  EXTINCTION COEFFICIENT 

r 

MSS Band 

1 

2 

3 

4 

T h e  m e a s u r e m e n t s  m a d e  m a y  be s u m m a r i z e d  a s  follows: 

1) T e s t  conditions: 

a) Scanner  on  the  s p e c i a l  mount ing  d e s c r i b e d  above  

b)  The main  a p e r t u r e  w a s  cove red ,  giving no  s igna l  

C )  Scan m i r r o r  ope ra t ing  

d )  Rotatlng s h u t t e r  ope ra t ing  

e )  Low gain 

2) T e s t  p rocedure :  

a )  Select  a  r e p r e s e n t a t i v e  channel  i o r  e a c h  band 

b) Pho tograph  output  f r o m  the  ca l ib ra t ion  wedges  

1 

Sec  Z 

MSS Band 

1 

2 

3 

4 

1.4 

0.817 

0 . 8 8 1  

0.923 

0.905 

Sec  Z 

1.5 

0.804 

0.873 

Q. 919 

0 .899 

d 

1 . 6  
3 

0.793 

0.866 

0 .912 

0.893 

A v e r a g e  ! 
t 

0. 1461 
1 

0.0908 ! 

0.0569 
I 
I 

0.0707 ! 
--i 

1 . 6  

0. 1443 

0.0906 

0.0578 

0.0708 

1.4 

0. 1493 

0 .091 1 

0.0562 

0.0706 

1.5 

0. 1448 

0.0908 

0.0568 

0.0708 



c) M e a s u r e  sun  output on the  channels  for  each  of the 
four eun ca l ib ra te  channels 

d)  Repeat  ( c ) ,  and photograph the oun pul re  in  e a c h  
c a s e  

e )  On one facet ,  m e a s u r e  sun output for  a l l  channels 

f )  Measure  the sun a p e r t u r e s  

Severa l  repet i t ions  of ( c )  above were  made a t  different  t imes .  The 
values of output voltage obtained w e r e  t r ans la ted  outside the a tmosphere  a s  
desc r ibed  above and a l l  r u n s  averaged.. These  w e r e  then c o r r e c t e d  fo r  the 
a p e r t u r e  s i z e ,  t o  the nominal  a p e r t u r e  used in the prototype and backup 
s c a n n e r s ,  and then c o r r e c t e d  to nominal gain ( 4 . 0  volts for  the specification 
maximum scene) ,  using the  l a s t  avai lable gain m e a s u r e m e n t  (5171).  The  
r e s u l t s  of th is  p r o c e s s  a r e  shown in Table 4-  10. The facet numbering s t a r t s  
with the one n e a r e s t  the X axis .  The "calculated fraction" column of this 
table r eau l t s  f rom cor rec t ing  values previously calculated* to the prototype - 
backup a p e r t u r e  s i z e s .  The agreement  between the c o r r e c t e d  m e a s u r e d  
values and the  calculated valuos i s  r e m a r k a b l e ,  considering that  the m e a s u r e -  
men ta  w e r e  m a d e  only t o  the n e a r e s t  5 pe rcen t .  

The m e a s u r e m e n t s  of ( e )  in  the above p rocedure  w e r e  pe r fo rmed  
twice,.  and the r e s u l t s  used a s  a n  indicat ion of gain re la t ive  to nominal shown 
i n  TaqLe 4 - 1  1. F r o m  th is  table ,  the a s sumed  re la t ive  gain of channel  1A m a y  
be  higit, s ince  the o ther  channels  a r e  a l l  high compared to the previously 
measu3:ed gain. This  comment  would a l s o  apply t o  channel 2A. 

TABLE 4- 10. PREDICTED SOLAR RESPONSE O F  MSS SCANNERS FROM 
ENGINEERING MODEL TESTS AND FROM CALCULATIONS 

* 
J. Lansing, "Sun Calibrat ion Signals,  " SBRC Memo HS324- 1967A. dated 
22  December  197 1. 

4-3 1 

Spect ra l  
Band 

1 

2  

3 

4 
* 

Frac t ion  
o f 

Fu l l  Scale 

0 .69  

0 . 6 8  

0 . 6 1  

0 . 4 4  

1 

Calculated 
F r a c t i o n  

, 0 . 6 8  

0. 72 

0.  64 

0 . 4 6  

C o r r e c t e d  Exoatmospher ic  Voltage 

Average  

2. 77 

2. 72 

2 .44  

1.75 

F a c e t  1 

2. 83 

2.77 

2.48 

1. 76 

F a c e t  4 

2 . 8 0  

2.75 

2 . 5 0  

1 .73  

F a c e t  2 

2. 71 

2. 68  

2. 38 

1. 71 

F a c e t  3 

2.74 

2 .69  

2 .40  

1. 79 



TABLE 4- 11. ALL- CHANNEL MEASUREMENTS 

I 

Relative G a i n  
a s  Measured 
inApr i l  1971 

0.99 

0 . 9 8  

0 .97  

1 .  03 

0 .98  

0 . 9 9  

0 . 9 6  

0 . 9 8  

Relative 
Gain:: 

1991 
1.01  

1 .03  

1. 16 

1. 23 

1 .03  

10.961 
1.  08 

0 . 9 5  

0 .97 '  

0 . 9 9  

1 .02  

0 . 9 7  0 m q 6  I 
0 9 5  0 . 9 8  1 1 

0 . 9 9  

0 . 9 6  1 
- - I 

j 
- - ! 

I 

1.20  I 

1 .  27 

1 . 0 6  

Noisy  

Band 

1 

2  

The boxed value is aesumed  and the other values in  the band are  re lat ive  
t o  i t .  

0.  99 

1 .  04 

1 .  08 

1.  24 

fi] 
1.02  

0. 87  

0 . 9 9  

0 .94  

1.04 

1.03 

0 .95  

1.12 

1. 29 

Noisy 

Channel 

A 

B 

C 

D 

E 

F 

A 

B 

Corrected  Voltage 

3 

4 

.)I .,' 

C 

D 

E 
F 

A 

B 

C 

D 

E 

F 

A 

B 

C 

D 

E 

F 

Average  

2. 71 

2. 76 

2. 82 

3. 17 

3 .35  

2. 82 

2. 46 

2 .88  

1st Run 

2.82 

2.93 

2 .92  

3. L7 

3 .50  

2 . 9 3  

2 .61  

3 .02  

2. h4 

2. 72 

2. $8 

3 . 3 1  

2.29 

2.44 

2.08 

2 .36  

2. 24 

2 .40  

1 .87  

1.71 

2 .02  

2 . 3 3  

1 . 9 2  

Noisy 

Exoatmorphere 

2rd  Run 

2.60  

2. 1.0 

2.72 

3 .07  

3. 19 

2. 72 

2. 52 

2.74 

2. 71 

2. 81 

3 . 0 2  

3 . 4 4  

2. 28 

2 .48  

2 .08  

2. 38 

2 .28  

2. 58  

1. 82 

1. 62 

1. 92 

2.32 

1. 92 

Noisy 

2 . 5 7  

2. 63 

2. 74 

3. 18 

2.30 

2 .4  1  

2 .09  

2 .35  

2.20 

2 .4  1 

1.92  

1. 81 

2. 13 

2.34 

1.92 

Noisy  
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R ~ O I S ~ ~ L . M I L ~ T Y  OF THE ORIGINAL PAGE IS POOR.  .& 
, - -- - p. L" 

,.:., . A, - . - -  

The photographs of step 4 of the procedure a r e  shown in Figure 4-10. 
The general  shape and width of the pulses a r e  a s  expected. The depar tures  

I f rom sn~oo th  shape, aside frsm the electronic noise, which i s  part icularly 
obvious in band 4, appear to be cbured by dirt and defectr in the opt ies.  The 
points in the optics t raversed by the rays  producing the different pictures of 

1 Figure 4-10 a r e  not necessari ly the same. Fo i  different facets the points 
a r e  necessar i ly  different. 

I 8 )  Sun ?ulm, Chbnml *A, 2/27 0.6 vlcm 0.6 mUcm 

I b) Sun Puhm. Chrnml2A. 2/27 0.6 vlcm 0.6 W c m  

I 
I r) Sun ?uW, Chmml 3A. 2/27 0.6 vlcm 0.6 W c m  

Figure 4-10. Sun Pulse  Photographs. S~alc 0.5 volts and 
0.5 ma P e r  Major Reticle Divirions. 



REPRODUCIBILITY OF THE ORIGINAL PAGE IS P ~ O R .  
:<i? 

In F i g u r e  4- 1 1 the  scanne r  pointing w a s  changed s l igh t ly  between the 
two p i c tu re s  s o  that  the s u n  pulse  w a s  shif ted,  while the d i p  in  the s u n  pulse 
r e m a i n e d  a t  the s a m e  point,  a e  indicated by the t i m e  r e l a t ionsh ip  to  the end-  
o f - s c a n  pulse ,  a l s o  on the photographs .  

F i g u r e  4 -12  shows a n  a r e a  of the  s c a n  se l ec t ed  for obvious de fec t s ,  
by moving  the s c a n n e r  pointing about  while obse rv ing  the osc i l loecope .  
L a t e r  the s c a n n e r  w a s  s tudied  v i sua l ly  and  a n  a b r a d e d  a r e a  w a s  appa ren t  on 
the p r i m a r y  m i r r o r  a t  the locat ion th i s  s u n  r a y  would r e f l e c t  f rom.  

The Engineer ing  Model  op t i c s  w e r e  n o t i c ~ a b l y  d i r t y ,  and Less of the 
va r i a t i ons  obse rved  i n  t h e s e  p i c t u r e s  would be r>:pected i n  the  fl ight 
(SIN 001, 002) uni t s .  

F i g u r e  4- 1 1. Sun P u l s e s  Showing S ta t iona ry  Defec t  and 
E n d  of Scan  

F i g u r e  4-12. E x a m p l e  of Defect. 
E n d  of Scan Pulee Shown 



5. PERFORMANCE EVALUATION 

A comprehensive evaluation of the MSS subsystem performance has 
been accomplished during the environmental qualification and acceptance 
testing of two MSS subsystems; i. e. , the prototype subsvstem (SIN 001) 
and the backup subsystem (S/N 002). The resul ts  of these tes t s  a r e  
summarized in this section. More corr2lete  detail^ may be found in the 
Environmental Qualification Test  Report (H5324-4859) and the Enlrironmental 
Acceptance Test  Report (HS324-5 196). 

5.1 PROTOTYPE SUBSYSTEM (S/N 001) TEST PROGRAM 
SUMMARY 

The environmental qualification test  program was initiated with a 
low-level sinusoida! vibration tes t  of the scanner to determin,: structural  
resonances and provide some conf idenc~ prior to qualification level vibra- 
tion. This tes t  was followed by establishment of a p re -e~vi ronrnenta l  per-  
formance baseline in the long form performance tes t  QLFPT) .  This was 
followed by environmental exposure (EMI, vibration, and thermal  vac11ar-n) 
and was concluded with a final performance baseline L,FPT pr ior  to delivery 
to the spacecraft.  

The performance during the subsystem environmental qualification 
testing was verified by extensive measu-ements of al l  significant pe.-larm- 
ance parameters  a t  regular intervals throughout the t e s t  program. Measure- 
mentb were  made before and after every environmental exposure and during 
those exposures where in-orbit operation i s  required (i. e .  , E M 1  and 
thermal vacuum). 

Some anomaliee were  uncovered during vibration and thermal- 
vacuum exposures which required rework and retest .  Performance measure- 
ments made a t  the completion of the rework and retes t  indicated that the 
revised configuration suffered no detectable degradatior. o r  significant per-  
formance anomalies either before and after or  during environment--1 exposure. 
The subsyster exhibited no performlnccl at:omalies during subseq:lent 
spacec raft environmental testing, which included acceptance vibration, 
EM1 interference tes ts ,  and two thermal-vacuum exposures.  Performance 
measuremento made a t  the conclusion of spacecr* ': tasting prior to shipmsnt 
to WTR verified tkat performance was essentially unrhangcd from the t ime 
of completion of s ubsys tern environmental t e s t i ~ g .  



Two significant deviations to the planned subsystem environrne-tal 
test sequence were  required because of performance anomaiies. The 
planned three axis  qualification vibration tes t  was interrupted af ter  the Z 
znd Y-axis and before the X-axis vibrations because of the failure of a 
relay in the scanner. The relay was replaced and the scanner successfully 
completed the X-axir vibration. An exhaustive review of the failed rciay 
revealed no compcaent o r  system design deficiencies; however, a redundant 
relay was subsequently designed a d  assembled into the sys tem t2  provide 
additional reliability. 

The second major deviltion to the planned tes t  program was the 
division of the thermal-vacuum test  into two exposures because o i  three 

~ a j o r  problems; i. e. , impraper scan monitor performance,  ;. PXfT iai lure 
.n channel 13, and marginat signal-to-noise performance. Tt  c scan monitor 
anomaly was the result  of ~n i t i a l  optical-mechanical misalignments caused 
by improper m e ~ h a n i c a l  interface between the sun shield and the scanner 
structure.  T h ~ s  initia! misalignment caused a mechanical distortion which 
was aggrevated by thermal gradients a t  the cold temperature  extremes in 
thermal-vacuum. The mechanical interface was redesigned to  provide a 
more  precise mechanical interface fit; performance during ;r snecial thermai 
cycle test  and during the second thermal-vacuum exposure --erified that t5e 
scan monitor met a l l  operational requirements. 

The PMT failure (a  cracked glass  envelope) was at'ributed to 
mechanical stresses caused by thermal expansion action c i  the conetic 
shield, epoxy ca>ating, and glass  envelope. The crack occurred because of a 
envelo-,. scratc.1 incarred in the manufacturing proceqs which, on this ;Mr- 
ticular assemblk-, was ser ious  enough to resul t  in  a failure.  A comprehensive 
review of the clanufacturing processes  and thermal  cycling data on all other 
P M T  assemb!ies indicated a low probability of occurrence of s imi la r  failures 
in remainin); PMT assemblies.  Channel 13 PMT was replaced and perfor- 
mance was verified during the second thermal-vaccum exposure. 

The signal-to-noise anomaly was caused by 100 kHz noise interfer-  
ence in tne video outputs which were  generated in the inver ter  of the scanner 
power supply. Isolation of this noise from the video was achieved by reducing 
the inv*:rter switching cur ren t  transient (by adding an  inductor current  
l imiter)  and isolating the high voltage power s u p ~ l y  from the inverter iS! 
adding ar. isolation transformer).  Signal-to -noise performance ver iiication 
was acco?nplished by measurements in a l l  channels a t  many different Iic'nt 
levels ir. a!l modes of operation during the second thermal-vacuum esp>i;.:re 
and in ?he post thermal-vacuum LFPT. 

r. miring thz second thermal-vacuum exposure,  intermittent a r c  in$ 
observed in the vidso output a t  channel S resulted in the replacement oi the 
P M T  af ter  thermal-vacuum. This failure was due to a break in the high 
voltage lead to the PMT, which pressed the shield sufficiently c lose  to the 
center conduct-r to 4 :se intermittent arcink.  The break apparently\occurred 
sometime during thc assembly of the scanner; a n  examination of a l l  other 
PMT assemblies  a t  the t ime of replacemert  verified that s imi la r  problems 



were  not present. Performance verification under thermal-vacuum conditions 
was accomplished aubsequently during two exposures a t  the spacecraf t  level. 

5.2 PROTOTYPE SUBSYSTEM (S/N 001) PERFORMANCE RESULTS 

Performance evaluation during the environmental t es t  program was - - - 
accomplished through a n  extensive se r i e s  of repetitive performance measure-  
ment before, during, and af ter  each environmental exposure. This provided 
a continuous assessment  of performance and resulted in a massive quantity 
of measurement data under a l l  types of conditions. The historical  perfor- 
mance during significant events in the test  sequence i s  contained in the 
Qualification Tes t  Report; however, Table 5-  1 compiled from the final L F P T  
pr ior  to spacecraft  delivery, represents  performance which can be  expected 
in orbit  under operational condition. 

5 . 3  BACKUP SUBSYSTEM (Six 002) TEST PROGRAM SVhIMARY 

Subsystem S/N 002 environmental acceptance tes t  program was 
initiated with the L F P T  which established the pre-environmental perfor- 
mance baseline. This was followed by environmental exposure (vibration, 
thermal-vacuum, and EMI) and was concluded with the final periormance 
haseline L F P T  pr ior  to delivery. The MSS subsystem was then delivered 
to GSFC for special magnetic radiation and moment tes t s  and fina1Iy delivered 
to  the spacecraft  contractor 's  facility. 

As in the tes t  program for S/N 001, the performance of S/N OOL 
was verified by extensive measurements  of a l l  significant system param- 
e t e r s  a t  regular intervals throughout the environmental tes t  program. 
Measurements were  made before and af ter  every environmental exposure 
and during those exposures where in-orblt operation i s  required: i. e. , 
thermal-vacuum and EMI. These measurements  indicate that the subsystem 
suffered no detectable degradation o r  significant anomalies e i ther  before and 
af ter  o r  during envirocrnental exposure. 

Cne significant aeviation from the planned environmental tcst  sequence 
was required. The planned thermal-vacuum exposure was divided into two 
separate  exposures because of an  optical /mechanical misaiignment in the 
scan monitor subsystem which resulted in a performance anomaly when the 
system was exposed to cold temperature  extremes (only in redundancy 
configuration B). The subsystem was removed from the environment and 
alignment was improved to provide more  margin a t  nominal temperatures.  
The MSS subsystem was then reexposed to the thermal-vacuum environment 
and satisfactorily met  a l l  scan monitor and other performance requirements. 
A minor anomaly in the scan monitor was noted a t  the cold temperature 
extremes; however, i t  was not considered significant because it would not 
influence mission performance; fur thermore,  adequate margins were  
demonrtrated a t  operational temperature extremes.  
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An additional adjustment, (i. e. , the inter.aa1 calibration sib nai l eve l )  
was made to the subsystem configurationnear the beginning of the er viron- 
mental testing. After a s e r i e s  of t es t s ,  i t  was concluded that a nlorz cpti- 
mum tradeoff of dynamic range in this signal could be achieved betwe 1 the 
low and high gain modem. Thir adjurtment w&r not the reault  of any dc gra -  
dation o r  environmental exposure and may possibly have been zi:ceptable 
without readjustment. However, to ensure  grea te r  margin under a l l  e>.pected 
environmental extreme8 ( temperature ,  vacuum, etc. ), the adjustrnt at  was 
made to provide an increased dynamic range in the high gain mode. The 
performance a t  the adjusted level was verified during both thermal-vacuum 
exposures. The adjustment required a change to the value of one res is tor .  

5.4 BACKUP SUBSYSTEM (S/N 002) PERFORMANCE RESULTS 

Based on the measurements made during the acceptance tes t  program, 
Table 5 - 2  has been compiled to i l lustrate the character is t ic  performance of 
MSS subsystem S / N  002. Performance measurements  were  made under a 
wide variety of conditions ( temperature ,  p ressure ,  electromagnetic radiation, 
etc. ); Table 5-2 i s  a composite summary which is i l lus t ra t ive of the per-  
formance which can be expected in orbit.  

5 . 5  TYPICAL SIN AND MTF PERFORMANCE 

The SIN performance indicated in Tables 5-1 and 5 - 2  i s  a summary 
of measurements made on a l l  24 channels. Typical measured signal, noise, 
and S/N values for each of the 24 channels under a l l  modes of operation for 
subsystem S/N 001 and 002 a r e  included in Tables 5 -3  and 5-4, respectively. 
The measurements have been made from the subsystem response to specific 
radiance inputs available f rom the tes t  collimator. 

The collimator calibration was changed between measurements  made 
on S/N 001 and S/N 002, making the radiance inputs slightly different. 
Althor~gh a precise  quantitative comparison i s  not directly possible, the 
radiance differences a r e  so smal l  that a direct  comparison can be made for 
a l l  practicd.1 purposes. 

Similarly,  the MTF performance illustrated in Tables 5-  1 and 5-2 
is  a summary of measurements made on al l  24 channels. Typical measured 
values of MTF for both subsystems S /N 001 and 002 a r e  included in Tables 
5-5  and 5 - 6 ,  respectively. The measurements were compiled from tes t  data 
using different computational algorithms, and therefore a r e  not directly 
comparable. However, quantitative estimates of differences between !he 
two algorithms have been made by performing computations with the 'wo 
algorithms on identical data !reference the acceptance test  report  
HS324-5196 section). The resul ts  of this analysis indicate that the MTF 
est imates  would differ by an  overage of i 4  percent. Using this correct ian 
factor t o  scale  down the S/N 001 measurement,  the MTF performance of the 
two subsystems compare within an  average of 1.3 to 4 .7  percent. 
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TABLE 5-3 .  TYPICAL SIGNAL, NOISE, AND S / N  MEASUREMENTS 
FOR SUBSYSTEM SIN 001 

Mod. 

L inear  /low 
50  parcoa t  NDF 

Linear  /hiah 
10 percent  NDF 

Cornpr.mmion/lor 
10 percent  NDF 

Compremmlonlht~h 
5 percent  NDF 

Channql 

I 
2 
3 
4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
I4 
15 
16 
17 
18 

19 
20 
21 
2 2 
23 
24 - 

I 
2 
3 
4 
5 
6 

7 
8 
9 

I 0  
1 I 
12 

I 
2 

. 3  
4 
5 
6 

7 
8 
9 

10 
I I 
I2  

13  
I 4  
I 5  
16 
17 
18 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I I 
12 

Radiance, 
m r / c m 2 - @ t e t .  

1.42 
I.  48 
1.44 
1.47 
I .  49 
1.50 

1 -72  
1.72 
1.74 
1.74 
1.71 
1.74 

1.54 
1.57 
1.57 
1.52 
1.54 
1.52 

4.08 
4. I 4  
4. I 5  
4.09 
4.05 
4.01 

0. 28 
0 . 3 i  
0.33 
0.32 
0.32 
h. 33 

0.37 
0.37 
0 .  36 
0.35 
0.36 
0.36 

0.28 
0.32 
0.33 
0. 32 
0.32 
0.33 

0.37 
0 .37  
0. 36 
0.35 
0. 36 
0. 36 

0.12 
0.32 
0.33 
0. 31 
0. 31 
0.31 

0.12 
0.16 
0.15 
0. I5 
0.16 
0. I6  

0. I 8  
0. I 7  
0. I 1  
0. I 7  
0.18 
0. 18 

Sinnal L.cval, 
Quantum 

Unite 

38.20 
37.44 
38.14 
36.92 
35.07 
41.23 

53.99 
48.58 
53.96 
49.33 
53.92 
48.81 

56. 19 
55.43 
51.63 
52. 32 
55.17 
52.96 

53.19 
53.51 
54.29 
54.16 
53.90 
50.99 

23.04 
24.00 
23.45 
23.40 
22. 13 
25.24 

33.79 
29.93 
33.10 
31.75 
32.39 
30.89 

15.86 
15.86 
16.13 
15.42 
15.27 
16. 97 

21.53 
19.78 

Noiee Level. 
Quantum 

Unite 

0.52 
0 .48  
0.53 
0.52 
0.48 
0.55 

0.69 
0.63 
0.73 
0.59 
0.72 
0.60 

0.81 
0.81 
0.79 
0.75 
0.82 
0.92 

0.51 
0.53 
0.49 
0.48 
0.50 
0.45 

0.68 
0.57 
0.65 
0 . 6 7  
0.66 
0 .68  

0.04 
0.90 
0.91 
0.80 
1.01 
0 .87  

0.33 
0. 36 
0.46 
0.44 
0 .44  
0.45 

~ - -  - 

0.47 
0.49 

SiamI-to-Noim. 

74.1 
78 .2  
71.4 
71.0 
72.4 
75.6 

78. I 
76.9 
73.7 
84.2 
74.5 
80.7 

69.4 
68. 3 
67 .5  
69.6 
68.0 
57.4 

103.9 
101.7 
109.7 
112.4 
107.6 
113.3 

34. I 
41.9 
36.2 
35.9 
34.4 
36.4 

35.9 
33.1 
34.0 
40 .0  
1?. 0 
35.4 

47. R 
44.6 
39.9 
35.2 
34.5 
33. i 

45.8 
40 .0  

20.74 
20. 12 
20. 87 
20. I2 

21.38 
21.14 
20.89 
19.95 
20.81 
20.19 

19.69 
21.70 
20.75 
21.01 
LO. 99 
21.66 

27.92 
25. 34 
26.80 
27.13 
25.99 
26.55 

Temt 
Requirementa 

"r" 52.9  

, I 
36. ; 

1 
6 8  5 

I 
25.8 

1 1  
25 ?. 

t 
27. ; 

39. 2 
44.6 
41.2 
44.4 

41.0 
40.5 
38.2 
9 . 0  
37.2 
32.6 

29. 7 
3Q . 8  
33.5 
33.5 
35.7 
3 2 . 2  

17. 3 
34.7 
1S. 2 
42.4 

0.53 
0.45 
0.51 
0.45 

0.52 
0.52 
0.53 
0. 51 
0.56 
0.62 

0.66 
0 .54  
0 .62  
0.63 
0.59 
0.67 

0.74 
0.73 
0.81 
0.64 
0.81 
0.66 

32.2 
40.0 

I 
& 

. I 
1 

21.4 1 
i 1 1  

24. 1 

I - 
25. I 



TABLE 5-4. TYPICAL SIGNAL, NOISE AND S/K MEASUREMENTS FOR 
SUBSYSTEM S / N  002 

Mode 

L inea r  low 
50 parcent  NDI 

I 

L1na.r lhl#h 
1 0  p r c a a t  NDF 

C o m p r e r r  ionl low 
10 p r c e n t  NDF 

Comprermlon/high 
5 parcan t  NDF 

Channel 

I 
2 
3 
4 
5 
6 

7 
8 
9 

10  
I 1  
12 

1 3  
14  
15 
16 
I 7  
1 8  

I 9  
20  
2 1 
22 
2 3 
24 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 
I I 
I2  

t 
2 
3 
4 
5 
6 

7 
8 
9 

10 
11 
12 

I3 
I4 
IS 
16 
I 7  
I8  

I 
2 

Radia c e ,  
m r / c m ~ a t e r .  

1. 38 

1 
1.63 

1 
1.57 

1 
4.29 

I 
0.21 

I 
0.35 

I 
0. 29 

I 

M e a r u r e d  
Signal. 

Quantum 

33.57 
34.76 
35.84 
37.18 
33.83 
34.49 

54.65 
50.42 
53.16 
55.13 
52.98 
50.67 

56.58 
56.48 
61.13 
54.73 
57.85 
57.35 

56.18 
56.09 
55.22 
54.74 
56.32 
55.44 

21. l a  
23.24 
22.78 
23.96 
22.52 
22. R4 

35.57 
32.58 
34. 17 
35.43 
32.33 
31.50 

14.88 
15.85 

0.57 
0.55 
0.56 
0.57 

0 .68  
0.69 
0.72 
0.69 
0.69 
0.69 

20. 57  
21.75 
21.43 
21.58 

29. 18 
27.43 
28.28 
28.87 
26.43 
26.68 

3 
4 
5 
6 

7 
8 
9 

10 
11 
12 

Mearured  
Noire .  

Quantum 

0.47 
0.45 
0.44 
0.45 
0.45 
0.46 

0.62 
0 .59  
0.65 
0.65 
0.61 
0.62 

0 .69  
0.92 
0.83 
0.86 
0.77 
0.82 

0.45 
0.46 
0.42 
0.47 
0.49 
0.48 

0.63 
0.61 
0.60 
0.58 
0.62 
0.63 

0.81 
0.83 
0.87 
0.63 
0.86 
0 .83  

0.43 
0.39 

1 
0.35 

I 
0.33 

I 
0.13 

1 - 
0 .  17 

1 

0.45 
0.44 
0.40 
0.48 

0.48 
0.47 
0.50 
0.47 
0 .49  
0.47 

0.53 
0.62 
0.57 
0.62 
0.56 
0.57 

0 .65  
0.55 

36. 16 
3.4.24 
38. 18 
37.63 

42.92 
39.22 
19.42 
41.69 
37.87 
38.54 

15.37 
16.31 
15.87 
15.44 

2 1 . 4  
20.49 
20.99 
21.44 
25.86 
20 .79  

21.91 
21.69 
23.48 
21.64 
2. 19 
21.94 

18.98 
21.71 

S i ~ n a l - t o - N o i r e  
Ratio 

71.60 
76.55 
80. *O 
81.91 
74. R9 
76.63 

88.88 
85.61 
82.11 
85.56 
86.97 
85.16 

31. 83 
61.35 
73.47 
63. 86 
75.21 
70.91 

124.59 
120.94 
131.83 
116.86 
116. I0  
120.97 

11.44 

I 
24.54 

I 

S / N  f e l t  
Requirement  

48.69 

1 1  
50.88 

I ,  
36. 38 

I 
71-54  f 

! 1 : t 
b 

34.37 
37.13 
39.39 
32. 39 

44.49 
43.24 
41.63 
45.49 
42.32 
43.95 

41. 31 
34. R3 
40.93 
35. 1 1  
30.44 
38.63 

29. l i  
39. 1 8  

3R. 26 
37.q7 1 i 

I 
29.07 

I 
I 

22.02 

1 

41.29 
36.28 
36.31 

44.19 
39.09 
30. 31 
42. I t  
37.79 
38.19 

34.59 
40.31 

22.06 
.( 

I 

24.66 1 

I ,  
24.67 

I 



TABLE 5-5 .  TYPICALMTF MEASUREMENTS 
FOR SUBSYSTEM SIN 001 

C hanne 1 Measured M FF* - 
1 0 .378  
2 0 . 4 0 1  
3 0 .406  
4 0 .420  
5 U. 420 
6 0 .458  

Band 1 (average) 0.414 

7 0.423 
8 0 .424  
9 0.415 

10 0.401 
11 0 .403  
12 0 .423  

Band 2 (average) 0.415 

13 0 .394  
14 0 .382  
15 0.406 
16 0.412 
17 0.395 
18 0 .427  

Band 3 (average) 0 .403  

19 0 .463  
20  0 .446  
2 1 0 .412  
22 0 .402  
23 0.473 
24 0.456 

Band 4 (average) 0.442 

A11 channels (average) 0 .419  
C 

NOTE: MTF minimum test requirement = 0.35.  

I *Reduced by 14 percent to account for change in algorithm between 
I 

I 
S/N 001 and S/N 002 system tests.  



I LBLE 5-60 SUMMARY O F  AVERAGE MTF FROM 
MEASUREMENTS OVER ACCEPTANCE 

TEMPERATURE RANGE FOR 
SUBSYSTEM SIN 002 

Channel -- MTF Average 

1 0 .45  
2 0 . 4 3  
3 0 .415  
4 0.405 1 
5 

I 
0.415 

6 0 .425  
I 

Band 1 0 .42  
i I 

i 
I 

7 0. 38 
8 0 ,425  

I 
I 

9 0 .425 
10 0 .415  

i 
1 1  0.42 
12 0.415 

Band 2 0 . 4 1  

13 0.395 
14 0 .415  
15 0.395 
16 0.425 
17 0 .42  
18 0.445 

Band 3 0.415 

19 0.465 
20  0.43 
2 1 0 .43  
22  0 .46  
23 0 .47  
24  0.465 

Band 4 0 .45  

All channels 0 .43  

L 
NOTE: MTF minimum test requirement = 0. 35. 



APPLICABLE DOCUMENTS 

1. Design Requirements Specification for Multiepectral Scanner (MSS) 
Spacecraft Equipment for ERTS, DR 3 1324-001 

2. Qualification Tes t  Report MSS Prototype System, HS 324-4859 

3. Acceptance Tes t  Report MSS Backup System, HS 324-.5196 

4. Operation and Maintenance Manual, Volume I ,  MSS Flight Equipment. 
HS 324-4365 

5. Operation and Maintenance Manual, volume 11, Receiving Site 
Equipment, 1's 32 :-4367 

6. Operation and Maintenance Manual, Volume 111, Ground Processing 
Equipment, HS 324-4366 

7. Operation and Maintenance Manual, Volume IV,  Bench Tes t  
EquipmentrSpacecraft Tes t  Equipment, HS 324-4368 
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