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MODIFIED VERSION OF THE 
IMPROVED TIROS OPERATIONAL SATELLITE (ITOS D-G) 

Arthur  Schwalb 
Na t i o n a l  Environmenta 1 Sate  11 i t e  Service 

ABSTRACT. The modified ITOS Spacecraf t  system w i l l  
become o p e r a t i o n a l  i n  mid-1972, w i t h  the  launch of 
ITOS-D. The s p a c e c r a f t ,  though s i m i l a r  i n  outward 
appearance t o  previous ones i n  t h i s  series, w i l l  
con ta in  new senso r s .  Cameras a r e  no longer  a p a r t  
of t h e  sensor  complement: a Very High Resolution 
Radiometer and Vertical  Temperature P r o f i l e  Radiom- 
e te r  w i l l  be flown for  the  f i r s t  t i m e .  General 
information about  t h e  s p a c e c r a f t ,  i t s  o r b i t  and i t s  
senso r  complement is presented .  S p e c i f i c  d e t a i l s  
on t h e  r e a l  t i m e  d a t a  l i n k s  a r e  included f o r  those  
planning t o  r ece ive  these  d a t a  from t h e  s p a c e c r a f t .  

The d i r e c t  t ransmiss ion  of sensor  d a t a  for l o c a l  
a c q u i s i t i o n  worldwide w i l l  cont inue ,  A l e t t e r  
s e n t  t o  the World Meteorological Organizat ion de- 
f i n e s  o u r  p l a n s  f o r  t h e s e  t ransmiss ions .  

INTRODUCTION 

The Improved TIROS Operat ional  S a t e l l i t e s  (ITOS D, E ,  F, & G ) ,  
t h e  first of  which is planned f o r  launch i n  mid-1972, a r e  an 
outgrowth of t h e  T I R O S  M and ITOS development descr ibed  i n  

ward appearance t o  T I R O S  M. The modi f ica t ions  inc lude  t h e  addi- 
t i o n  of new senso r s  and a t t i t u d e  c o n t r o l  systems and t h e  removal 
of all vid icon  camera systems and t h e  f l a t p l a t e  radiometer ;  t h e  
Scanning Radiometer and t h e  Solar  Proton Monitor w i l l  be r e t a i n -  
ed. 

NESCTM 7 (1968). 1 These modified s p a c e c r a f t  a r e  s i m i l a r  i n  out- 

'Alber t ,  Edward G.,  "The Improved TIROS Operat ional  S a t e l l i t e "  
ESSA Technical Memorandum NESCTM-7, Nat ional  Environmental 
Sa t e l l i t e  Serv ice ,  Su i t l and ,  Md,, D e c .  1971, 6 pp. 
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The primary environmental  s enso r s  f o r  these s p a c e c r a f t  a r e :  

0 A two channel Scanning Radiometer ( S R )  e s s e n t i a l l y  t h e  same 
a s  t h a t  on e a r l i e r  ITOS*spacecraft .  One channel is  s e n s i t i v e  t o  
energy i n  t h e  v i s i b l e  spectrum, t h e  o t h e r  t o  energy i n  t h e  atmos- 
p h e r i c  i n f r a r e d  "window." T h i s  s enso r  w i l l  meet mission r equ i r e -  
ments f o r  s t o r e d  and r e a l  t i m e  g loba l  d a t a ,  and w i l l  be used t o  
cont inue t h e  Automatic P i c t u r e  Transmission (APT) s e r v i c e .  2 

0 A V e r t i c a l  Temperature P r o f i l e  Radiometer (VTPR) designed 
t o  o b t a i n  measurements of t h e  v e r t i c a l  temperature s t r u c t u r e  of  
t h e  atmosphere. Energy w i l l  be measured a t  6 d i s c r e e t ,  narrow 
i n t e r v a l s  i n  t h e  1 5  micrometer (pm)  CO reg ion ,  a t  an i n t e r v a l  
i n  t h e  llpm window and a t  an i n t e r v a l  i n  t h e  1 8 p m  water  vapor 
reg'ion. Measurements from t h e  8 channels of t h e  VTPR w i l l  be 
used t o  compute temperature p r o f i l e s  from t h e  e a r t h ' s  s u r f a c e  t o  
100,000 feet  (30,480 m ) .  

2 

0 A Very High Resolution Radiometer (VHRR) s i m i l a r  t o  t h e  
scanning radiometer w i t h  0.5-n.mi. (0.93-km) r e s o l u t i o n .  Sensing 
w i l l  be i n  t h e  v i s i b l e  p a r t  o f  t h e  spectrum and i n  t h e  I n f r a r e d  
( I R )  window region.  Data f r o m  t h i s  s enso r  w i l l  be t r ansmi t t ed  
i n  real  t i m e  t o  r e l a t i v e l y  complex "S,-Band" r ece iv ing  s t a t i o n s .  
Receiving s t a t i o n s  can be loca ted  wherever desired; t h e  U . S .  w i l l  
have a VHRR r e c e i v e r  loca ted  a t  each Command and Data Acquis i t ion  
(CDA) s t a t i o n  and a t  o t h e r  l o c a t i o n s .  A l i m i t e d  q u a n t i t y  of  

VHRR d a t a  from each o r b i t  w i l l  be s t o r e d  i n  a s p a c e c r a f t  record-  
er .  Stored d a t a  w i l l  be t r ansmi t t ed  only  t o  U.S. CDA s t a t i o n s  
f o r  re t ransmiss ion  t o  a c e n t r a l  l o c a t i o n  f o r  processing.  

Each s p a c e c r a f t  w i l l  c a r r y  a So la r  Proton MAnitor s i m i l a r  t o  
t h a t  flown on previous ITOS. T h i s  s enso r  is designed t o  d e t e c t  
and count t h e  proton and e l e c t r o n  f l u x e s  encountered dur ing  
o r b i t .  

LAUNCH AND ORBIT 

Each of t he  ITOS D-G s p a c e c r a f t  w i l l  be launched i n t o  a sun- 
synchronous, 790 n.mi. (1464 k m )  o r b i t  by a two-stage Del ta  
launch v e h i c l e .  Nominal o r b i t a l  elements a r e  shown i n  t a b l e  1. 
The choice of o r b i t  t i m e  ( e i t h e r  1500 l o c a l  s o l a r  t i m e  northbound 

See appendix, 2 
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o r  0900 l o c a l  s o l a r  t i m e  southbound - f i g u r e  1) w i l l  be made t o  
provide f o r  r e c e i p t  of  d a t a  a t  t h e  t i m e  of day t h a t  b e s t  meets 
o p e r a t i o n a l  requirements . 

Table 1 .--Nominal o r b i t  parameters 

Parameters Values 

A l t i t u d e  (above e a r t h  surface) 

Apogee and Per igee  

I n c l i n a t i o n  

Nodal Per iod 

Spacec ra f t  Sun Angle 

Precess ion  o f  Nodes 

Equator c ros s ing  t i m e  
(northbound) 

790 n.mi. (1464 km) 

790 i25 n.mi. (1464 ~ 4 6  km) 

101.7O 

115.14 min 

Var ies  wi th  month o f  launch. 
Should be k e p t  between 30° and 
60° dur ing  t h e  a c t i v e  l i f e t ime  
of t h e  spacec ra f t .  

0.9857O p e r  day ( f o r  complete 
sun synchronism) 

1500 o r  2100 l o c a l  s o l a r  t i m e  

The first s t a g e  o f  t h e  launch v e h i c l e  is  a modified Thor rock- 
e t ,  
e ts .  The D e l t a  second stage is t h e  large-diameter tank ve r s ion  
modified for  p rogramed  s h u t  down and r e s t a r t  of i t s  engines .  
The launch sequence i s  shown i n  table  2. 

w i t h  lengthened tankage and strapped-on Castor  so l id  rock- 
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AM DESCENDING NODE ORBIT PM ASCENDING NODE ORBIT 

Figure 1.--1TOS O r b i t s  

THE SPACECRAFT 

The modified I T O S  s p a c e c r a f t  ( f i g u r e  2 and t a b l e  3 ) ,  is  a 
r e c t i l i n e a r  s o l i d ,  40 i n .  by 40 i n .  by 57 i n .  (102 c m  by 1 0 2  c m  
by 145 c m ) ;  a three-panel  s o l a r  c e l l  a r r a y  is a t t ached  t o  one 
end. The c e n t r a l  equipment module, o r  main body o f  t h e  space- 
c r a f t ,  houses t h e  d a t a  ga the r ing  subsystems. The basep la t e  and 
two side pane l s  a r e  used a s  mounting s u r f a c e s  f o r  t h e  subsystems. 
To f a c i l i t a t e  s p a c e c r a f t  i n t e g r a t i o n ,  t h e  side panels ,  used a s  
mounting s u r f a c e s ,  a r e  hinged so they  can be l a i d  f l a t  dur ing  
assembly and i n i t i a l  checkout. A f t e r  these panels  are closed 
du r ing  f i n a l  assembly of  t h e  s p a c e c r a f t ,  minor r e p a i r s  or ad- 
justments  t o  t h e  equipment can be made through access  p o r t s .  

Cons t r a in t s  imposed by senso r  field-of-view, thermal con- 
s t r a i n t s ,  and e l e c t r i c a l  harness  requirements w e r e  major f a c t o r s  
i n  determining equipment l o c a t i o n .  For example, t h e  coo le r  f o r  
t h e  Very High Resolution Radiometer (VHRR) must have an unob- 
s t r u c t e d  view o f  space,  so i t  was placed on the  s i d e  of t h e  
s p a c e c r a f t  t h a t  w i l l  always face away from t h e  sun. 

4 



Table 2.--1TOS launch phases 

1 

Step  Event 

1 F i r s t  s t a g e  i g n i t i o n  and l i f t  o f f .  Three 
s o l i d  strap-on rockets  i g n i t e  a t  l i f t  o f f ,  
t h e  remaining 3 s o l i d s  i g n i t e  about  30 
seconds l a t e r .  

5 

6 

10 

The s o l i d  rocke t s  a r e  j e t t i s o n e d .  

F i r s t  s t a g e  engine c u t s  o f f .  

Separat ion of first and second s t a g e s ,  
i g n i t i o n  of  second s t a g e  motor. 

F a i r i n g  s e p a r a t e s  from t h e  second s t a g e .  

Second s t a g e  motor cut-of f ,  begin c o a s t  
phase of approximately one hour. 

End coas t ,  r e - s t a r t  second s t a g e  motor. 

Second s t a g e  motor cu t -of f .  

Roll j e t s  spin-up second s t a g e  and space- 
c r a f t  t o  add momentum t o  t h e  system. 

Spacecraf t  s e p a r a t i o n ;  second s t a g e  f i r e s  
r e t r o  rocke t s  t o  change i t s  o r b i t  t o  pre- 
clude i n t e r f e r e n c e  w i t h  t h e  s p a c e c r a f t .  

S t a b i l i z a t i o n  

ITOS s p a c e c r a f t  a r e  s t a b i l i z e d  by a gyromagnetic c o n t r o l  sys- 
t e m ;  b a s i c  s t a b i l i z a t i o n  is  maintained by momentum s t o r e d  i n  t h e  
flywheel of  t h i s  system. Nominally, t h e  s p a c e c r a f t  r o t a t e s  about 
i t s  p i t c h  a x i s  once pe r  o r b i t  so t h e  appropr i a t e  s enso r s  always 
face  t h e  e a r t h ,  i .e . ,  t he  s p a c e c r a f t  is e a r t h  s t a b i l i z e d .  
Momentum t r a n s f e r r e d  between t h e  flywheel and t h e  body of  t h e  
s p a c e c r a f t  main ta ins  t h e  proper po in t ing  accuracy. During nor- 
mal mission ope ra t ions ,  t h e  gyroscopic s t a b i l i t y  o f  t h e  wheel 
keeps t h e  yaw a x i s  a l igned  w i t h  t h e  l o c a l  v e r t i c a l  and t h e  r o l l  
a x i s a l i g n e d  wi th  t h e  o r b i t a l  plane (see f i g u r e  3 ) .  An incredse  
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i n  flywheel speed t r a n s f e r s  momentum f r o m  t h e  s p a c e c r a f t  and 
causes  the  s p a c e c r a f t  body t o  r o t a t e  counterclockwise about the  
p o s i t i v e  p i t c h  a x i s :  conversely,  a decrease  i n  speed w i l l  cause 
t h e  s p a c e c r a f t  t o  move i n  a clockwise d i r e c t i o n  about t h e  p i t c h  
a x i s .  
t ro l led  by a closed loop servo-mechanism which  responds t o  e r r o r  
s i g n a l s  f r o m  e i ther  of t h e  t w o  horizon sensors .  
a t t i t u d e  is maintained w i t h i n  2% degree.  Roll and yaw-axis o r i -  
e n t a t i o n  change slowly because of t h e  torque effects  caused by 
the  e a r t h ' s  magnetic f i e l d .  
work t o  coun te rac t  t h i s  force and maintain t h e  proper  o r i e n t a -  
t i o n .  A s t a b l e  ea r th -o r i en ted  p l a t fo rm is provided f o r  t h e  
senso r s  by t h i s  th ree-axis  o r i e n t a t i o n  c o n t r o l  system. 

The exchange of momentum between wheel and body is  con- 

Spacec ra f t  p i t c h  

E l e c t r i c a l  coi ls  i n  t h e  s p a c e c r a f t  

Figure 2,--External f e a t u r e s  of modified ITOS s p a c e c r a f t  
( cour t e sy  of  RCA Corp.) 
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Table 3.--1TOS D-G summary sheet 

Spacec ra f t  - t o t a l  weight 741 l b  ( 3 3 6  kg) 

Sensors - weight inc luding  tape  220 lb (100 kg) ' 
r eco rde r s  

Primary sensors 

2 scanning radiometers  

2 v e r t i c a l  temperature 
radiometers  

2 very high r e s o l u t i o n  
radiometers  

Secondary sensor  

1 So la r  pro ton  monitor 

Spacecraf t  body s i z e  

So la r  pane l  s i z e  

Power requirement-ful l  opera t ion  

L i  f e t i m e  

Design 

Goal 

Ful ly  redundant system 

p r o f i l e  Fu l ly  redundant system 

Ful ly  Redundant s y s t e m  

40" x 40" x 49" (102 c m  
x 1 0 2  c m  x 125 c m )  

65" x 36" (165 c m  x 
91  c m )  3 pane ls /  
s p a c e c r a f t  

Approximately 1 5 0 W  

6 months 

1 year  

7 



A N T I - E A R T H  ACCESS 

ACTIVE THERMAL 

PITCH CONTROLLER 

P I T C H  AXIS ( - )  

B A S E P L A T E  (PANEL 2) 

EQUIP. PANEL 1 (OPPOSITE EQUIP PANEL 3) . 
I R O L L  DIRECTION 

AXIS 

I LOCAL 
I VERTICAL 

Figure 3 .  --ITOS s p a c e c r a f t  o r i e n t a t i o n  

Thermal Control 

Thermal  c o n t r o l  i s  provided by both a c t i v e  and pass ive  ele- 
ments. The p a s s i v e  element,  a thermal c o n t r o l  fence,  c o n s i s t s  
of  f l a t  m i r r o r s  mounted on t h e  sun-facing end of t h e  s p a c e c r a f t .  
Two f l a t  m e t a l l i c  s t r i p s  formed i n t o  c y l i n d r i c a l  r i n g s  a r e  
mounted c o n c e n t r i c a l l y  on these mi r ro r s  (See f i g u r e  3) .  
r i n g s  a r e  pa in t ed  black t o  absorb hea t .  As t h e  s o l a r  inc idence  
angle  dec reases  (h igh  gamma a n g l e s ) ,  t h e  s p a c e c r a f t  would nor- 
mal ly  cool :  however, i n  t h i s  a t t i t u d e  t h e  black su r face  is w e l l  
i l l umina ted ,  s o  it absorbs  and conducts hea t  t o  t h e  s p a c e c r a f t  
s t r u c t u r e .  
warm, t h e  mirrors r e f l e c t  excess hea t .  

These 

A t  s o l a r  ang le s  where t h e  s p a c e c r a f t  i s  normally 

8 



- NOTE: BOTH VH 

DIRECTION 

8RR'S SCAN THE E A R T H  
180° O U T  OF PHASE. ONLY ONE 
SCAN IS SHOWN FOR SIMPLICITY. / 

\ O N E  SPOT OF 23 

Figure 4 .--Modified ITOS s p a c e c r a f t  i n  ope ra t iona l  mode showing 
sensor f i e l d  of view 
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The a c t i v e  elements,  mounted on t h e  equipment pane ls ,  c o n s i s t  
of two se t s  of louvers ,  each d r iven  by a thermal a c t u a t o r  sensor .  
The louvers  open and c l o s e  i n  response t o  changes i n  t h e  space- 
c r a f t  temperature ,  t hus  varying t h e  e f f e c t i v e  a rea  of un insula ted  
r a d i a t i n g  su r face  - These elements maintain t h e  temperature o f  
t h e  equipment pane ls  w i t h i n  acceptab le  l i m i t s .  

Power 

The I T O S  D-G s o l a r  a r r a y ,  e s s e n t i a l l y  t h e  same a s  t h e  ones 
used f o r  ITOS 1 and N O A A 1 ,  c o n s i s t s  of three panels ,  each 36k 
i n .  ( 9 2 - 7 1  c m )  wide and 65% i n .  (166.14 c m )  long. I n  space,  
t h e s e  pane l s  l i e  i n  t h e  o r b i t a l  plane w i t h  t h e  s o l a r  ce l l s  f ac ing  
t h e  sun. 
boron-doped N-on-P s o l a r  ce l l s  t h a t  convert  s u n l i g h t  i n t o  elec- 
t r i c a l  energy. T h i s  power is  used t o  ope ra t e  t h e  subsystems and 
t o  re-charge t h e  n i c k e l  cadmium b a t t e r i e s :  b a t t e r y  power is  used 
t o  suppor t  s h o r t  t e r m  heavy power loads and night t ime opera t ion .  

Each panel  is  covered w i t h  approximately 10,000 2 c m 2  

SCANNING RADIOMETER 

The Scanning Radiometer ( S R )  is  a two-channel scannins  i n s t r u -  
0.5 t o  0.7 clm ment s e n s i t i v e  t o  energy i n  t h e  v i s i b l e  spectrum3 

and i n  t h e  i n f r a r e d  ( I R )  window region 10.5 t o  12 .5  pm, The 
instrument  was designed t o  ope ra t e  on a sun-synchronous space- 
c r a f t  i n  a 790 n.mi. (1464 km) o r b i t .  Energy is  gathered by a 
5-inch (12.z cm) e l i p t i c a l  scan mi r ro r  w i th  a plane , s u r f a c e  a r e a  
of  100.4 c m  (15.6 i n .  ) .  The scan mi r ro r  is  s e t  a t  an angle  of  
45O t o  t h e  scan axis  and r o t a t e s  a t  48 rpm; a Cassegrainian type 
o p t i c a l  system ( f i g u r e  5)  focuses  the  energy. Af t e r  being t r a n s -  
mi t ted  through t h e  d i c h r o i c  beam s p l i t t e r  and r e l a y  l e n s  the  
i n f r a r e d  window r a d i a t i o n  is c o l l e c t e d  i n t o  a t he rmis to r  bolom- 
e ter ,  t h e  s i z e  o f  which (5.3 m i l l i r a d i a n s )  d e f i n e s  t h e  Ins tan-  
taneous F i e l d  of V i e w  (IFOV) . 

2 

The d i c h r o i c  beam s p l i t t e r  r e f l e c t s  t h e  v i s i b l e  energy which 
is  focused on and d e t e c t e d  by a s i l i c o n  photo v o l t a i c  d e t e c t o r .  
The s i z e  of the  d e t e c t o r ,  t o g e t h e r  wi th  a f i e l d  s top ,  l i m i t s  t h e  
XFOV t o  approximately 2.8 m i l l i r a d i a n s  ( m r )  . 

A sun s h i e l d  keeps d i r e c t  and r e f l e c t e d  s o l a r  r a d i a t i o n  from 
e n t e r i n g  t h e  f i e l d  of view of t h e  instrument .  

On l a t e r  s p a c e c r a f t  it is planned t o  change t h i s  range t o  3 

0.4 t o  1.1 pm t o  provide a b e t t e r  d e l i n e a t i o n  of land-water 
boundaries .  
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F i g u r e  5.  --Optical s c h e m a t i c ,  ITOS s c a n n i n g  radiometer 
( c o u r t e s y  of S a n t a  Barbara Research C e n t e r )  
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Coverage And Resolution 

The SR is a l i n e  scan device :  g l o b a l  coverage is  achieved 
from continuous horizon-to-horizon cross - t rack  scanning by t h e  
mi r ro r  combined w i t h  t h e  forward motion o f  t h e  s p a c e c r a f t .  
Since the  mirror r o t a t e s  a t  a cons t an t  angular  r a t e ,  t h e  geo- 
m e t r i c  r e s o l u t i o n  on t h e  ground changes a s  t h e  d i s t a n c e  from t h e  
s u b s a t e l l i t e  p o i n t  i n c r e a s e s ;  a p i c t u r e  produced from these s i g -  
n a l s  w i l l  appear  foreshortened i n  t h e  a r e a  o f  t h e  horizons.  The 
5.3 m r  I F O V  of t h e  i n f r a r e d  channel provides  a ground r e s o l u t i o n  
of  approximately 4 n.mi ( 7 . 5  km) a t  the subpoint .  Successive 
l i n e s  a r e  contiguous a t  the  subpoin t  and ove r l ap  a s  t h e  d i s t a n c e  
from t h e  subpoin t  i nc reases .  I n  e q u a t o r i a l  reg ions ,  contiguous 
d a t a  f r o m  success ive  o r b i t s  w i l l  occur a t  a p o i n t  about 900 n.mi.  
(1668 km) from t h e  s u b s a t e l l i t e  p o i n t ;  a t  t h i s  p o i n t  t h e  d a t a  
z e n i t h  angle  is 60° and t h e  I F O V  s p o t  covers  about 8 n.mi. by 
1 2  n.mi. (15 k m  by 22 km), The v i s i b l e  channel,  w i th  a 2 . 8  m r  
I F O V  produces a 2 n.mi (4  k m )  s p o t  a t  t h e  subpoin t :  t h i s  s p o t  
s i z e  i n c r e a s e s  t o  approximately 4 n.mi. by 8 n.mi. ( 7 . 5  k m  by 1 5  
km) a t  t h e  e q u a t o r i a l  c o n t i g u i t y  p o i n t .  I t  should be noted 
t h a t  there  w i l l  be a 2 n.mi. (4  k m )  "gap" between v i s i b l e  chan- 
n e l  d a t a  l i n e s  a t  t h e  subpoint .  The gap w i l l  n o t  be apparent  i n  
t h e  d i s p l a y  and w i l l  d i s appea r  e n t i r e l y  a t  d i s t a n c e s  more than 
about  750 n-mi. (1385 k m )  from t h e  subpoint .  

Data Format 

' The radiometer views t h e  e a r t h  du r ing  approximately 1 /3  of 
t h e  per iod  requi red  f o r  one f u l l  mi r ro r  r o t a t i o n .  During t h e '  
remaining 2/3 of each r o t a t i o n  t h e  mi r ro r  views space and i n -  
s t r u m e n t  housing; dur ing  t h i s  t i m e  t e lemet ry  and synchroniza- 
t i o n  d a t a  a r e  i n s e r t e d  i n  t h e  d a t a  s t ream. The d i sc r imina ted  
d a t a  ou tpu t  f o r  t h e  i n f r a r e d  and v i s i b l e  channels of  t h e  ITOS D 
through G radiometers  i s  shown schemat ica l ly  i n  f i g u r e  6 ,  

Once each scan ,  w h i l e  t h e  instrument  is viewing space,  t h e  
b a s e l i n e  o f  d e t e c t e d  s i g n a l s  is  r e s t o r e d  t o  a p re - se t  ze ro  
l e v e l .  The ou tpu t  of  t h e  radiometer  du r ing  t h e  remainder of 
t h e  scan ( e a r t h  viewing) then i s  equal  t o  t h e  d i f f e r e n c e  i n  de- 
t e c t e d  energy between t h e  zero-point  and t h e  r a d i a t i n g  ( r e f l e c t -  
i ng )  s u r f a c e .  I n  ope ra t ion ,  t h e  an t i - sun  s i d e  horizon,  w h e r e  
r e s t o r a t i o n  of s i g n a l  b a s e l i n e  occurs ,  i s  w e l l  def ined  and pro- 
v i d e s  a ze ro  rad iance  l e v e l  f o r  c a l i b r a t i o n  purposes.  The s u n  
s i d e  horizon is ev iden t  i n  t h e  d a t a  bu t  t h e  ou tpu t  l e v e l  is  
inde termina te  s i n c e  t h e  warm sun s h i e l d  g radua l ly  en te r s  t h e  

1 2  
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Figure 6.--SR sensor-radiometer output s i g n a l  c h a r a c t e r i s t i c s .  
These s i g n a l s  are inverted before transmission so t h a t  co ld  
clouds w i l l  appear white  when displayed'at  the  l o c a l  s t a t i o n .  



f i e l d  of view of t h e  instrument  and changes the  output  l e v e l .  
T h i s  s i g n a l  l e v e l  r e s t o r a t i o n  technique,  using co ld  space a s  a 
r e fe rence ,  e f f e c t i v e l y  removes t h e  e f f e c t  of self-emission of 
t h e  o p t i c s .  

Radiometer Performance 

The I R  channel d a t a  of t h e  S R  may be used t o  determine t h e  
equ iva len t  b lack  body temperature of t h e  r a d i a t i n g  s u r f a c e .  The 
a b i l i t y  t o  determine t h i s  temperature a c c u r a t e l y  is cha rac t e r -  
i zed  by t h e  instrument  no i se  equ iva len t  d i f f e r e n t i a l  temperature 
( N E A T ) .  For p r a c t i c a l  purposes,  NEAT may be considered a s  t h e  
temperature d i f f e r e n t i a l  t h a t  can be d iscerned  by t h e  instrument  
when scanning from one uniform black body t o  another .  I n  actu-  
a l i t y ,  it is the  blackbody energy d i f f e r e n t i a l  of t h e  t a r g e t  
which, when sensed by t h e  instrument ,  is  equa l  t o  t h e  r o o t  mean 
square ( r m s )  no i se  l e v e l .  When measuring warm t a r g e t s ,  t h e  
NEAT's  w i l l  be s i g n i f i c a n t l y  lower (be t te r )  than  when measuring 
co ld  t a r g e t s  s i n c e  t h e  instrument  response is  l i n e a r  w i th  inpu t  
energy and system no i se  is n o t  a f f e c t e d  by t a r g e t  temperature .  
System noise, and t h e r e f o r e  NEAT, is a f f e c t e d  by t h e  temperature 
of t h e  radiometer  i t s e l f  so t h a t  no s i n g l e  number can be used 
t o  f u l l y  d e f i n e  t h e  system NEAT. For t h i s  reason,  publ ished 
NEAT's  a r e  u s u a l l y  gene ra l  and r e p r e s e n t  cond i t ions  a t  a nominal 
o r  wors t  case instrument  ope ra t ing  temperature.  When t h e  bolom- 
e t e r  temperature is  25OC (77.0°F) and the  scene temperature is 
300°K (80.6OF) (27OC)  , the  NEAT is  approximately 0.3OC (0.5'F); 
w i t h  the  scene a t  185OK, (-126.4OF) (-88OC) , t he  NEAT degrades 
t o  approximately 1.4OC (2.5OF) 
instrument  ou tpu t )  . Unfortunately,  t he  s p a c e c r a f t  d a t a  l i n k  
( t a p e  r eco rde r s  i n  p a r t i c u l a r )  and ground handling of d a t a  f u r -  
t h e r  reduce t h e  NEAT, A r e a l i s t i c  e s t i m a t e  of  NEAT for  t h e  
300'K t a r g e t  w i t h  bolometer a t  25'C is  2 t o  3 C!' 
f o r  t h e  185'K t a r g e t ,  8 to 10 d" (14.4 t o  18.0 I?'). The l i n k  
a n a l y s i s  f o r  a VHF r ece iv ing  s t a t i o n  i s  shown i n  t a b l e  7.  
S t a t i s t i c a l  p rocess ing  of temperature d a t a  f r o m  a r e l a t i v e l y  
uniform r a d i a t i n g  su r face  (such a s  t h e  sea su r faqe )  can reduce 
these  u n c e r t a i n t i e s  somewhat . 

(both  va lues  determined a t  the  

(3.6 t o  5.4 p ) ,  
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Automatic P i c t u r e  Transmission (APT) Se rv ice  

For r e c o r d i n g  on t h e  s p a c e c r a f t  r e c o r d e r  and f o r  t r ansmiss ion  
t o  t h e  l o c a l  APT s t a t i o n s ,  t he  t w o  channels  of d a t a ,  t o g e t h e r  
w i t h  a p p r o p r i a t e  synchron iza t ion  and t e l e m e t r y  from a s i n g l e  
imstrument,  a r e  combined i n t o  a sj .ngle d a t a  s t ream.  One channel  
of d a t a  w i l l  be t r a n s m i t t e d  d u r i n g  t h e  t i m e  t h e  scanner  m i r r o r  
ro ta tes  through 180 degrees  (0.625 s e c o n d s ) .  The a l t e r n a t e  
channel  is  t r a n s m i t t e d  d u r i n g  t h e  remaining 0.625 seconds o f  t h e  
360 degree  mirror  r o t a t i o n .  I n  p r a c t i c e  t h i s  w i l l  be accomplish- 
e d  by t r a n s m i t t i n g  t h e  i n f r a r e d  window d a t a  d i r e c t l y  from t h e  
rad iometer :  t h e  v i s i b l e  channel  d a t a  from t h e  same scanne r  w i l l  
be t a p e  recorded and played back one-half  s p i n  pe r iod  (0.625 
seconds)  l a t e r .  Table 4 c o n t a i n s  t h e  d a t a  t iming  informat ion  
f o r  t h e  Scanning Radiometer APT t r ansmiss ion .  T h i s  same i n f o r -  
mation is shown s c h e m a t i c a l l y  i n  f i g .  7 .  Transmission l i n k  
c h a r a c t e r i s t i c s  a r e  summarized i n  t a b l e s  6 ,  7, 8,and  9. 

It  should be noted t h a t :  

1. Seven p r e - e a r t h  synchron iza t ion  p u l s e s  (300-Hz r a t e )  pre-  
cede each  s e t  of d a t a  ( I R  and v i s i b l e ) .  

2 .  The p o s t - e a r t h  synchron iza t ion  porches ( z e r o - l e v e l  s i g n a l s  
b e f o r e  and a f t e r  t h e  synchron iza t ion  p u l s e )  a r e  10 m i l l i s e c o n d s  
i n  d u r a t i o n ;  t h e  synchron iza t ion  p u l s e  i t s e l f  i s  30 m i l l i s e c o n d s  
( t h i s  is  one-half  t h e  d u r a t i o n  of prev ious  s y s t e m s ) .  

3 .  The t e l e m e t r y  window ( t i m e  pe r iod  a l l o t t e d  fo r  t r ansmiss ion  
of c a l i b r a t i o n  d a t a )  f o r  t h e  I R  channel  (see E ,  f i g u r e  7)  w i l l  
c o n s i s t  e n t i r e l y  o f  v o l t a g e  c a l i b r a t i o n  s t e p s  ( f i v e  s t e p s ,  s i x  
l e v e l s ,  each  of  t e n  m i l l i s e c o n d  d u r a t i o n )  : t h e  v i s i b l e  channel  
t e l e m e t r y  window (see E: f i g u r e  7)  w i l l  c o n s i s t  of  25 l i n e s ,  11 
of which w i l l  c o n t a i n  t e l e m e t r y  d a t a  f o r  c a l i b r a t i n g  t h e  I R  out-  
p u t .  The remaining 14 l i n e s  w i l l  be v o l t a g e  c a l i b r a t i o n  s t e p s .  
The S R  t e l e m e t r y  window assignments  a r e  shown i n  t a b l e  5. 
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Table 4.--ITOS D-G data timing for  real-time d i rec t  readout SR APT transmission 

T b  a f t e r  s t a r t  
of 7 sync pulses Duration 

Seauence (milliseconds) (mi 11 iseconds) Charac te r i s t ics  

1. S t a r t  sequence (IR) 0.0 
7 sync pulses 

23.31 7 pulses, 300 Hz square wave, 1002 
amplitude 

2. Space scan (pre-earth) 23.31 24.47* 962 amplitude 

3. Earth scan (SR data) 4 7 . m  

4. Space scan (poet-ear&) 425.56* 

377.78* A t  900 n . d .  the period vould be 364 
milliseconds 

406 milliseconds 
A t  600 n . d .  (1112 km) the period would be 

Range 4% t o  962 amplitude 

Near 902 amplitude increasing as the sun 
sh ie ld  en ters  the f i e l d  of view 

61.11* 

5. Teleilletry v i n d w  486.6723.0 5 e 3 . 0  Voltage ca l ibra t ion  s t e p s  

6. Back porch 536.6726.0 le1 Amplitude 1002 

7.  Playback synchronization 546.6727.0 
pulse 

3(H2 Minimum amplitude (2 t o  42) used primarily 
f o r  c e n t r a l  processing of global data 

8. Front porch 576.6729 .O le1 Amplitude 1002 

9. Back scan and overlap 586.67 
allowance 

23.23 

10. Sync delay 609.90 15.10 Spaceviev used €OK instrument res tore  (VSBL) 

11. S t a r t  sequence (VSBL) 625.00 
7 sync pulses 

Same a s  I R  23.31 

12. Space scan (pre-earth) 648.31 24 .47* 4% amplitude 

13. Earth scan 672.78* 
(Visible data) 

14. Space scan (post-earth) 1050.56 

377.78* Same period a s  IR scan. Range 42 t o  100% 

61.11 42 amplitude. Scan v i 1 1  gradually include 
the sun shield which v i11  a l s o  be a 42 
amplitude 

15. Telemetry vfndw 1111.6723.0 5*3 See separate l i s t i n g  tab le  

16. Back porch 1161.6726.0 l(H1 Amplitude 100% 

17. Playback synchronization 1171.6727.0 
pulse 

3 e 2  ninimw amplitrde (2 t o  41) used primarily 
f o r  c e n t r a l  processLng of global da ta  

18. Front porch 1201.6729 .O le1 Amplitude 1002 level 

19. Back scan and overlap 1211.67 
allovance 

23.23 

20. Sync delay 1234.90 15.10 Spaceviev used f o r  instrument res tore  (IR) 

21. S t a r t  IR 7 sync 1250 .o (0 .O) 

*Assrrmes: S/C a l t i t u d e  790 n.mi.  

End of one f u l l  (360") mirror ro ta t ion  
pulses 

Roll angle = zero. Ful l  (1002) amplitude is equivalent t o  tha t  of the porch levels.  
+ tolerances a r e  within the radiometer but a r e  fixed for  a par t icu lar  instrument. - 



Table 5. --SR te lemet ry  window d a t a  

Scan line* NO. 1 Window - NO. 2 Window - 
number I R  portion Visible  portion 

1 Voltage ca l ib ra t ion  stepse Spacecraft time codea (16 most 

2 600 HZ Markerb 

s ign i f i can t  b i t s )  

I1 

3 

4 

5 

6 

7 

8 through 20 

21 

22 

23 

24 

I I  4% signal level  cal ibrat ionC 

I t  

I t  

I1 

I t  

I I  

82% signal  l eve l  calibration' 

Housing back scan sampledd 

Spare 

Voltage ca l ib ra t ion  stepse 

Both windows 

Scanner e lectronics  temperatureg 

Electronics module temperatureg 

f SB housing r e f .  D. temperature 

SB hous ing r e f .  C. temperaturef 

25 I I  Spare 
*See E and E' i n  f igure 7.  Data lines a re  numbered sequentially from 1-25 f o r  convenience. 

These da t a  w i l l  not be useful t o  the real-time s t a t ions .  
only and w i l l  indicate  the elapsed time since the clock w a s  last updated. 
Used t o  del ineate  between IB and v i s ib l e  channels fo r  global analysis  programs. 
Electronical ly  generated data levels  which should be constant throughout the l i f e  time of the system. 
data  level  (voltage) w i l l  depend upon the system i n  use a t  the local  s t a t ion .  
approximate. 

IB channel radiometer output while viewing the instrument housing whose actual  temperature i s  indicated by 
thermocouples ( l i nes  23 and 24). These da ta  can be used t o  ca l ib ra t e  the instrument i n  f l i g h t .  Curves w i l l  be 
provided t o  those users requiring t h i s  information. 

Five s teps  ( 6  levels  of data) .  
Thermocouple output voltage can be converted t o  housing temperature. 
eter when viewing t h i s  area is  transmitted i n  Telemetry Window no, 5 (Visible Channel). 
Used f o r  engineering evaluation of the instrument. 

The t ime  encoded here vi11 be a spacecraft  reference 

Actual 
Percentage values a re  only 

The output of the I B  channel of the radiom- 
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Table 6 . - -Charac te r i s t ics  of VHF APT t ransmission 

Element Descr ip t ion  

Frequency 

Transmi t te r  power output  

Antenna pola r i  z a t  ion 

C a r r i e r  modulation 

Peak c a r r i e r  d e v i a t i o n  

RF spectrum bandwidth 

Subca r r i e r  center frequency 

Subca r r i e r  modulation 

Peak s u b c a r r i e r  modulation 

Baseband video bandwidth 
(des ign)  

137.50 o r  137.62 \MHz +O.OOS% -- 2 
p o s s i b l e  t ransmiss  ion f requencies  
a r e  ass igned t o  e l imina te  poss ib l e  
i n t e r f e r e n c e  when 2 s p a c e c r a f t  a r e  
near  t h e  same a r e a s  a t  t h e  same 
t i m e .  Only 1 frequency w i l l  be 
used a t  one t i m e .  N o t i f i c a t i o n  of 
t h e  ass igned frequency w i l l  be 
given i n  t h e  "APT Predic t ' '  message 

5 w a t t s  minimum 

Linear  

FM 

9 21 KHz 

27.2 KHz 

2400 20.014 Hz 

AM 

90% 

I R  d a t a  450 Hz 
V i s i b l e  d a t a  900 Hz 
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Table 7.--VHF APT real-t ime l i n k  performance summary 
Estimated overa l l  system S/N”op real- t ime S R  
d a t a  a t  local s t a t i o n  (P-P videot  RMS n o i s e )  

5% Elev Nominal (20° Elev) 
Cont r ibu t inq  Element I R  da t a*  Vi s ib l e  Data§ I R  data* V i s i b l e  Data § 
SR senso r  45 dB 44 dB 49 dB 66 dB 

SR processor  47 dB 47 dB 52 dB 52 dB 

SR recorder  (delayed V I S )  N/A 36 dB N /A 40 dB 

47 dB 47 dB 52 dB 52 dB VHF RT t r a n s m i t t e r  

h, FU? l i n k  
0 

37.5 dB 34.4 dB 45.6 dB 

Ground r e c e i v e r  ( est . ) 47 dB 47 dB 52 dB 

Demod (est .)  47 dB 47 dB 52 dB 

Overall system S/N 
Normal mode ( I R  + VIS) 35 dB 3 1  dB 42 dB 
Backup mode ( I R  o r  V I S )  35 dB 33 dB 42 dB 

Equiva len t  NEAT 
@ 185zK 
@ 300 K 

N/A 
N/A 

42.4 dB 

52 dB 

52 dB 

37 dB 
41 dB 

N /A 
N/A 

*S/N - Signal  t o  Noise r a t i o  
+Peak t o  Peak-video dynamic range ( inc rease  S/N numbers by +2.0 dB i f  referenced t o  

$450 Hz baseband bandwidth $900 Hz baseband bandwidth 
sync p u l s e  amplitude) 



Table 8.-- VHF (APT) real- t ime l i n k  

Parameter Worst Case Nomina 1 

Transmi t te r  power +37.0 dBm (5W) 

Transmit t ing c i r c u i t  losses -1.8 dB 

Transmi t te r  antenna g a i n  -3.5 dB 

P o l a r i z a t i o n  loss -3.0 dB 

Path loss  -147.4 dB (5O e l e v )  

Receiver antenna ga in  

Receiver c i r c u i t  l o s s e s  
h) 
F-' 

+12.5 dB 

-1.0 dB 

Received power -107.2 dBm 
E f f e c t i v e  noise temperature = 1692OK 
Prede tec to r  no i se  bandwidth = 50 kHz 

Equivalent  no i se  input  

C/N r a t i o  

-119.3 dBm 

+12.1 dB 

Threshold +12.0 dB 

+38.0 dBm (6.3W) 

-1.3 dB 

-1.0 dB 

-3.0 dB 

-144.4 dB (20° e l e v )  

+12.5 dB 

-1.0 dB 

-100.2 dBm 

-119.3 dBm 

+19.1 dB 

+12.0 dB 

RF c a r r i e r  margin +0.1 dB +7.1 dB 



Table 9.--Subcarrier and baseband pa rame te r s ,  APT VHF real- t ime l i n k  

P a rame t e  r s Worst Case Nominal 

AM s u b c a r r i e r  s ignal- to-noise  r a t i o  +29.7 dB +37.6 dB 

Subcar r ie r  th reshold  

Subcar r ie r  margin 

+10.0 dB 

+19.7 dB 

4-10.0 dB 

+27.6 dB 

Video Peak- to-Pe ak* / r ms noise  

1 - 2  XHz video bandwidth +33 .9  dB 41.0 dB 

tQ tu 900 Hz video bandwidth i-34.4 dB 4 2 . 4  dB 

450 H z  video bandwidth +37.5 dB 4 5 . 6  dB 

*Video -dynamic range ( inc rease  numbers +2.0 dB I F  referenced t o  sync amplitude 



Informat ion  Bandwidth and Ground S t a t i o n  F i l t e r i n g  

The o r i g i n a l  Scanning Radiometer was des igned  w i t h  a baseband, 
v ideo  bandwidth of  900 Hz for  t h e  v i s i b l e  channel  (Modulation 
T r a n s f e r  Funct ion (MTF)) e q u a l  t o  o r  b e t t e r  t han  0.15 a t  175  
c y c l e s / r a d i a n )  and 450 Hz f o r  t h e  i n f r a r e d  channel  (MTF e q u a l  t o  
o r  b e t t e r  t han  0 . 2 2  a t  90 c y c l e s / r a d i a n ) .  However, t o  opt imize  
t h e  e l e c t r o n i c  p r o c e s s i n g  of t h e  s i g n a l ,  t h e  e l e c t r i c a l  band- 
wid th  of t h e  s i g n a l  for  t h e  I T O S  D through G i n s t rumen t s  was in -  
c r eased  t o  1200 and 600 Hz r e s p e c t i v e l y .  There has  been no 
b a s i c  change i n  response of t h e  d e t e c t o r s :  t h e  e f f ec t  of t h e  
change was s imply t o  pe rmi t  t h e  l i m i t e d  response ,  h i g h e r  f r e -  
quency d a t a  (and i t s  a s s o c i a t e d  n o i s e )  a l r e a d y  p r e s e n t  i n  t h i s  
range t o  be main ta ined  through t h e  d a t a  handl ing  system. 

The i n d i v i d u a l  u s e r s  have s e v e r a l  a l t e r n a t i v e s  a v a i l a b l e  i n  
t h e  choice of a f i l t e r 4  f o r  use wi th  t h e  ground s t a t i o n  
r e ~ e i v e r . ~  These a l t e r n a t i v e s  a r e  : 

1. Keep t h e  1600-Hz f i l t e r  a l r e a d y  p r e s e n t  and used f o r  APT 
d a t a .  The t o t a l  s i g n a l  bandwidth w i l l  be maintained:  high- 
f requency  n o i s e ,  n o t  p a r t  of  t h e  S R  s i g n a l ,  w i l l  a l s o  be r e t a i n -  
ed. For those u s e r s  i n t e r e s t e d  on ly  i n  r e c e i v i n g  a p i c t u r e  fo r  
s y n o p t i c  a n a l y s i s ,  t h i s  technique  should be adequate .  

2 .  I n s t a l l .  a 1200-Hz f i l t e r .  High-frequency n o i s e  n o t  a p a r t  
of t h e  o r i g i n a l  s i g n a l  w i l l  be removed. F u l l  high-frequency 
response w i l l  be main ta ined ,  though n o i s e  above t h e  "normal" i n -  
formation bandwidth (900 Hz and 450 Hz) w i l l  a l s o  be p r e s e n t .  

3 .  I n s t a l l  a 900-Hz f i l t e r .  Normal v i s i b l e  channel  d a t a  w i l l  
be d i s p l a y e d  a t  i t s  f u l l  planned r e s o l u t i o n  7 high-frequency 
n o i s e  w i l l  be e l i m i n a t e d .  It  should  b e - n o t e d ,  however, t h a t  
n o i s e  o u t s i d e  t h e  normal informat ion  bandwidth (450 and 900 Hz) 
of t h e  i n f r a r e d  channel  w i l l  be main ta ined ,  b u t  f u l l  h i g h - f r e -  
quency response a l s o  w i l l  be p r e s e n t .  

A $-pole Gaussian f i l t e r  is  recommended. 4 

This  d i s c u s s i o n  c o n s i d e r s  on ly  a s i n g l e  f i l t e r  f o r  b a t h  5 

channels  of  d a t a  s i n c e  t h e s e  d a t a  a r e  in t e rming led  when r ece ived  
on t h e  ground. 
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4. I n s t a l l  a 600-Hz f i l t e r .  High-frequency no i se  n o t  a p a r t  
of t h e  o r i g i n a l  i n f r a r e d  channel d a t a  w i l l  be e l imina ted .  F u l l  
high-frequency response f o r  t h e  i n f r a r e d  channel d a t a  w i l l  be 
maintained though no i se  above t h e  normal (450 Hz) information 
bandwidth w i l l  a l s o  be p re sen t .  The high-frequency response of 
t h e  v i s i b l e  channel w i l l  be lost. Signal-to-noise r a t i o  w i l l  be 
enhanced b u t  e f f e c t i v e  geometric r e s o l u t i o n  w i l l  be reduced. 

5. I n s t a l l  a 450-Hz f i l t e r .  Normal i n f r a r e d  channel d a t a  
w i l l  be d isp layed  a t  i t s  f u l l  planned r e s o l u t i o n -  high-frequency 
no i se  w i l l  be e l imina ted .  Those u s e r s  planning t o  make quan t i -  
t a t i v e  measurements f r o m  t h e  s i g n a l  w i l l  f i n d  t h i s  method of 
f i l t e r i n g  probably w i l l  provide an optimized s i g n a l  i n s o f a r  a s  
ground r e s o l u t i o n  and e f f e c t i v e  s ignal- to-noise  r a t i o  of t h e  re- 
ceived s i g n a l  a r e  concerned. It m u s t  be considered t h a t  t h e  
v i s i b l e  channel response above 450 Hz w i l l  be e l imina ted  by t h i s  
f i l t e r ;  t h e  e f f e c t i v e  r e s o l u t i o n  w i l l  be reduced from two m i l e s  
t o  f o u r  m i l e s .  

6.  I n s t a l l  a f i l t e r  w i t h  bandwidth less than  450 Hz. The 
e f f e c t i v e  geometric r e s o l u t i o n  of both channels w i l l  be reduced 
b u t  e f f e c t i v e  s ignal- to-noise  r a t i o  f o r  both channels  w i l l  be 
improved by e l imina t ion  of no i se .  I n  each case ,  t h e  f i l t e r  it- 
s e l f  should be of t h e  4-pole gausian type t o  provide an optimum 
output  t o  t h e  u s e r .  

VERY HIGH RESOLUTION RADIOMETER 

The Very High Resolut ion Radiometer (VHRR) is  a two-channel 
scanning instrument  s e n s i t i v e  t o  energy i n  t h e  v i s i b l e  spectrum6 
0.6 t o  0.7 pm and t h e  i n f r a r e d  (IR) window 10.5 t o  12.5 pm. As 
i n  t h e  Scanning Radiometer (SR) , energy is  ga thered  by a 12.7-cm 
(5-inch) e l i p t i c a l  scan m i r r o r  w i th  a ‘plane s u r f a c e  a r e a  of 
100.4 an2 (15.6 i n , 2 )  and a t e l e scope .  
a t  an angle  o f  45O t o  t h e  scan  a x i s  and rotates  a t  400 rpm. 
Dall-Kirkham o p t i c a l  system focuses  t h e  incoming r a d i a t i o n  a t  a 
p o i n t  behind the  primary mirror;  t h e  v i s i b l e  energy is d e t e c t e d  
by a s i l i c o n  photo diode d e t e c t o r  l oca t ed  a t  t h i s  f o c a l  p o i n t .  

The scan mirror is  se t  
A 

6This  range may be expanded f o r  l a t e r  instruments .  

24 



A dichroic  beam s p l i t t e r  ref lects  t h e  I R  r a d i a t i o n  which  comes 
t o  a focus i n  t h e  plane of a f i e l d  s t o p  which, t oge the r  w i t h  t h e  
d e t e c t o r  s i z e  d e f i n e s  the  channel field-of-view. Relay o p t i c s  
a r e  used t o  re-image the  I R  r a d i a t i o n  on a mercury-cadmium- 
t e l l u r i d e  (HgCdTe) d e t e c t o r .  Bandpass f i l t e rs  i n  both channels 
de f ine  the  s p e c t r a l  c h a r a c t e r i s t i c s  of each. The ins tan taneous  
f i e l d  of view is  designed t o  be 0.6 m i l l i r a d i a n s  for  both chan- 
n e l s ;  t h i s  provides  a s p a t i a l  r e s o l u t i o n  of  approximately 0.5 
n.mi. (0.9 km) a t  t he  subpoint .  

The i n f r a r e d  d e t e c t o r  is cooled t o  i t s  ope ra t ing  range (nea r  
105OK) (-270OF) (-168OC) by a r a d i a n t  cooler .  A r e l a t i v e l y  
l a r g e  cool ing  patch provides  t h e  cool ing  capac i ty  t o  b r i n g  t h e  
detector below the  temperature 105OK (-270O~) (-168OC) which 
provides  desired s ignal- to-noise  r a t i o .  Thermosta t ica l ly  con- 
t r o l l e d  h e a t e r s  then  warm the  d e t e c t o r  and maintain the  desired 
temperature.  A s p e c i a l  l a b y r i n t h  b a f f l e  p r o t e c t s  t h e  detector 
from ice (which has  been known t o  form from outgass ing  moisture  
a t  t hese  l o w  ope ra t ing  tempera tures) .  The cool ing  patch i t s e l f  
is suspended on Kapton bel ts  t o  minimize h e a t  conduction between 
it and the  remainder of t h e  radiometer .  

I n  a manner s i m i l a r  t o  t h a t  used f o r  t h e  Scanning Radiometer, 
t h e  zero  p o i n t  for  de t ec t ed  energy is r e s t o r e d  t o  a pre-se t  ze ro  
l e v e l  once each scan, while  viewing space.  The ou tpu t  of t h e  
radiometer dur ing  t h e  remainder of t h e  scan i s  equal  t o  t h e  d i f -  
fe rence  i n  detected energy between space and t h e  r a d i a t i n g  s u r -  
face  ( e a r t h ) .  As with  t h e  SR, t h e  ant i -sun s i d e  horizon w i l l  be 
w e l l  de f ined ,  provid ing  a zero  radiance l e v e l  f o r  c a l i b r a t i o n  
purposes.  The sun-side horizon w i l l  probably be of  indetermin- 
a te  l e v e l  a s  t h e  radiometer  scans ac ross  t h e  s o l a r  i l lumina ted  
t a r g e t  t o  be used for  v i s i b l e  channel c a l i b r a t i o n .  These t a r -  
g e t s  (one f o r  each radiometer)  w i l l  be i l lumina ted  once pe r  
o r b i t  a s  t h e  s p a c e c r a f t  reaches the p o l a r  reg ions .  The radiom- 
e te r  a c t u a l l y  views t h e ' e a r t h  du r ing  approximately 1/3 of  t h e  
per iod  requi red  for one f u l l  m i r ro r  r o t a t i o n .  The remainder of  
t h e  per iod  is  given over  t o  viewing space and instrument  housing 
while  t e l eme t ry  and appropr i a t e  synchronizat ion d a t a  are i n s e r t -  
ed i n  t h e  d a t a  stream. The formatted (d i sc r imina ted )  d a t a  out- 
p u t  f o r  both channels  of  t h e  ITOS-D radiometer are shown sche- 
m a t i c a l l y  i n  f i g u r e  8. Table 10 l ists  d e t a i l e d  t iming informa- 
t i o n  for  these  d a t a  when 
mode f o r  t ransmiss ion  t o  

combined i n  a t ime-sharing mul t ip lex  
t h e  ground. 

25 



TIME (MILLISECONDS) 
a. INFRARED 

I '  80 lot, 120 1 40 160 20 40 60 0 
I 

I : I I 1 I I I 1 

R 
300K TARGET 

POST-EARTH SYNC PULSE (69.1 1) 

VISIBLE CALIB. TARGET SAMPLE (67.41) 

300K TEMP. SENSOR RANGE -6 TO +8OC (66.55) 
300K TEMP. SENSOR RANGE +7 TO +21°.C (65.70) 
300K TEMP. SENSOR RANGE +20 TO 34OC (64.85) G 

SCAN LINE - 300K SAMPLE LEVEL (63.99) 

IARKER 
16.21 & 43.51) 

3ECURSOR .__.  .. .^ ̂ . \ \  

v, ' I \\ SUBSYNCM 
(1 

\ \  
P f - -  ~~~ 

16.13 K H Z  (U.0) \ SPACE SCAN (5.12) I "  

s 
PRE-EARTH SYNC PULSE (2.56) VOLTAGE CALIBRATION (57.17) h, 

0 
b. VISIBLE TIME (MILLISECONDS) 

- 
v) 

5 0  
0 > 
u1 

3 

-I 
0. 

- 
n -2 

r- 
2-4 a 
a VISIBLE TARGET 
J 

5 - s  
v) 

NOTE: FIGURES FOLLOWING TITLES ARE - 
THE START TIMES FROM START 
OF LINE SYNC. MEASURE0 IN 
uILLlsEcoNos. 

PRECURSOR 
12.5 kHz 

Figure 8.--VHRR sensor-IR and v i s i b l e  s igna l  charac ter i s t i c s  



Table lO.--V€RR HRPT data timing (cont inued  on pp. 28 and 2 9 )  

N 
4 

Function 
After S t a r t  of ZR Precursor Duration 
Countsf Time (msec) Counts Time [msec) Signal Characterist ics 

Precursor I R  

Pre-earth Synchroni- 
zation signal 

Front Porch 

Sync Pulse 

Back Porch 

Space scan 

Earth scan 

0 0 

52 1 

768 

1280 

1536 

1st Sub-Sync marker 4864 

1.71 

2.56 

4.27 

5.12 

7.20: 

16.21 

2nd Sub-Sync marker 13056 43.51 

Space scan (post earth) Not clock 52.52 
controlled 

5.2 1.71 18.75 kHz square wave. 0 t o  100% 
amplitude starts 72 2 lo before 
nadir 

256 0.85 Amplitude 0% 

512 1.71 Amplitude 100%. S t a r t s  65.8 +lo 
before the nadir 

256 0.85 Amplitude 0% 

Not clock 2.08: Amplitude 100% period varies with 
controlled spacecraft  a l t i t ude  & a t t i t u d e  

Not clock 45.32t Amplitude varies over range 0% t o  
cont ro 1 led 100% (0% Hot, 100% Cold). Period 

var ies  from 43.68 msec ( 3 0 0  n.mi. 
t o  48.64 msec @600 n.mi. 

16 0.05 Two level  signal s t a r t i n g  a t  0% 
amplitude f o r  # the period when 
switching t o  100% f o r  the 
remainder of the period 

16 

-- 
0.05 Same as 1st Sub-Sync marker 

4.64t Amplitude is undefined as  s ignal  
may be influenced by the v i s ib l e  
channel cal ibrat ion target  

Voltage Calibration 17152 57.17 1792 5.97 Seven levels  increasing i n  ampli- 
tude from 0 t o  100%. Zero l eve l  
following 7th s t ep .  

Visible cal ibrat ion 18944 63.14 256 0.85 Normal range when target  is i l l u -  
mfnated by sun is about 209. amplitude 

Radiance cal ibrat ion 19200 63.99 256 0.85 Amplitude about 20%. Varies with 
300K t a rge t  target ' s  actual  temperature 



Table 10. -- Continued 

After S t a r t  of IR Precursor Dura t ion 
Function Counts * Time (me4 Counts Time (msec) Signal Char act  er is t i c  s 

Temperature Sensor 19456 64.85 256 0.85 For n o m 1  temperature range ampli- 
300K target  (expanded 
range +20 t o  +34O~) 

tude w i l l  be between 0 and 80%. 
( I f  the temperature is out of t h i s  
range, the s ignal  w i l l  e i t he r  be 
0 or between 85% and 100%) 

Temperature Sensor 19712 
(expan$ed) range +7 

Temperature Sensor (ex- 19968 
panded range -6 t o  +8OC) 

t o  +21 C) 

h) Post-earth Synchronization 
03 

Front Porch 20224 

Sync Pulse 21248 

Back Porch 21504 

End of IR scan 21760 

Precursor Vis 22523* 

65.70 

66.55 

67.41 

70.82 

71.67 

72.53 

7 5 . O e l  .OO 

256 0.85 

256 0.85 

1024 3.41 

256 0.85 

256 0.85 

512 1.71 

Same as  above 

Same as above 

Amplitude 0% 

Amplitude 100% 

Amplitude 0% 

12.50kllz square wave. 
amplitude. S t a r t s  72510 before nadir 

0 to  100% 

Pre-earth Synchronization 
Signal 

76.78 256 0.85 Same as IR signal Front Porch 23035 

Sync Pulse 23291 77.63 512 1 .71  Same a s  IR signal 

Back Porch 23803 79.34 256 0.85 Same as IR signal 

Space scan (pre-earth) 24059 80.19 Not clock 2.08t Amplitude 0%. Period varies 
controlled ident ical ly  with IR signal 

- - 



Table lo.-- Concluded 

After S t a r t  of I R  Precursor Duration 
Function counts* Time (msec) Counts Time (mec) Signal Characterist ics 

Earth scan Not clock 
controlled 

82.27f Not clock 
con t r o  1 led 

45.32.T Amplitude var ies  over range of 0% t o  
100%. (0% Black, 100% White). Period 
var ies  ident ical ly  with I R  channel. 

Same as IR signal 

Same a s  I R  s ignal  

Same as I R  signal 

1st Sub-Sync marker 

2nd Sub-Sync marker 

Space scan (post earth) 

27387 91.28 

118.58 

127.59 

16 0.05 

0.05 

4-64? 

35579 16 

Not clock 
controlled 

39675 

41467 

41723 

Not clock 
controlled 

Same as  IB signal  Voltage cal ibrat ion 

Visible ca l ib .  target  

Radiance cal ibrat ion 
300OK ta rge t  

Temperature sensor 
(+20 t o  34OC) 

132.24 

138.22 

139.00 

1792 5.97 

0.85 

0.85 

- 256 

256 

Same as I R  signal 

Same as IR signal 

41979 139.93 256 0.85 Same as IR signal 

Temperature sensor 
(+7 t o  +21°C) 

Temperature sensor 
(-6 t o  +8OC) 

42235 140.78 256 0.85 Same a s  IR signal 

42491 141.64 256 0.85 Same a s  IR signal 

Post-earth Synchronization Signal 

Front Porch 42747 142.49 

S y n c  Pulse 43771 145.90 

Back Porch 44027 146.76 
Multiplex tolerance 44283 147.61 
safety zone 

End of Scan 150.00 

1024 3.41 

256 0.85 

256 0.85 
-- -2.39 

Sam as IR signal 

Sam as ZR signal 

Same as IB signal  

~~~ ~ ~~~~~ ~ ~~~~ ~~~ ~~~ ~ ~~ 

* A  count is one cycle of 300-kHz square wave .  
+Spacecraft at 790 n.mi., Oo r o l l  e r ro r ,  and nominal posit ion for  start of precursor 
$ N o m i n a l  value fo r  switchover from IR t o  Visible Scan. A l l  following times assume that  t h i s  switchover is nominal. 



For record ing  on t h e  s p a c e c r a f t  t ape  r eco rde r  ( c a p a c i t y  is  
only  8% minutes of d a t a )  and f o r  real- t ime (High Resolut ion 
P i c t u r e  Transmission (HRPT)) t o  t h e  ground (S-bhnd a t  1697.5 
MHz) the  ou tpu t  of the  twosad iomete r s  w i l l  g e n e r a l l y  be com-  
bined i n  a "time-sharing" mode. Bandwidth l i m i t a t i o n s  and the  
desire t o  maintain s ignal- to-noise  ra t ios  preclude using t h e  
simultaneous ou tpu t  of a s i n g l e  radiometer  except  f o r  backup 
purposes when degraded d a t a  would be acceptab le  (see f i g u r e  9 ) .  
Since only  l i m i t e d  record ing  capac i ty  is  p r a c t i c a l  because of 
t h e  high d a t a  rates and volume, it is  n o t  p o s s i b l e . t o  format t h e  
data for  direct  t ransmiss ion  by p lay ing  back one channel f r o m  
t h e  recorder as is done w i t h  t h e  Scanning Radiometer, I n  t h e  
primary mode of  ope ra t ion  t h e  two VHRR ins t ruments  a r e  s laved  
t o g e t h e r  b u t  are e x a c t l y  180 degrees  o u t  of phase,  While radiom- 
e t e r  no. 1 is viewing t h e  e a r t h ,  no. 2 w i l l  be looking upward a t  
i ts  housing, By proper  e l e c t r o n i c  switching,  it i s  p o s s i b l e  t o  
t r a n s m i t  first t h e  i n f r a r e d  channel d a t a  from one radiometer,  
and then,  one-half mi r ro r  r o t a t i o n  per iod  l a t e r ,  t h e  v i s i b l e  
d a t a  f r o m  t h e  second, It should be noted t h a t  t h e  d a t a  from t h e  
t w o  channels  w i l l  n o t  be co inc iden t :  some o f f se t  (about  5 n.mi. 
(8  km) on the e a r t h  a t  t h e  c o n t i g u i t y  p o i n t )  w i l l  e x i s t .  P r e -  
launch alignment measurements w i l l  provide an i n d i c a t i o n  of t h e  
degree of non-coincidence; these f i g u r e s  can be used t o  c o r r e c t  
f o r  o f fse t  when g r idd ing  t h e  p i c t u r e s  a f t e r  receipt. These cor- 
r e c t i o n s  can reduce t h e  coincidence u n c e r t a i n t y  t o  less than 2 
n-mi. (4  k m ) .  To ta l  l o c a t i o n  inaccuracy, when cons ider ing  space- 
c r a f t  alktitude a s  w e l l ,  should  be less than  1/3 degree of l a t i -  

' 

tude,  o r  20  n.mi. (37  k m ) .  

En the  even t  of t h e  f a i l u r e  of a s i n g l e  VHRR inst rument ,  two 
backup data t ransmiss ion  techniques wi1.1 be a v a i l a b l e ,  The 
simplest s e l e c t i o n  w i l l  be t o  t r ansmi t  d a t a  from one channel 
only,  D a t a  format, t ransmiss ion ,  and s ignal- to-noise  r a t i o  
would then  be unchanged. I n  p l ace  of d a t a  from t h e  o t h e r  chan- 
n e l ,  backscan information wou ld  be t r ansmi t t ed  t o  complete t h e  
t i m e  f o r  a f u l l  m i r ro r  r o t a t i o n .  The second a l t e r n a t i v e  in- 
vo lves  a loss i n  e f f e c t i v e  s ignal- to-noise  ra t io .  I n  t h i s  a l t e r -  
n a t e  method, d a t a  from both  channels  of t h e  s i n g l e  o p e r a t i n g  
instrument  are frequency mult iplexed and t r ansmi t t ed .  Should a 

7The ou tpu t  from one channel of radiometer  #1 w i l l  immediately 
precede t h e  ou tpu t  of the a l t e r n a t e  channel from radiometer  #2, 
Each o u t p u t  is  p r e s e n t  du r ing  one-half t h e  per iod  necessary  f o r  
one mirror r o t a t i o n .  
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s i n g l e  instrument  f a i l ,  a choice of backup mode w i l l  be made 
a f t e r  a thorough a n a l y s i s  of u s e r  needs and requirements.  

VHRR Performance 

VHRR d a t a  can be used i n  t h e  s a m e  way t h e  S R  data a r e  used. 
The i n f r a r e d  channel ou tpu t  can be used t o  determine t h e  equiva- 
l e n t  black-body temperature of t h e  r a d i a t i n g  su r face .  The no i se  
e q u i v a l e n t  d i f f e r e n t i a l  temperature (NEAT) as measured a t  t he  
instrument  ou tpu t  is es t imated  t o  be 0.5OC ( 0.9OF) f o r  a 300°K 
(80.6OF) (27OC) scene and 2.OoC ( 3 .6OF) for  a 185OK scene. 
These va lues  w i l l  be degraded by t h e  t ransmiss ion ,  r ece iv ing ,  
and data process ing  equipment. I n  t h e  normal t ime-sharing mode 
of ope ra t ion  a t  a l o c a l  s t a t i o n  the  NEAT f o r  a 300°K scene is  
expected t o  be approximately lgo t o  2OC, f o r  a 185OK scene,  6O 
t o  8OC. 
both channels a r e  frequency mglt iplexed,  t he  NEAT w i l l  be de- 
graded t o  4O t o  5OC f o r  a 300 K scene and 20° t o  25OC f o r  a 
185OK scene. 
NEAT is  expected t o  be degraded somewhat over  t h a t  received d i -  
r e c t l y  wi thout  recording.  For a 300°K scene NEAT is e s t i q a t e d  t o  
be 2O t o  3°C; for  a 185OK scene,  1 2 O  t o  15OC. H e r e  aga in ,  s t a -  
t i s t i c a l  process ing  of  temperature d a t a  from a r e l a t i v e l y  uni- 
form r a d i a t i n g  surface should reduce t h e  u n c e r t a i n t i e s  t o  some 
e x t e n t  (perhaps by a f a c t o r  of 2). 

I n  t h e  backup mode of  ope ra t ion ,  i n  which d a t a  from 

When tape  recorded and analyzed c e n t r a l l y ,  the  

VHRR - High Resolut ion P i c t u r e  Transmission (HRPT) System 

I n  the  primary mode of ope ra t ion  (time-shared t ransmiss ion  of 
I R  d a t a  f r o m  one VHRR and v i s i b l e  channel d a t a  from t h e  second) 
t h e  composite s i g n a l  frequency modulates a 99 kHz subcarrier 
ffigure 9). I n  the  backup mode of  ope ra t ion ,  where t h e  t w o  chan- 
n e l s  of d a t a  f r o m  a s i n g l e  radiometer  a r e  frequency mult iplexed,  
t h e  ou tpu t  from one of  t he  channels w i l l  modulate t h e  99 kHz 
subcarr ier  w h i l e  t h e  ou tpu t  from t h e  o ther .modula tes  a s e p a r a t e  
249 kHz s u b c a r r i e r  ( t a b l e  11) . 

, I n  e i t h e r  mode of ope ra t ion ,  t h e  modulated s u b c a r r i e r s  w i l l ,  
i n  t u r n ,  frequency modulate one of  t h e  t w o  redundant 1697.5 MHz 
S-band t r a n s m i t t e r s  t o  produce a RF c a r r i e r  bandwidth of  1.0 
MHz. I n  t h e  primary mode, a d e v i a t i o n  r a t i o  of about  2 w i l l  be 
employed, while  i n  the backup mode, d e v i a t i o n  r a t i o s  of 1/3 t o  
1/2, w i l l  be used, r e s p e c t i v e l y ,  for  t h e  99 kHz and 249 kHz sub- 
carriers.  The ou tpu t  of each t r a n s m i t t e r  w i l l  be permanently 
connected t o  i t s  own antenna,  The r a d i a t e d  wave from e i t h e r  
w i l l  be right-hand c i r c u l a r l y  polar izkd .  Sample l i n k  ca l cu la -  
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t i o n s  a r e  given i n  Tables 1 2 ,  13 and 14. 

HRPT Receiving S t a t i o n s  

A t  t h e  l o c a l  HRPT s t a t i o n s ,  t h e  S-band s i g n a l  w i l l  be received 
by an appropr i a t e  antenna and demodulated by t h e  F M  r e c e i v e r  a s  
descr ibed  i n  t h e  next  s e c t i o n .  The s u b c a r r i e r s  w i l l  t h e n  be 
i n d i v i d u a l l y  demodulated by FM d i s c r i m i n a t o r s  t o  recover  t h e i r  
video basebands f o r  record ing  on an appropr i a t e  d i s p l a y  device.  

Antenna-Receiving System' 

I t  i s  d e s i r e d  t h a t  t h e  antenna-receiver  system provide a 
ca r r i e r - to -no i se  r a t i o  of a t  l e a s t  13.5 dB, and p r e f e r a b l y  more, 
t o  ensure  a good ope ra t ing  margin. I n  des igning  t h e  ground s t a -  
t i o n  an a n a l y s i s  should be made of  the  system t o  show t h a t  t h e  
d e s i r e d  ca r r i e r - to -no i se  and s ignal- to-noise  r a t i o s  w i l l  be m e t .  
The a n a l y s i s  should cons ider :  

Antenna ga in  and e f f i c i e n c y ,  
antenna no i se  temperature:  t h i s  could be assumed a t  

p o l a r i z a t i o n  l o s s ,  
feed assembly loss ,  
p r e s e l e c t o r  f i l t e r  l o s s ,  
p reampl i f i e r  ga in  and noise  temperature,  
frequency conve r t e r  and noise  temperature,  
cab le  loss, and 
r e c e i v e r  no i se  temperature. 

70°K (-203OC) ('-333,4OF), 

The antenna should have an a u t o t r a c k  c a p a b i l i t y  and be design- 
ed t o  r ece ive  right-hand c i r c u l a r l y  po la r i zed  s i g n a l s  from the  
s p a c e c r a f t .  The system should be designed f o r  continuous t rack-  
i n g  of o r b i t a l  pas ses  from any azimuth d i r e c t i o n  w i t h  e l e v a t i o n  
ang le s  down t o  5 degrees  above t h e  l o c a l  horizon. It may be 
d e s i r a b l e  t o  provide for remote c o n t r o l  of  t h e  antenna up t o  
1500 f t  (457 m )  dependling upon t h e  p a r t i c u l a r  i n s t a l l a t i o n )  . 
The remote c o n t r o l  u n i t  should inc lude  azimuth and e l e v a t i o n  
i n d i c a t o r s ,  autotrack/manual selector, v e l o c i t y  and p o s i t i o n  
c o n t r o l l e r s  and manual hand cranks and braking mechanisms on 
both axes. It is  recommended t h a t  a paramet r ic  a m p l i f i e r  be 
used a s  t h e  p reampl i f i e r  and t h a t  it and the  frequency conver te r  

- -. 
Compiled by D. Holmes and A. Vossler ,  NESS, Ground S y s t e m  8 

Group. 
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be mounted on t h e  antenna s t r u c t u r e  c l o s e  t o  t h e  antenna feed. 
S u f f i c i e n t  ga in  should be provided by the frequency conve r t e r  
t o  overcome cab le  l o s s e s  between the  antenna and t h e  r e c e i v e r .  

The r e c e i v e r  should be of high q u a l i t y ,  having a no i se  f i g u r e  
of no more than 10 dB.  A h i g h l y  s t a b l e ,  swi t chab le  Automatic 
Frequency Control  (AFC) c i r c u i t  should be incorpora ted .  Select- 
able In te rmedia te  Frequency bandwidths of 50, 100, and 1000 kHz 
and perhaps o t h e r s  should be considered.  The f i l t e r s  could be 
i n  plug-in module form. The f i l t e r s  should provide f o r  i n t e r -  
channel s e p a r a t i o n  i n  the backup mode of a t  l e a s t  20 dB, assum- 
i n g  the s i g n a l  power t o  be 10  d B  down a t  the 163-kHz and 185-kHz 
pass-band l i m i t s  and s i g n a l  power r o l l - o f f s  of  40 dB p e r  decade 
above and below t h e s e  frequency l i m i t s .  Considerat ion should 
be given t o  provid ing  a u x i l i a r y  ou tpu t s  a t  the analog video and 
first FM demodulator f o r  tape  recording purposes.  The ground 
s t a t i o n  e q u i p m h t  is  l i s t e d  i n  t a b l e  15 ;  t h e  block diagram f o r  
the  ground s t a t i o n  is shown i n  f i g u r e  10. 
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Table 11 .--VHRR HRPT real- t ime mode c h a r a c t e r i s t i c s  

Frequency 

Transmit t ing power output  

Transmit t ing c i r cu i t  l o s s e s  

Antenna d ire c t i v i  t y  

Antenna p o l a r i z a t i o n  

C a r r i e r  modulation 

Peak c a r r i e r  d e v i a t i o n  
normal submode 
backup submode ( I R  only- 
1 s u b c a r r i e r )  

backup submode ( I R  & v i s i b l e  
2 s u b c a r r i e r s )  

RF Spectrum bandwidth 
normal submode 
backup submode ( I R  only- 
1 s u b c a r r i e r )  

backup submode ( I R  & v i s i b l e  
2 s u b c a r r i e r s )  

Subcarrier c e n t e r  f requencies  
normal mode 
backup submode ( I R  only- 

backup submode ( I R  & v i s i b l e  
1 s u b c a r r i e r )  

2 subcadr i e r s )  

Subca r r i e r  modulation 

Peak s u b c a r r i e r  d e v i a t i o n  

Baseband video bandwidth 

1697.5 MHz 20.005% 

5 w a t t s  min. 

0.7 dB maximum 

+1.9 i i ~  minimum a t  5O e l e v a t i o n  

R i g h t  hand c i r c u l a r  

FM 

300 247 kHz 

300 247  kHz 

187 230  kHz 

0.9 MHZ 

0.9 MHZ 

1.0 MHZ 

99 L1.4 kHz 

99 21.4 kHz 

99 21.4 kHz 
249 21.2 kHz 

F M  

+29 ~ 2 . 4  kHz 

35 kHz 

- 
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Table 12 .--WRR-HRPT real-time S-hand l i n k  a n a l y s i s  ( g e n e r a l )  

Contributi,on element Gain 
-_I--- -- 

Spacecraf t  t r a n s m i t t e r  power ( 5  w a t t s )  

Spacecraf t  t r a n s m i t t e r  c i r c u i t  loss 
(est imated ) 

Spacec ra f t  antenna ga in  

Po in t ing  loss 

Path loss ( range 2180 m i l e s ;  
e l e v a t i o n  so) 

P o l a r i z a t i o n  loss 

Receiving c i r c u i t  loss 

O f f  beam loss ( r e c e i v i n g  p o i n t i n g  loss) 

37.0 dBm 

-0.70 d B  

1.90 dB 

0.0 dB 

-169.2 dB 

-0.6 dB 

-1.00 dB 

-0.50 dB 
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Table 13  .--VHRR-HRPT real-time (S-band) l i n k  a n a l y s i s  ( d e t a i l e d )  

Parabolo ida l  Ref l e c t o r  
15  f o o t  10  f o o t  Parameter 

Receiving antenna ga in  35.7 dB 32.0 dB 

To t a  1 re ce ived power -97.4 dBm -101.1 dBm 

Received noise  s p e c t r a l  d e n s i t y  -174.3 dB/Hz -174.3 dB/Hz 
(System temperature 269K) (-147.3 dBm/Hz) (-147.3 dBm/Hz) 

Received power no i se  s p e c t r a l  76.94 dB/Hz 73.3 dB/Hz 
d e n s i t y  

Received no i se  power 

I F  bandwidth: lMHz 

-60.0 dB -60.0 dB 

(-114.3 dBm) (-114.3 dBm) 

C a r r i e r  t o  no i se  r a t i o  16.94 dB 13.3 dB 

Baseband s i g n a l  t o  noise  r a t i o s  

(Peak t o  peak/nns) 

Normal mode (99 kHz) 49.3 dB 42.2 dB 

Backup mode (frequency mul t ip lex)  

(99 kHz) 33.7 dB 27.5 dB 

(249 kHz) 34.5 dB 27.4 dB 
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Table 14.0- Signal-to-noise r a t i o  f o r  VHRR H W T  real-time 
S-band l i n k ,  wors t  case a n a l y s i s  

_ ~ _  ~ ~ 

Contr ibut ing  element 1 5 '  Antenna 10' Antenna 
~ 

VHRR sensor 43.7 dB 

VHRR processor  48 dB 

S-band t r a n s m i t t e r  48 dB 

R?? l i n k  

N o r m a l  mode 49.3 dB 

Backup mode (frequency mul t ip l ex )  34 dB 

Ground r e c e i v e r  (es t imated)  48 dB 

Demodulator (es t imated  ) 50 dB 

Overa l l  system 

Normal mode 40 dB 

Backup mode 30 dB 

43.7 d B  

48 dB 

48 dB 

40.0 d B  

24.9 dB 

48 dB 

50 dB 

3 7  dB 

25 dB 
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Table lS.--VHRR-HRPT real- t ime ground s t a t i o n  equipment 

I t e m  Character  is  t i c s  

Antenna 

Preamp1 i f i e  r 

Re  ce ive  r 

Demodulator 

Type:  Parabola - t r ack ing  
Size :  10 t o  1 5  feet  
(diameter ) 
P o l a r i z a t i o n :  Right-hand c i r c u l a r  
P re - se l ec to r  loss: 1.0 dB maximum 

Type : Uncooled paramp* 
Noise f igune:  1.3 d B  maximum (10l0K) 
Gain: 1 7  dB minimum 

Type: F M  w i t h  mean-of-peaks AFC 
I F  bandwidth: 1 .0  MHz 
N o i s e  f i g u r e :  10 d B  maximum 

Type: 2 FM subcarriers 
Bandwidth: 140 kHz (ehch s u b c a r r i e r )  
Baseband o u t p u t  bandwidth: 35 kHz 

~~~ ~ 

*A cooled paramet r ic  a m p l i f i e r  is suggested f o r  u s e  w i t h  t h e  
10-foot antenna t o  maintain a reasonable margin. 
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Operat ional  L i m i t a t  ion 

The 1697.5 NHz t r ansmi t t e r  used f o r  g loba l  VKRR data t r ans -  
mission must a l so  accommodate a l l  t ransmission of recorded da ta  
t o  t h e  CDA s t a t i o n s  (Wallops I s land ,  V i rg in i a  o r  G i l m o r e  Creek, 
Alaska) . 

During tape recorder  playback t o  the CDA s t a t i o n s ,  the VHRR 
da ta ,  though remaining i n  the  s a m e  frequency domain, a r e  fre- 
quency multiplexed and are broadcast w i t h  i n s u f f i c i e n t  power 
dens i ty  (carrier dev ia t ion  reduced t o  55 kHz) t o  provide usable  
data t o  VHRR s t a t i o n s  wi th in  range of t h e  spacecraft. Usable 
data w i l l  be acquired only by the  8 5 - f t .  antenna a t  the CDA 
s t a t i o n  . 

VERTICAL TEMPERATURE PROFILE RADIOMETER 

The Vert ical  Temperature P r o f i l e  Radiometer (VTPR) is an in- 
strument designed t o  measure in f r a red  radiance i n  e i g h t  narrow- 
band spectral regions between l1 and 19 micrometers. These da t a  
can be used t o  deduce the atmospheric temperature p r o f i l e  of the  
r a d i a t i n g  column. Sensors (channels) i n  each of the s i x  spec- 
t r a l  i n t e r v a l s  of the  carbon dioxide absorp t ion  band ( table  16) 
w i l l  measure energy f r o m  a d i f f e r e n t  range of a l t i t u d e s  i n  the 
atmosphere ; t h e  atmosbheric temperature prof i le  w i l l  be deduced 
from these  measurements. Channel #1 (668.5 c m - I ) ,  the  Q branch, 
is a maximum absorp t ion  region.  A l l  energy i n  ' t h i s  wave number 
t h a t  reaches this l a y e r  f r o m  below w i l l  be ilbsorbed and re- 
r ad ia t ed  upward. The C02 acts as  a bl'ack body a t  the tempera- 
t u r e  of the  l aye r .  Thus, data from t h i s  channel can be used t o  
determine the  temperature near  the  top of the  atmosphere. Other  
channels rece ive  the i r  energy f r o m  l o w e r  l e v e l s  because the lay-  
ers of the atmosphete above the r ad ia t ing  l a y e r s  are reasonably 
t r anspa ren t  t o  t h i s  energy. Data f r o m  the water  vapor channel 
(535 ano1) are used t o  correct readings i n  other channels;  d a t a  
from the  window channel (835 cm-1) are used t o  determine su r face  
temperature i n  clear a reas  and to i nd ica t e  cloudy a reas .  I n  
cloudy a reas ,  temperature profiles can be computed upward only 
from the cloud top l e v e l .  

The VTPR inst rument  ( f igu re  11) is equ i  ped w i t h  a s ing le  
o p t i c a l  system and a p y r o e l e c t r i c  de t ec to r .  A wheel w i t h  t he  
e i g h t  f i l ters  t h a t  de f ine  the channels is  loca ted  i n  the op t i -  
c a l  pa th  i n  f r o n t  of  t he  detector. T h i s  wheel r o t a t e s  a t  1 2 0  
r p m ,  b r ing ing  each of the  e i g h t  f i l t e r s  i n t o  the f i e l d  of view 
every 62.5 mi l l i seconds .  BY t h i s  method, the da ta  from which a 
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Figure 11,--Isometric view of VTPR instrument 
(courtesy of Barnes Engineering Company) 



temperature p r o f i l e  may be deduced is obtained every  0 - 5  seconds. 
The instrument  scans  a c r o s s  and 3 1 . 4 5  degrees  t o  e i t h e r  s i d e  of 
t h e  o r b i t  p a t h  i n  2 3  equal  s t e p s ;  coverage along the s a t e l l i t e  
t r a c k  r e s u l t s  from the  movement of  t h e  s a t e l l i t e .  The scan and 
s a t e l l i t e  motion combined provides  e s s e n t i a l l y  g loba l  coverage 
except  i n  t h e  e q u a t o r i a l  reg ion  where there a r e  gaps i n  cover- 
age between success ive  o r b i t s  of t h e  s a t e l l i t e .  The instrument  
f i e l d  of view (2 .235O by 2,235O)  provides  a ground r e s o l u t i o n  
of  approximately 3 2  nomi,  by 3 2  n.mi. ( 5 9  Icm by 5 9  k m )  a t  the 
subpoin t  ( f i g u r e  4 ) .  Thus, one complete scan of 2 3  s t e p s  sweeps 
across an  a r e a  approximately 3 2  nomi. ( 5 9  k m )  w i d e  by 736 n,mi. 
(1364 km) long. The time t o  complete one scan is 1 2 . 5  seconds, 
one second of which is used f o r  t h e  scan mi r ro r  r e t r a c e  p r i o r  t o  
s t a r t i n g  a new l i n e  of d a t a ,  

The VTPR is designed t o  have an abso lu te  accuracy be t te r  than 
0 . 5  p e r c e n t  and a r e l a t i v e  accuracy between channels of  0.125 
p e r c e n t  (0.25 p e r c e n t  for t h e  Q branch) . To achieve t h i s  l e v e l  
of accuracy, i t  is necessary  t o  c a l i b r a t e  t h e  instrument  a t  f r e -  
quent  i n t e r v a l s ,  C a l i b r a t i o n  is used  t o  check t h e  abso lu te  
rad iance  c a l i b r a t i o n  and l i n e a r i t y  of t h e  instrument .  For c a l i -  
b r a t i o n ,  t h e  instrument  f i r s t  looks a t  space (4OK) for  16  sec- 
onds and then a t  an i n t e r n a l  black body source approximately 
285OK (12OC) ( 5 3 . 6 O F ) ,  for  15 seconds. Telemetry d a t a  necessary  
f o r  d a t a  i n t e r p r e t a t i o n  is  i n s e r t e d  i n  t h e  d a t a  stream dur ing  
the  I' f lyback" ( f a s t  scan  r e t r a c e )  pe r iod  and du r ing  c a l i b r a t i o n  
p e r i o d s  . 

To maintain t h e  s ignal- to-noise  r a t i o  of t h e  instrument  
through t h e  d a t a  process ing  and t ransmission l i n k ,  t h e  i n s t r u -  
ment analog o u t p u t  i s  d i g i t i z e d  ( t o  10  b i t s )  before s t o r a g e  on 
the  s p a c e c r a f t  recorder .  The s i g n a l  f r o m  t he  d e t e c t o r  is  fed  
t o  an i n t e g r a t o r  which opt imizes  t h e  system signal- to-noise  by 
a c c u r a t e l y  measuring t h e  d a t a  level. of t h e  inpu t .  From the  in-  
t e g r a t o r  t h e  s i g n a l  goes t o  a B u f f e r  A m p l i f i e r  which b r i n g s  a l l  
t h e  s i g n a l s  t o  a common b a s e l i n e  and r a i s e s  t h e  l e v e l  of t h e  Q 
branch d a t a  by a f a c t o r  of  fou r  t o  make t h e  best  u s e  of t h e  
d i g i t a l  range. T h i s  s t e p  is necessary because of t h e  l i m i t e d  
response in t h i s  narrow-bandwid t h  channel. Though rad iometr ic  
accuracy is n o t  improved by r a i s i n g  the s i g n a l  l e v e l ,  t h e  quan- 
t i z a t i o n  error (A0,5 b i t )  i s  l i m i t e d  t o  t h e  same percentage as 
t h a t  p r e s e n t  i n  d a t a  from o t h e r  channels.  F i n a l l y ,  t h e  d a t a  
a r e  d i g i t i z e d  and formatted w i t h  app ropr i a t e  te lemet ry  for s t o r -  
age on t h e  s p a c e c r a f t  recorder. 
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Table 16 .--VTPR spectral f i l t e r  characteristics 

-- - -~ ~~ 

Wave 
Channel Nwber Bandwidth Region 

1 (Q branch) 668.5 an'' 7.0 ~0.5 cm- 
. 

c02 
1 

c02 2 695 10.0 L2.5 

3 

4 

5 

725 2.0.0 +1.0 c02 
-2.0 

535 10.0 i-1.0 Water vapor 
-2.0 

83 5 8.0 +1.0 IR window 
-2.0 

6 74 7 10.0 22.5 c02 

c02 7 708 10.0 k 2 . 5  

8 677 10.0 L2.5 c02 
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Data from t h i s  instrument are no t  a v a i l a b l e  f o r  direct  t r ans -  
mission t o  l o c a l  s t a t i o n s  and can be acquired only  a t  t he  CDA’s, 
which r e t r a n s m i t  them for  c e n t r a l  p rocess ing  and a n a l y s i s .  

SOLAR PROTON MONITOR 

The So la r  Proton Monitor (SPM) measures t h e  f l u x  of  e n e r g e t i c  
particles (pro tons ,  e l e c t r o n s ,  etc.)  i n  s e v e r a l  energy ranges. 
The SPM is used t o  detect  t h e  a r r i v a l  of  e n e r g e t i c  s o l a r  pro tons  
i n  t h e  v i c i n i t y  of t h e  e a r t h .  
p a r t i c l e  f l u x  i n  s e v e r a l  ranges: p ro tons  i n  the lo-, 30- and 
60-Mev range, and e l e c t r o n s  i n  the  100- t o  750-Kev range. 
f l u x  toward the  e a r t h  a long t h e  l o c a l  v e r t i c a l  i s  measured wi th  
one set  of d e t e c t o r s .  A second se t  of d e t e c t o r s  measures t h e  
f l u x  a long  t h e  o r b i t  normal from the  s i d e  of t h e  s p a c e c r a f t  away 
f r o m  t h e  sun. 

The SPM measures t h e  e n e r g e t i c  

TMe 

The d a t a  a r e  tape  recorded i n  d i g i t a l  form and a r e  t r ansmi t t ed  
t o  t h e  ground, when h ighe r  p r i o r i t y ’  d a t a  a r e  n o t  p r e s e n t ,  by 
modulation of t h e  ITOS beacon t r a n s m i t t e r  s i g n a l  . 

The tape-recorded d a t a  a r e  quick ly  processed a t  NESS a f t e r  re- 
l a y  f r o m  a CDA s t a t i o n .  
d a t a  is s e n t  t o  the  NOAA Space Environment Laboratory a t  Boulder, 
Colorado, f o r  s o l a r  storm warning purposes.  L a t e r  a l l  the pro- 
cessed data are s e n t  t o  Boulder f o r  s tudy  and arch iv ing .  

A gkea t ly  reduced volume of processed 

’At t i tude  scanner  s i g n a l s ,  s p a c e c r a f t  t e lemet ry ,  etc.  
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U.S. DEPARTMENT OF COMMERCE 
National Oceanic end Atmospheric Administration 
Rockville, Md. 20852 

APPENDIX 

The Secretary-General becember 28, 1971 
World Meteorological  Organizat ion 
41, Avenue Giuseppe Motta 
Geneva, Switzer land 

D e a r  M r .  Secretary-General : 

Your l e t t e r  o f  14 October 1971 (25.747/0SM) so l i c i t ed  c l a r i -  
f i c a t i o n  of p l a n s  for  au tomat ic  picture  t ransmiss ions  from 
U.S.  o p e r a t i o n a l  meteoro logica l  s a t e l l i t e s  . W e  r e g r e t  t h a t  
u n c e r t a i n t i e s  appa ren t ly  cont inue to  p r e v a i l  . The fol lowing 
is  a summary of t h e  main p o i n t s  regarding our  p l a n s  f o r  t h e  
d i rec t  broadcas t  of images. 

1. The Automatic P i c t u r e  Transmission (APT) s e r v i c e ,  
def ined  as  t h e  d i r e c t  b roadcas t  o f  images i n  t h e  ve ry  high 
frequency (VHF) band (137.62 o r  137.5 MHz), and having a 
r e s o l u t i o n  on t h e  order o f  t h r e e  km, w i l l  be continued in-  
d e f i n i t e l y .  However, t h e  senso r s  used t o  o b t a i n  t h e  images 
may be changed o r  modified f r o m  t i m e  t o  t i m e .  W e  expec t  
t h a t  such changes w i l l  r e q u i r e  only  minor modi f ica t ion  t o  
e x i s t i n g  APT r e c e i v e r s  . 

2.  A s  was announced s e v e r a l  yea r s  ago, a m o s t  import- 
a n t  modi f ica t ion  of t h e  APT s e r v i c e  w i l l  be t h e  i n t r o d u c t i o n  
du r ing  1972 of s a t e l l i t e s  (ITOS-D and l a t e r  s a t e l l i t e s )  car ry-  
i n g  on1.y scanning radiometers  f o r  d i r ec t  broadcas t .  The use 
of  scanning radiometers ,  ( s i m i l a r  t o  those  used on ITOS-1 
and NOAA 1) w i l l  be continued i n  t h e  f u t u r e  so t h a t  APT ser- 
v k e  w i l l  be a v a i l a b l e  a t  n i g h t  a s  w e l l  as i n  t h e  daytime. 

3 .  ILPT broadcasts of s i g n a l s  generated by v id icon  
cameras w i l l  cont inue  (depending upon u s e r  requirements)  as 
long a s  o l d  s a t e l l i t e s  equipped wi th  such cameras cont inue  
i n  working cond i t ion ,  and should provide a pe r iod  of t r a n s i -  
t i o n  t o  complete r e l i a n c e  on scanning radiometers  f o r  APT. 
Therefore, an optimum conf igu ra t ion  f o r  APT r eco rde r s  du r ing  
t h i s  pe r iod  would be t h a t  which  r e t a i n s  t h e  opt ion  t o  d i s p l a y  
d a t a  generated by e i ther  the v id icon  camera o r  scanning r a d i -  
ometer. Ult imately,  on ly  scanning radiometers  w i l l  be used 
t o  genera te  images fo r  t h e  APT s e r v i c e .  
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4. When only  scanning radiometers  a r e  used t o  generate  
images f o r  t h e  APT service ( a s  w i l l  be t h e  case w i t h  t h e  ITOS-D 
and subsequent s p a c e c r a f t  i n  p o l a r  o r b i t ) ,  both v i s i b l e  and i n f r a -  
red channels w i l l  be broadcas t  s imultaneously dur ing  t h e  d a y l i g h t  
p o r t i o n  of  each o r b i t .  Depending on t h e  des ign  of p r e s e n t  APT 
r e c e i v e r s ,  they  w i l l  need l i t t l e  or no modi f ica t ion  t o  r ece ive  
and d i s p l a y  both channels.  To our  knowledge, a l l  e x i s t i n g  APT 
r e c e i v e r s  can be used t o  d i s p l a y ,  a t  a minimum, one or the  o t h e r  
of t h e  two channels wi thout  any modif icat ion.  

5. The Very High Resolution Radiometer (VHRR),  t o  be flown 
on the  U.S.  ope ra t iona l  meteorological  s a t e l l i t e s  i n  p o l a r  o r b i t  
(ITOS-D e t .  seq.)  beginning before the  endtof 1972, is e n t i r e l y  
un re l a t ed  t o  the  p r e s e n t  and planned APT service. The VHRR w i l l  
be used i n  a new broadcast  s e r v i c e ,  t o  be c a l l e d  t h e  "High Reso- 
l u t i o n  P i c t u r e  Transmission" (HRPT) s e r v i c e ,  and w i l l  be operated 
s e p a r a t e l y  from, b u t  s imultaneously with,  t he  APT s e r v i c e .  

I n  summary, t h e r e  w i l l  be t w o  independent cloud imaging d i rec t  
broadcas t  s e r v i c e s  which w i l l  be operated simultaneously.  The 
f i rs t  w i l l  be t h e  cont inua t ion  of the  APT s e r v i c e  on VHF which  
w i l l  r equ i r e  a s l i g h t  modi f ica t ion  t o  those APT d i s p l a y s  n o t  a l -  
ready modified f o r  scanning radiometer compa t ib i l i t y .  The second 
service t o  be introduced i n  1972 is the  HRPT s e r v i c e  which w i l l  
b roadcas t  on an S-band frequency (1697.5 MHZ) and have a resolu- 
t i o n  on a l l  channels of about one km. I n i t i a l l y  we w i l l  u s e  t he  
VHRR a s  an imaging sensor ,  with both v i s i b l e  and i n f r a r e d  chan- 
n e l s  being broadcast ,  i n  t he  HRPT s e r v i c e .  This second system 
w i l l  r e q u i r e  an e n t i r e l y  new ground s t a t i o n  because of t h e  high 
r e s o l u t i o n  and a s soc ia t ed  bandwidth. T h i s  ground s t a t i o n ,  of 
course,  is much more s o p h i s t i c a t e d  (and expensive) than t h a t  
requi red  t o  rece ive  APT da t a .  

W e  understand t h a t  there is  cons iderable  concern among some mem- 
bers having APT ground s t a t i o n s  regarding t h e  proper  d i s p l a y  of 
APT s i g n a l s  o r i g i n a t i n g  from t h e  new scanning radiometer sensor .  
W e  s h a l l  be happy t o  a s s i s t  members and t h e  s u p p l i e r s  of t h e i r  
d i s p l a y  equipment i n  f ind ing  s o l u t i o n s  t o  t h i s  problem. Anyone 
wishing t o  o b t a i n  such  a s s i s t a n c e ,  o r  more d e t a i l e d  information 
on t h e  ground equipment for t h e  HRPT s e r v i c e ,  may communicate 
w i t h  t h e  Di rec to r ,  Nat iona l  Environmental S a t e l l i t e  Serv ice ,  
Nat iona l  Oceanic and Atmospheric Adminis t ra t ion,  FOB-4, Washing- 
ton,  D. C. 20233, USA. Requests f o r  a s s i s t a n c e  on APT problems 
should include s p e c i f i c  information concerning t h e  d i s p l a y  device 
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t h e  u s e r  has  i n  s e r v i c e  or  contemplates using. Some more de- 
ta i led information concerning APT and HRPT ground s t a t i o n  requi re -  
ments w i l l  be forwarded soon i n  a supplement t o  t h i s  l e t te r .  

You may wish t o  c i rculate  t h i s  l e t t e r  f o r  t h e  information o f  
members. 

S incere ly ,  . 

/S / 
Robert M. White 
Permanent Representat ive 
of  t h e  US t o  t h e  WMO 

Enclosures  

U. 8. GOVERNMENT PRINTINa OFFICE :1972--481-332/209 
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