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,This r e p o r t  descr ibes  two models, a System Performance Model 

and a Progz3a,rn Assessment Model tha,t  have been developed t o  a , s s i s t  NASA 

ma,na,gement i n  t h e  evalua,tion of development a l t e r n a t i v e s  f o r  'the Ear th  

Observations Progra,m. Two computer models were developed, a,nd demonatra- 

t e d  on t h e  Goddard Space F l i g h t  Center Computer F a c i l i t y .  Procedures 

have been ou t l ined  Sco guide t h e  user  o f  t h e  models through s p e c i f i c  

evaluakion processes,  and t h e  prepazat ion of  inpu t s  descr ib ing  e a r t h  

observat ion needs and e a r t h  obsemration technology. These models axe 

intended t o  ass is t  NASA i n  increas ing  t h e  e f fec t iveness  of t h e  overf i l l  

Ea,rth Observation Program by providing a broa,der view of  system and 

progra8m development a l t e r n a t i v e s .  
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SUMMARY 

PROBLEM 

To develop two models, a System Ferformance,Model arid a Program 

Assessment Model, t h a t  w i l l  provide t rade-off  informaZ;ion f o r  use by 

NASA nmnagement i n  t h e  evalua t ion  and programming of development a c t i v -  

i t i e s  f o r  the  Ear th  Observation Program (EOP). 

The need f o r  such models a r i s e s  because of  t h e  d iverse  v a r i e t y  

of' u se r  needs f o r  remote-sensing information and t h e  v a r i e t y  of system 

technology which should be donsidered t o  f u l f i l l  t hese  needs. The 

models should provide a fbrmalized means f o r :  (1 )  s t r u c t u r i n g  user  

remote -sensing needs, ( , 2 )  i d e n t i f y i n g  t h e  c a p a b i l i t i e s  of a l t e r n a t i v e  

EOP systems, (3) dete&ining t h e  extent  t o  which each a l t e r n a t i v e  EOP 
/ 

system s a t i s f i e s  setfj of user  remote-sensing needs, and (4)  providing 

summary d isp lays  showing t h e  cos t ,  timing, and a n t i c i p a t e d  systems 

performance of a l t e r n a t i v e  programs f o r  e a r t h  observat ion.  

FAC1'S 

The s tudy was zonducted by t h e  Research Analysis Corporation, 

under Contract NAS-5-11398, during t h e  per iod February-December 2.971. 
NASA provided information on t h e  s t r u c t u r e  of t h e  EOP and on remote- 

sensing technology and needs. 

The vork r e s u l t e d  i n  t h e  design, programming, t e s t ,  demonstra- 

t i o n ,  and documentation of t h e  Systems Per f~rmance  and Program Assess- 

ment Model.,~, designated as t h e  EOP Management Model o r  more b r i e f l y ,  

t h e  EOP Model. The EOP Model, described here in ,  i s  opera t iona l  on t h e  

Goddard Space F l i g h t  Center (OSFC) IBM 360191 computer. 



DISCUSSION 

The NASA Ear bh O b ~ e r v a ~ t i o n  Program encompasses a. v a r i e t y  of 

cu r ren t  a.nd proposed sgacecra.ft /aixcratft  missions, ass well, a.s mi&sions 

ye t  t o  be defined. These a c t i v i t i e s  atre conducted as an integral ted 

program of a,nalysis and experimentaition, shazed wi th  t h e  u s e r  comm~1~nity, 

t o  develop s p e c i f i c  a,pplica,tions f o r  remotely-sensed information. The 

programming of resources fox- t h e  EOP must talke i n t o  account u s e r  needs, 

capa .b i l i t i e s ,  and c o s t s  o f  evolving technology, and equa,lly important,  

t h e  uncer ta , in t ies  associated with t h e  stastements of' t h e  need and t h e  

developments 1 cha+ra+cter o f  t h e  t ethnology i ~ v o l v e d ,  
b 

A v a r i e t y  of a , l t e rna t ives  f o r  implementing t h e  progra+m exists;  

both with xeespect t o  s y s t e r  conf igura t ions  and orb j . ta l  parameters. 

To a s s i s t .  i n  comparing a , l terna, t ive progra,ms al System Performance Model 

and Program Assessment Model, were developed. Although t h e s e  two models 

can be  opera.ted separa te ly ,  normaJlly they  w i l l  be  opera.ted s e q u e n t i a l l y  

as a pa l red  mod.el system, t h e  EOP Model. 

.The EOP Model i s  organized t o  accept  a s  input  a, pre-se lec ted  s e t  

of' u s e r  needs t o  be served by t h e  system(s) and a* pre-se lec ted  i d e n t i f i -  

c a t i o n  of system c ~ n f i g u r a + t i o n  a l te rna , t ives .  The model ca, lculates  

'va,lues f o r  system performance and determines t h e  ex ten t  t o  which t h i s  

system per f~rma~nce  s a . t i s f i e s  t h e  needs of t h e  users .  Additiona.lly, 

the  model e x t r a c t s ,  from a, data base,  t h e  development program c o s t s  and 

t iming associa8ted with j.mplementing t h e  system configura,tion. When 

t h i s  i n f ~ r m a ~ t i o n  i s  generated f o r  a, fa,mily of a l t e r n a t i v e  system con- 

f igura. t ions,  it provides t h e  b a s i s  f o r :  (1)  a s  a,ssessment of  t ra ,deoffs  

among aol terna8t ive conf i g ~ r a ~ t i o n s ,  and (2 )  ad d e t a i l e d  exatmination of 

t h e  performance of each a , l t  erria,tive system and development progra,m. A 

s e t  o f  EOP model outputs  i l l u s t r a , t i v e  of  t h e  i n f ~ r m a ~ t i o n  a v a i l a b l e  from 

t h e  model wa,s produced on t h e  GSFC IBM 360/91 aos a. demonstra.tion of t h e  

model spera,tion. 

The model i s  designed t o  adssirst i n  a four-s tep  EOP eva,lua>tion 

process. The first s t e p  provides f o r  an a,na,l$sis of t h e  compat ib i l i ty  

of s e t s  of  u s e r  needs. The t e c h n i c a l  ~ h a ~ r a c t e r i s t i c s  of  da,ta from 

remote sensors  needed by one pobentia, l  systems user  can d i f f e r  consid- 

e rab ly  from t h e  tec'hnica,l c h a r a c t e r i s t i c s  o f  data. needed by o t h e r  users .  

These d i f fe rences  can a , r i se  from t h e  requ i red  time in terva , l  between 



observo,tions, t h e  s p e c t r a J  ra,nge o f  t h e  sensor ,  t h e  ground reso lu t ion  

requj-red, t h e  amount of axea t o  be covered, t h e  need f o r  near-sonotant 

sun l igh t  between observat ions and from o t h e r  c h n r a c t e r i s t i c s  . The model 

user  may: (1)  examine t h e  t e c h n i c a l  c h a r a c t e r i s t i c s  of  var ious  s e t s  of 

u s e r  needs, (2 )  eva lua te  t h e  compat5bi l i ty  of var ious  combinations of 

t h e s e  s e t s ,  and (3) s e l e c t  s e t s  of use r  needs t o  be met by R common 

e ~ p e r i r n e n t a ~ l  o r  o ~ ~ e r a ~ t i o n a l  s a t e l l i t e  system, 

The second s t e p  i n  t h e  process,  System Performance kra.luation 

provides f o r  t h e  evalua t ion  of information on system performance, The 

model user  may examine t h e  t e c h n i c e l  performance of var ious  system con- 

f igura,6ions a  s operated under var ious  o r b i t a l  condi t ions.  The examina- 

t i o n  w i l l  i n d i c a t e  i n d i v i d u a l  sensor  performance and permit comparison 

of sensor opera t ion  i n  mult i -sensor  systems. Infvrmation i s  a l s o  prs -  

vided on t h e  u 'bil izatioa? o f  t h e  da,ta bandwidth and data, stlorajge caJpsci ty  

of t h e  da,ta. t ransmission por t ions  of  t h e  system. Using t h i s  informetion 

t h e  model user  may examine and rede f ine  a l t e r n a t i v e  systems.. 

The Lhird s t e p  i n  t h e  process ,  F'rograi,, Performance Evaluation, 

b r ings  together  t h e  'work completed i n  t h e  f i r s t  two s t eps .  The model 

user ,  by s e l e c t i n g  s p e c i f i c  s e t s  of use r  needs and a  s p e c i f i c  system 

configurat ion may, using t h e  resu'J_ta.n% model outpu't, examine t h e  oxtent  

t o  which t h e  designated system s a . t i s f i e s  thc  Jesignaked needs. Using 

t h i s  informatlion, t h e  model u s e r  m8.y ident i f 'y  t h e  s p e c i f i c  ins tances  

where t h e  syx'tiem S a i l s  t o  gerve pa r t i cu la ' r  needs. Based upon t h i s  

e ~ a ~ l u a t i o n  he ma.y determine t h a t  a  pa,r t icula , r  system ~ a ~ p a b i l i t y  should 

be redefined o r  s p e c i f i c  u s e r  needs a,ccommoda+ted by o the r  system s,pproa.ches. 

The f o u r t h  s tep ,  the process  l?rogra,m Alternahive Waoluation, pro- 

v ides  f o r  summary ~ompar i sons  of t h e  va.rious nee8/system combinations 

se lec ted  by t h e  model user .  Using t h i s  informaltion, t h e  modell user  maly 

condpct s e n s i t i v i t y  s t u d i e s  where e i t h e r  t h e  needs a r e  exa,mined i n  terms 

of a , l t e r i ~ a t i v e  system cunfiguxations,  or where a  system i s  examined i n  

terms of a l t e r n a t i v e  s e t s  o f  users .  With t h i s  f l e x i b i l i t y  incrementaL 

differences i n  performance can be  noted and compa.red with incremental  

d i f ferences  i n  system c o s t s  and schedules. These d i f fe rences  may be 

weighted by t h e  mode2 use r  t o  form a b a s i s  f o r  system se lec t ion .  Using 

a, s i m i l a r  a.pproach, with unce r t adn t i e s  subst i tu ' ted a,s design v a r i a t i o n s ,  

t h e  e f fec t s  of t h e  uncei*tair;ties i n  both  needs and system parameters 

may be demon~tra~ted  and included i n  t h e  planning process.  

s-3 
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Cha,pter 1 

INTRODUCTION 

,The needs f o r  ea.rth observa,tions from s a , t e l l i t e s  aze  evolving 

ra,pidly i n  t h e  a reas  of a .gr icu l ture ,  f o r e s t r y ,  w i l d l i f e  ma,na,gement, 

geodesy, ca,rtogra,phy, geology, mining , ocee.nogra,phy, hydrology, and 

o thers .  'A va , r t e tg  of d i f f e r e n t  types of da,ta, from ground, a i rborne ,  

and sa , te l l i ' te . . remote sensors  atre requi red  t o  f u l f i l l  t h e  needs a z i s i n g  

i n  t h e s e  sepa,rate resource a,reas,  Sh!it,Zzin t h e  a.rea of  sa te3  "-be systems 

many needs a,nd systems capa,bi l i tPes t o  f u l f i l l  them a,re not' y e t  w e l l  

understood. Many combina,tions of  s a h e l l i t e s  , o r b i t a , l  a l t i t u d e s  , i n c l i n a  - 
t i o n s ,  sen jo r s ,  on-boazd da,ta, processing, da,ta, tra,nsmission l i n k s ,  and 

ground s ta , t ions  aze poss ib le .  Experiments, such a,s those plamned f o r  

t h e  Ea,rth Resource Technology S a h e l l i t e  (ERTS ) , a,re !?equixeiS. t o  v e r i f y  

system c a p a b i l i t i e s  and t h e  usefulness  of  da,ta.. The choices  of  experi-  

ments t o  be conducted under t h e  Ea,rth Observation Program (EOP) a.re 

based upon an assessment o f  u s e r  needs and b e n e f i t s  a,ga,inst a,l%erna,tive 

systems ~ a ~ p a ~ b i l i t i e s  and cos t s .  

I n  recogni t ion  of t h e  v a r i e t y  of  poss ib le  system and program 

a , l t e rna t ives  , and t h e  broad scope of u s e r  needs t h e  Na,tiona.l A e r ~ n a ~ u t i c s  

and Spa,ce Administra,tion (NASA) sought development of  compu-ter models 

t o  serve  a,s management t o o l s  i n  t h e  eva,luation of  progra,mming atlternat5.ves 

f o r  t h e  EOP. 

This r e p o r t  descr ibes  t h e  r e s u l t a n t  work per fomed by  t h e  Research 

.Ana,lysis Co:rpora,tion, under Contract NAS-5-11398, Syst;em Performa.nce ' 

and Progra,m Assessment Models. The work Inas r e s u l t e d  i n  a s e t  of  compuSl;er 

programs tha,t  aze designa,ted ass the EOP Model. 

The EOP Modei i s  designed t o  a,ddress a va , r i e ty  of importalnt pro-  

gra,mming i s sues .  These atre : 



. How can t h e  needs of  d i f f e r e n t  use r s  b e s t  be a,ggreg?,ted i n t o  

compa,tible s e t s  ( s e t s  tha.t can rea.di1y be served. by one s a . t e l l i t e  pro- 

gra,m)? . m 

. Whah l e v e l  of performance can be achieved by EOP systems 

us ing  cur rzn t ,  de~elopmenta~l ,  or( proposed ca .pab i l i t i e s  of sensors ,  data, 

s to rage  devices ,  da,ta, l i n k s ,  a#nd s t a , t ions?  

. To wha,t ex tent  does a  pa8rt icula , r  EOP system conf igura t ion  

satt5,efy a, given s e t  of  user  needs? 

. Watt a,re t h e  developmental c o s t s  and t h e  prospect ive  a,va,il- 

a b i l i t x  of  such a, conf igura t ion?  

. Wha,t a,re t h e  f e a s i b l e  t r a d e o f f s  i n  performance,. c o s t ,  and 

t iming between progra,m a , l t e rna t ives?  

Use of t h e  model r equ i res  loading a, da,ta, bake with informattion 

on use r  needs and on sensor technology, c o s t s ,  a,nd. schedules s f  a,va,il- 

a b i l i t i e s  f o r  d i f f e r e n t  developments. The mod.el calcula , tes  va,rious 

measures of sensor  covera,ge f o r  d i f f e r e n t  o r b i t a , l  a . l t i t udes .  Ca,lcula8ted 

and re%rieved data, a,re provided i n  computer p r in t -ou t s .  The EOP Model 

i s  programmed i n  Mazk I V  language and ha,s been run* on t h e  IBM 360/91 
computer a t  t h e  Goddard Space F l i g h t  Center Computer Fa ,c i l i ty .  

The model had t h e  p o t e n t i a l  f o r  making t h e  following con t r ibu t ions  

t o  t h e  ma,na,gement of t h e  Eazt h  Observa,tions Pragra,m: 

. Expl ica t ion  o f  Alterna, t ives  - The model can be used t o  cornpaore 

a v a r i e t y  of system a , l t e rna t ives  from t h e  viewpoint of t h e i r  performance, 

c o s t s ,  and schedules. 

. Progra,m Selec t ion  - The model informa,.tion cam be used t o  a , s s i s t  

i n  t h e  s e l e c t i o n  o f  a, progra,m. Informakion, f o r  exa,mple, cam i l l u s t r a , t e  

t h e  extent  t o  which user  needs a r e  incremental ly  s a , t i s f i e d  by i n ~ r e m e n t a ~ l  

increased  i n  program cos t s .  

. Uniform Planning Base - The model, because o f  i t s  da,i;a, base 

on remote sensing needs and on t h e  s t a t u s  of remote sensing techriology, 

w i l l  be  u s e f u l  as a  common b a s i s  f o r  EOP planning and eva,lua,tion. 

*A t yp ica f  run requ i res  about minute CPU t ime and 1 3/4 minutes 
I/O time. 



The concept and c h a r a , c t e r i s t i c s  of t h e  EOP I$odel a4re described 

i n  Chapters 2, 3, and 4, The metbods f o r  using t h e  model I n  a four-  

s t e p  EOP evalua.t icn process  ( i ,  e.,  compa.%ibility o f  u s e r  needs, system 

performance, progra,m performance, program a . l t e rna t ives  ) a,re descr ibed 

i n  Cha,pters 5 through 8. The EOP Model inpu t ,  l og ic ,  axid output  a,re 

desc~ i ' bed  i n  t h e  ar2pendixes. Resul ts  from a model d e m ~ n s t r a ~ t l o n  on a 

sa'mple problem a r e  shown,, 



Chapter 2 

OVERlrZEW OF MODEL UTILIZATION 

MODEL GONCEPT 

The EOP Model i s  a computer-based t o o l  devised t o  assist i n  

the  d e f l n i t f  on and evalua t ion  of e a r t h  observat ions systems and t h e i r  

associa ted  development programs. 

The mode1,is designed t o  assist i n  t h e  s t r u c t u r i n g  of a v a r i e t y  

of remote sensing information needs and a v a r i e t y  of system configura- 

t i o n s  t h a t  can be implemented t o  meet these  needs. This v a r i e t y  can 

include s p e c i f i c  inpu t s  t h a t  r e f l e c t  unce r t a in ty  i n  t h e  d e f i n i t i o n  

of u s e r  needs and u n c e r t a i n t i e s  i n  t h e  performance t h a t  can be achieved 

by remote sen,sors. 

The model enables  t h e  s ysternatic comparison of t h e  per f  ormance 

sf systems a g a i n s t  needs. The r e s u l t s  i n d i c a t e  which needs a r e  satis- 

f i e d  by the  sys.t;em, t h e  development p r o j e c t s  needed t o  implement t 'ie 

system, and t h e  development cos t s .  Incremental  d i f f e rences  i n  t h e  

user  s p e c i f i c a t i o n s  o r  system s p e c i f i c a t i o n s  w i l l  y i e l d  incsemental  

d i f ferences  i n  the  ex ten t  of need s a t i s f a c t i o n  and t h e  c o s t s  of develop- 

ment. Such information w i l l  a s s i s t  t h e  model u s e r  i n  t h e  formation 

of value judgments on what program a l t e r n a t i v e  t o  recommend o r  imple- 

ment ,, 

The use  of t h e  EOP Model i s  shown schematical ly  i n  Fig. 2-1. 

The process starts wi th  an i d e n t i f i c a t i o n  of t h e  use r  needs and t h e  

systems t o  be considered. The EOP Model opera tes  on t h i s  input  t o  

produce information f o r  the  model use r  t o  evalua te  programs. When t h e  

process y i e l d s  an acceptable  program, t h e  model a c t i v i t y  m s j r  be termiii- 

a ted .  Ty-pically, t h e  process w i l l  be continued u n t i l  a choice of  
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a l t e r n a t i v e  i s  made o r  a dec i s ion  t h a t  no acceptable  combinations of 

needs and system configurat ions a r e  ava i l ab le .  

~ s ' s h o w n  i n  Fig.  2-1, t h e  use  of  t h e  EOP Model r e q u i r e s  two 

a c t i v i t i e s  f o r  the  model user .  He f j r s t  def ines  o r  s e l e c t s  t h e  needs 

and systems of i n t e r e s t .  He lakey evalua tes  t h e  information presented 

and determines a course of a c t i o n ,  

As  def ined f o r  use wi th  t h e  EOP Model, an  e a r t h  observat ion 

system i s  viewed as an informhtion flow process.  The information o r i -  

g ina tes  with t h e  Sensor ~lement*of  t h e  configurat;ion. The sensor 

h f o r m a t i o n  i s  then processed through a s e r i e s  of f u n c t i o n a l  elements : 

on-board processing, data t r a n s m i t t a l  and ground processing', f i n a l l y  

reaching s to rage  as raw sensor da ta .  For t h e  purposes of t h e  EOP 

Model, these  funct ions  axe considered as a s e t  whose components have 

been chosen t o  be compatible. The s e t  i s  designated as a s i n g l e  Down- . 
Link Element t h a t  serves t o  pass  sensclr data from t h e  remote sensing 

platform *to t h e  ground, as i l l u s t r a t e d .  i n  Fig.  2-2. 

The EOP.Mode1 includes not only  t h e  phys ica l  a spec t s  (sensor  

Elements,   own-  inks ) assoc ia ted  with t h e  mechanics of  data c o l l e c t i o n .  

It a l s o  includes t h e  software t h a t  makes t h e  d a t a  access ib le  i n  approp- 

r i a t e  form (user  ~ r o g r a n )  t o  serve  user needs ( i n  t h e  User ~ o d e l ) .  

*Refer t o  t h e  Glossa,ry for a def ini t ion of terms used i n  t h i s  
repor t .  
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Chapter 3 

PROGRAM DEFINITION 

The d e f i n i t i o n  of a program a , l te rna t ive  f o r  input  t o  the  EOP 

Model cons i s t s  of  t h e  s e l e c t i o n  of :  t h e  use r  needs be considered, 

t h e  system configurat ion t o  be considered, and t h e  e a r t h  coverage t o  

be achieved. This information i s  recorded on a Program Def in i t ion  

Worksheet, Fig. 3-1. 

USER IDENTIFICATTON 

The u s e r  i d e n t i f i c a t i o n  i s  recorded i n  Part I of the  worksheet. 

The model use r  f i r s t  def ines  the  time per iod  of i n t e r e s t .  For 

model purposes emyear, h-year, and %year per iods  a r e  s tandard.  The 

l a t e r  per iods include the  ea . r l ie r  per iods.  Only one TLne Horizon v a l w  

may be s e l e c t e d  a t  a time. 

The model u s e r  then i d e n t i f i e s  t h e  use r  needs by one of two 

methods. He e i t h e r  spec i f i e s  t h a t  the  computer s e l e c t  from a sub jec t  

a r e a  f i l e  of use r  needs, o r  from a f i l e  t h a t  i d e n t i f i e s  t h e  needs of  

p a r t i c u l a r  user  agencies (and of a l l  o r  s p e c i f i e d  a c t i v i t i e s  wi th in  

those  agencies) .  These two methods a r e  f u r t h e r  described below. 

. Subject Are- c l a s s i f i c a t i o n  of needs i n t o  one of s i x  sub- 
j e c t  a reas .  As adopted from Rzf 2 these  a r e :  a g r i c u l t u r e  
and f o r e s t r y ,  environmental changes and c u l t u r a l  resources,  
geodesy and cartography, geology and mineral  resources,  
oceanography and marine resources,  hydrology and water manage- 
ment. 

. User Activity-the i d e n t i f i c a t i o n  of t h e  p a r t i c u l a r  a c t i v i -  
t i e s  whose remote sensing needs a r e  t o  be served. This 
i n c l ~ ~ d e s  s p e c i f i c a t i o n  of  t h e  user  agency and a s e r i a l  num- 
b e r  t d e n t i f y i n g  s p a r t i c u l a r  a c t i v i t y  of t h a t  agency. Al te r -  
na t ive ly ,  a l l  the  a c t i v i t i e s  of an agency may be s e l e c t e d  
by  checking t h e  ALL box. A t o t a l  of  f i v e  a c t i v i t i e s  f o r  
e i t h e r  the  same agency o r  d i f f e r e n t  agencies  may be se lec ted .  
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S Y S W  SELECTION 

The system s e l e c t i o n  c o n s i s t s  of choosing one o r  more sensors  

and a dc:d-link t o  go with each. The choice i s  recorded i n  P a r t  2 of 

t h e  Program Def5,nition Worksheet. The s e l e c t i o n  i s  i d e n t i f i e d  by 

spec i fy ing  coded values f o r  t h e  sensor  down-Links. Tab2.e 3-1 i l l k s -  

t ~ ~ a t e s  the  code f o r  two s e n m r s  a t  two performance l e v e l s  and t h e  

4nput da ta  t h a t  must be s p e c i f i e d  f o r  oach sensor .  Table 3-2 shows 

t h e  code and input  d a t a  f o r  two s t o r e  and forward down-links. The 

xnodel user ,  having t a b l e s  such as 3-1 and 3-2 availab3.e f o r  a v a r i e t y  

of sensors  and down-links, chooses sensors  t h a t  he expects t o  be s u i t e d  

t o  t h e  needs and down-links t h a t  a r e  compatible with t h e  sensor  band- 

width. He a l s o  s p e c i f i e s  t h e  number of d a i l y  t ransmiss ions  t o  t h e  ground 

s t a t i o n ( s  ) planned f o r  t h e  s a t e l l i t e .  

EARITH C O V E ~ G E  SE&ECTION 

The e a r t h  coverage sel-ection i s  recorded i n  P a r t  3 of %he Pro- 

gram Def in i t ion  Worksheet, This i s  done i n  terms of whether coverage 

i s  b e s t  obtained from a zero d r i f t  o r b i t ,  which provides f o r  d a i l y  

coverage of s e l e c t e d  local. a reas ,  from a minimum d r i f t  o r b i t ,  which 

provides compLete covera.ge of a l l  o r  s i z e a b l e  s e c t o r s  of t h e  e a r t h  on 

a l e s s  than d a i l y  b a s i s ,  o r  from a s e l e c t e d  o r b i t ,  which provides f o r  

t h e  s p e c i f i c  needs f o r  which t h e  o r b i t  was se lec ted .  The model use r  

a l s o  s p e c i f i e s  t h e  i n c l i n a t i o n  of t h e  o r b i t .  

If  t h e  zero d r i f t  o r  minimum d r i f t  o ~ b i t s  a r e  s e l e c t e d ,  the  

requi red  e n t r i e s  on the  worksheet a r e  t h e  minimum des i red  width of 

t h e  sensor f i e l d  of  view ( t h e  ground s x a t h  width,) and t h e  o r b i t  i n c l i n -  

a t ion .  If a s e l e c t e d  o r b i t  i s  des i red  t h e  use r  must i n d i c a t e  t h e  

o r b i t  i n c l i n a t i o n  and a cons i s t en t  set of t h r e e  parameters for t h e  

o r b i t .  These a r e  *the Orbit  Cycle Period ( the  number of days between 

passing over t h e  same spo t  on t h e  e a r t h ) ,  t h e  Orbit  AJ-titude, and 

Orbi t  Cycle Revolutions ( the  number of  revolutl ions i n  one Orbi t  Cycle 

per iod) .  

The ckoice of o r b i t  i n c l i n a t i o n  i s  l a r g e l y  dependent on whether 

the  sane sun angle i s  des i red  on successive passes  over t h e  a reas  

being observed. 



Table 3-1 

SENSOR C W C l % H I S T I C S  

Angulas resolution ('1 

Characteristic 

Field of view (O) 
(cross-track) 

Spectral Lirhit (lower) .!5 M3C ,5 MIC ,4175 MIC .475 MIC 
Spectral Limit (upper) 12.6 MIC 12.6 MIC .a30 MIC .830 nzc . 

Radiome*tier 

RDM-01 RDM-0i 

Number of Spectral Bands 4 4 3 3 

PW-01 

Imager 

Sensor Data Bandwidth 2400 KHz 4800 3500 KElZ 7000 RE 

PRF-02 
IMG-01 
PW-01 

Table 3-2 

DOTrn-LINK CI~CTERISTICS 

IMG-01 
PRF-02 

Store and Forward 

Characteristf c SF-01 SF-01 
PEP-01 ~rn-02 

7 

Down-link data bandwidth 14000 ICHZ 

Down-link data storage capacity 30 Min 

Down-link data compression 
factor 

7000 IMZ 
30 Min 

1.000 



Chapter 4. 

MODEL CITAEACTERISTICS 

OvERrnW 

The EOP Model generates i n f o m ~ ~ a t i o n  on t h e  c a p a b i l i t i e s ,  cos t s ,  

and schedule of availi!,Inility of EOP systems. The c a p a b i l i t i e s  a r e  

measured i n  terms of the  coverage s t a t i s t i c s  f o r  p a r t i c u l a r  u s e r  needs. 

The cos t s  a re  those fo r  present  and proposed programs. The schedule 

o f  a v a i l a b i l i t y  ind ica tes  t h e  e a r l i e s t  da te  at  which a system could 

be opera t ive ,  based on developn!.ent schedules . 
As ou t l ined  i n  the  preceding chapter ,  t o  use the  model the  

model u s e r  s p e c i f i e s  t h e  system elements, the  e a r t h  coverage, and t h e  

u s e r  needs. The model then r e t r i e v e s  d e t a i l e d  in.formation from t h e  

data base, perfosms the  des i red  processing and generates  t h e  requi red  

d isp lays .  

The model c h a r a c t e r i s t i c s  ar? described i n  t h e  following sec- 

t i o n s  i n  terms of inputs ,  l o g i c ,  outpxts ,  and comput;er opera t ions ,  
.i 

Figure 4-1 shotss an overview of t h e  model, 

INPUTS 

The inputs  t o  the EOP Model serve t o  s e l e c t  items from a data 

base and define t h e  kind of processing t h e  i tems rece ive .  .The input  

reques t  was i l l u s t r a t e d  i t 1  i%g. 3-1. 

The da ta  base contains d e t a i l e d  desc r ip t ions  (resumes) of  the  

u s e r  needs, expressed i n  the  form of observable phenomena. The User 

0bservab:Le Resumes summariz.e t h e  ~ :ha rac te r i s tScs  of each known appl i -  

ca t ion  of  e a r t h  observat ion sensors  i n  terms of category,  sponsoring 

agency, and s p e c i f i c a t i o n  of requi red  observat ions inc luding  ground 

swat11 width, ground reso lu t ion ,  s p e c t r a l  l i m i 8 t ; s ,  sun-synchronous 

requirement, e t c .  Appendix A, descr ibes  t h e  User Observable Resumes. 
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The System Element Resumes summarize t h e  c h a r a c t e r i s t i c s  of 

each element inc luding  sensor field-of-view, angular  resolu+bion, phy- 

s i c a l  s i z 6 ,  weight, power requirements, c o s t  I n  terms of cu r ren t  and 

f u t u r e  yea r s ,  and a v a i l a b i l i t y .  The resumes inc lude  information on 

increments of performance f o r  t h e  sane system element t o  permit sen- 

s i t i v i t y  e-rrahlation of  t h e  incremental  parameters and t h e  cos t s  

a s soc ia ted  with achieving the  incremental  performance. See Appendix B. 

EOP MODEL LOGIC 

The model evaluates  a s e r i e s  of s p e c i f i c  system element conlbin- 
$ 

a t i o n s  f o r  a, s p e c i f i c  s:et of i.aser needs and a designated p a t t e r n  of 

e a r t h  coversge. 

Ear th  coverage i d e n t i f i c a t i o n  may be made by o r b i t  code i n  which 

case t h e  model s e l e c t s  from s t o r e d  o r b i t  d a t a  f i v e  p o t e n t i a l  opera t ing  

a l t i t u d e s  f o r  the' proposed systems, spaced over t h e  range from 100 t o  

900 n a u t i c a l  mi les .  The f i v e  a l t i t u d e s  permit [ the evalua t ion  of sys-  
I 

tem performance t o  be exmined at f i v e  po in t s  i n  t h e  t y p i c a l  opera t ing  

range of  e a r t h  observat ion s a t e l l i t e s .  Where f u l l  e a r t h  coverage 

(minimum d r i f t  o r b i t )  i s  required,  t h e  a l t i t u d e s  a r e  picked such t h a t  

t h e  requi red  ground swath width i s  achieved, and t h e  Orbit  Cycle Period 

i s  held t o  the  minimum t o  achieve f u l l  e a r t h  coverage ( i n  t h e  range 

of  2-20 days).  If l o c a l  e a r t h  coverage i s  requi red ,  the  f i v e  zero 

d r i f t  o r b i t s  t h a t  a re  poss ib le  i n  t h e  a l t i t u d e  range from 145 t o  905NM 

a r e  s e l e c t e d ,  

Al t e rna t ive ly ,  t h e  e a r t h  coverage i d e n t i f i c a t i o n  may be made 

by designat ion o f  a s p e c i f i c  o r b i t  (0rb5-t Al.titud.e, Orbi t  Cycle Period, 

Orb i t  Cycle Revolutions) i n  which case t h e  model accepts  t h e s e  values 

i n  l i e u  of  a t a b l e  look-up. 

Given t h e  t e c h n i c a l  c h a r a c t e r i s t i c s  f o r  t h e  system elements and 

t h e  requi red  o r b i t s ,  t h e  model e s t a b l i s h e s  by d a t a  manipulation and 

con~putation the  following : 

S p e c t r a l  Range-the d i f fe rence  between t h e  upper and lower 
l i m i t s  of s p e c t r a l  response of t h e  sensor .  

, Number of Bands-the number of s p e c t r a l  i n t e r v a l s  b u i l t  
i n t o  t h e  sensor.  . . 

. Ground Swath Width-khe cross- t rack  d i s t ance ,  on t h e  ground 
wi th in  t h e  sensor ' s  f i e l d  oT view, f o r  each a l t i t u d e  of 
i n t e r e s t .  

4-3 



. Ground Resolution--the minimum s i z e  o f  a poin t  f e a t u r e  which 
can be detected,  wi th in  t h e  sensor  field-of-view, f o r  each 

, a l t i t u d e  of  i n t e r e s t .  

. Orbi t  Cycle Period-the number of days t o  generate  one 
p a t t e r n  of e a r t h  coverage. 

. Sensed Earth Fraction-the f r a c t i o n  of  t h e  e a r t h  sur face  
(whole e a r t h  = L,o) t h a t  must be viewed by a p a r t i c u l a r  
sensor  as ca1cu:lated from t h e  coverage needs o f  the  u s e r  
a c t i v i t i e s ,  

. Ty-pe 13lumination--whether sun syn~hronous  o r  non-sun synchro- 
ous . 

The compat ib i l i ty  of t h e  sensor requirements with t h e  down-link 

elements i s  evaluated by computing.: 

. Frac t ion  of Link Input Bandwidth Utilized-a raLio  of the  
sensor  bandwidth t o  t h e  input  bandwidth .of t h e  down-link. 

. Frac t ion  of Link Storage Capacity Utilized- r a t i o  of t h e  
time the  sensor  w i l l  c o l l e c t  d a t a  (between t ransmissions t o  
a ground s t a t i o n )  t o  t h e  on-board daha s torage capaci ty .  

The system o r b i t a l  weight i s  computed by r e t r i e v i n g  the  weights 

of t h e i f l i g h t  elements o f  the  system and computing the  sum of these  

weights as a f l i g h t  payload. This value i s  then  used t o  i d e n t i f y  t h e  

type of boos ter  ( ~ e f  4 )  t h a t  w i l l  l i f t  t h i s  payloa,d i n t o  t h e  a . l t i t ude  ra,nges 

at  which the  system performance has been ca lcula ted .  

The a c t u a l  eva lua t ion  of  element performance i s  made by compar- 

ing  pre-cLously computed values wi th  des i red  VEI~LIPS of recp~.i.remen%a, 

If they  a r e  met a 1 i s  assigned,  i f  not a 0 ,  g iv ing  a b inary  requi re-  

ment by reqyfrement evalua t ion  o f  performance. 

System cos t s  a r e  evaluated by r e t r i e v i n g  from t h e  d a t a  base 

t h e  development cos t s  o f  t h e  i n d i v i d u a l  co~nponents of  t h e  system, 

These i n d i v i d u a l  cos t s  a r e  ordered by hardware and software and iden- 

t i f i e d  f o r  t h e  current  f i s c a l  year ,  upcoming (budget) f i s c a l  year ,  

p r i o r  cos t s ,  and cost-to-completion (outer  f i s c a l  yea r s ) .  The i n d i v i -  

dual  cos ts  a r e  then  aggregated i n t o  two ca tegor ies ,  the  c o s t s  associat;ed 

with on-going work and t h e  cos t s  a s soc ia ted  wi th  proposed work i f  t h e  

p a r t i c u l a r  system involved i s  t o  be implemented. These two aggregated 

cos t s  a r e  then summed t o  e s t a b l i s h  a s i n g l e  t o t a l  program cos t s ,   h he 
cos t s  ~nn,der d iscuss ion  may or  m y  not be t o t a l l y  chargeable t o  system 

under cons idera t ion  depending upon t h e  extent  t o  which t h e  developments 



c o s t s  ma,y be shared by  o t h e r  systems: e i t l i e r  programmed or proposed. 

The c o s t s  computed by t h e  model a,re thus  ma.ximwn c o s t s . )  

System t iming i s  developed by r e t r i e v i n g  from t h e  d a t a  base t h e  

f i s c a l  yeaz of a , v a i l a k i l i t y  of  each of  t h e  components of  t h e  system. 

The i n d i v i d u a l  f i s c a l  yea,rs o f  a v a i l n k i l i t y  of hardwaze a,nd softwaxe adre 

displa'yed with a common eime base  t o  permit re la . t ive  t ime  comparison.^ o f  

ind iv idua l  dsvel.opmen.f;s in, t h e  program. The model a81so i d e n t i f i e s  t h e  

development which extends t h e  longes t  i n t o  t h e  f u t u r e  and s e l e c t s  i t s  

a,ssociated f i s c a l  year  ads .!;he e a r l i e s t  t ime t h e  system could be a8va,ila;ble 

f o r  f l i g h t .  
I 

A more d e t a i l e d  d e f i n i t i o n  of t h e  model l o g i c ,  including t h e  

a n a l y t i c a l  expressions used, i s  described i n  Appendix F. 

OUTPUTS 

The outpubs of t h e  model a s  shown i n  Fig.  4-1 a r e  produced by 

t h e  Display Generation Process and a r e  organized t o  provide, informa,tion 

i n  four  ca tegor ies  as follows: 

User Need Evaluakion 

Need evalua,t ion information i s  provided by two d i sp lay  types.  

The User Observables (EOP-1) d i sp lay  summa,rizes by means of s t a t i s t i c a l  

measures of minimum, maximum, mean, and frequency count, t h e  technica, l  

c h a r a c t e ~ ~ i s ' t i c s  of t h e  use r  w e d s  under con aide ratio^, The User Obsenr- 

ab les  Messa,ge L i s t  (EOP-N) i d e n t i f i e s  f o r  ind iv idua l  needs any s p e c i a l  

aspects ,  ecsen t i a , l  t o  i t s  implementa;Sion, not accounted f o r  b y  model 

operat ion.  

System Performance Eka,luat ion  

System performaxce evalua,tion information i s  provided by two 

d isp lays .  The System Performance S w a , r y  (EOP-2 ) i n d i c a t e s  t h e  pre- 

d ic t ed  performance of each sensor  i n  t h e  system f o r  t h e  var ious 

a l t i t u d e s  considered. It a l s o  indicakes t h e  predic ted  performance of 

each down-link i n  t h e  system. The System Elemerlt Messa,ge L i s t  (EOP-2~)  

i d e n t i f i e s  f o r  i ~ i d i v i d u a l  sgsvbem elements, any s p e c i a l  aspect ,  e s sen t i a , l  

t o  i t s  implementation, not accounted f o r  by model operat ion.  

Program Performance Eva,luation 

Program performance evalua t ion  information i s  provided by t h r e e  

d i sp lay  types.  The Program Performance Summa,ry (EOP-4 ) i i idicates  t h e  



e x t e ~ t  t o  which individual  sensors i n  t he  system s a t i s f y  individual  user  

needs a t  each of t h e  a l t i t u d e s  under 'consideration. The Program Cost 

Summary (EOP-5 ) i temizes t h e  individual  development cos t  of system hard- 

wa,re and software elemelrts f o r  current  and fu tu re  yea8rs, The Program 

Timing ]Matrix (EOP-6) arrLtys the  individual  system elements a.ga,inst the  

yea,r of t h e i r  a v a i l a b i l i t y  from t h e  development process. 

Program Alternat ive  Evaluation 

The program a l t e rna t ive  evaluation is.swnma,rized i n  a s ing le  

d i sp lay  type. The Program Alternative! Summary (EOP-3) indicates ,  f o r  the  

program a, l ternat ive under consideration, t h e  percent of t h e  individua,l 

needs s a t i s f i ed ,  t h e  development cos ts ,  the  e a z l i e s t  launch opportunity 

and the  l i k e l y  launch vehicle.  The information i s  arrayed i n  a compact 

format t o  ' f a c i l i t a t e  comparison with similar information f o r  o ther  a l t e r -  

na t ives  under congideration, 

The individua,l displays anre i l l u s t r a t e d  a,ppropria,te poirlts i n  

t h e  discussion of t he  evaluak ion process i n  subsequent chapters and 

cataloged f o r  general  reference i n  Appendix E. 

MODEL OPEMTION 

The EOP Model i s  wr i t t en  i n  ?!4ARK IF and i s  opersbl$ on t h e  

Goddard Space F l igh t  Center 360/91. Operation of t h e  model i s  accom- 

p l i shed  through preparat ion of  word inputs aild job execution as described 

i n  Appendix C. 

MODEX DEMONSTREITION 

The EOP Model, as exercised on a, pa r t i cu l a r  s e t  of use r  needs fo r  

t h e  purpose o f  dernonstra-bing the  ove ra l l  model operating capabi l i ty  i s  

described I n  Appendix Dm 

*A propr ie ta ry  software package of Informatics,  Inc , ,  Canoga, 
Park,  Calf., avai lable  on the  GSFC 360/91. 

t A typ i ca l  run operates with 114 min CPU time and 1 3/4 min 
I/O time, 



Chapter 5 

ANALYSIS OF COMPATIBILITY OF USER NEEDS 

 h he key question i n  t h i s  chapter i s :  "How can the needs of 

dif ferent  users best be aggregated i n t o  compatible se t s?"  It i s  pos- 

s ib le  t o  s a t i s f y  several potent ia l  users with o n e , s a t e l l i t e  program. 

In  such cases the types of data and the areas of coverage desired by 

the users a re  consistent and compatible. The User Need Evaluation 

portion of the EOP Model i s  destgned t o  help answer the aboye question. 

EOP MODEL OUTPUTS USED FOR EVALUATION 

To use the EOP Model for User Need Evaluatior'i, the  model user 

must select  the  par t icular  s e t  of needs he wishes t o  consider, This 

consists of h i s  identifying the time horizon and the class of user 

needs of in t e res t .  The needs are  classed e i the r  i n  a general way 

(e.g., agriculture and forestry ,  geodesy and cartography) or i n  a 

specif ic  way as defined by par t icular  users. 

I n  response t o  t h i s  input specification,  two outputs are  pro- 

duced by the EOI? Model, EOP-1, en t i t led ,  "User ~bservables"  and EOP-lA, 

called "User Observations Message List .  " EOP-1 provides s t a t i s t i c a l  

information on the s e t  of observables addressed by the program. For 

each sensor type, i t  provides information on ranges, type illumination, 

and ear th  coverage requirements. The EOP-1A output i s  an adjunct 

tha t  itemizes miscellaneous messages on f i l e  f o r  each observable under 

consideration. 

Table 5-1 i s  a composite of the information from the several 

computer printouts included i n  Report EOP-1. This shows the user 

requirements for two sensor types i n  terms of the spec t ra l  range 



Table 5-1 

USER NEEDS FOR IENOTE SEiEING 

I M G O l  

(imager-return 
beam vidicon) 

RDM01 

(~adiome t e r  - 
multiapectral 
scanner) 

Sensor 

100 
100 
100 
LOO 
100 
100 
100 
100 
100 
100 

200 
200 
600 
600 
200 
200 
600 
600 
200 
Goo 

Acceptable 

60 Y ~ S  cant U S A ~  ,014800 
60 
60 
60 
60 
60 
60 
60 

Ground 
Swath 
Width 
(NM) 

--2 

Spectral 
Range 

Sun 
Sychronous 

Ground 
Resolution 
Required 

Yes USA k e a  ga .001950 

No. of 
Bands 

Interval 3etween 
Observations 

Days - 

- - -- - - - -  - - -- 

a As defined i n  Task 2 Report, Appendix D. 

Eaxth 
Coverage 

- 

Sensed Easth 
Fraction 



required, the number of bands, the  width of the ground swath t o  be 

observed, the ground resolution required, the acceptable in t e rva l  

betwen observations, whether sun synchronous observations are  required, 

the area of ear th  coverage required, and khe f rac t ion  of the ear th  

area t h i s  coverage represents. These data a re  representative and are 

used i n  the examples that  carry i&rough the remainder of the report.  

Table 5-2 gives the data from an EOP-lA report ,  the miscellan- 

eous comments about the observables. The f irst  column i s  an iden t i f i -  

cation number t h a t  codes the user agency and other information. The 

other columns require no explanation. 

SUMMARY OF EVALUATION PROCESS 

The basic issues facing the decision malcer'with respect t o  User 

Need Evaluation are: 

. What ar'e the technical character is t ics  of user needs? 

. How should these needs be aggregated i n  the planning of EOP 

systems? 

Behind these issues are two assumptk~is. F i r s t ,  t ha t  needs, fo r  a 

var ie ty  of technical  and administrative reaons, are  distr ibuted over 

time in to  the future ,  and thus some needs may be served before others. 

Second, tha t  needs may be served by a var ie ty  of c o n f i ~ a t i o n s .  There 

i s  a problem of choice then as t o  the grouping of needs in to  se t s  

that  nay be served a t  future times. The systexn configuration problem 

i s  addressed i n  a l a t e r  cha,pter. 

Evaluation Steps 

The process of need evaluation i s  carried out i n  a ser ies  of 

basic steps tha t  allow the model user t o  in te rpre t  the technical 

character is t ics  of the'needs i n  a manner tha t  emphasizes t h e i r  consis- 

tency and compatibility. These steps consider i n  turn, the number of 

observables present, sensor type requirements, swath width needs, 

i2.1w.ination types, ear th  coverage requirements, and da i ly  transmissions 

necessary. 

Possible Determinations of the Evaluation 

The overal l  res'ult  of the need evaluation f o r  a par t icular  need 

s e t  i s  a determination t o  do one of the following: 



Table 5-2 

USER CBSERVABIES MESSAGE LIST 

11-010101-0101 100 NM 200 Ft Experimental Sensor Spec t rd  L imi t s  Exceed geed 
11-010201-0101 100 NM 200 Ft Experimental Sensor Spectral Limits Exceed Need 
11-010301-0101 100 NM 600 ~t E-qerinental Sensor Spectral Limits Exceed Need 
11-0101;-01-0101 100 NM 600 ~t Experimental Sensor Spectral TJmits Exceed Need 
11-020191-0101 100 ?lM ,200 Ft  Experimental 

ul 
I 

11-020201-0101 100 NM -200 Ft  Experimental 
-C 11-020301-0101 100 NM 600 ~t Experimental 

11-020401-0101 l @ O  NM 600 ~t Experimental 
11-040101-0101 1C3 NM 200 Ft Experimental 
11-040201-0101 100 NM 600 ~t Experimental 
22-040101-0101 100 NM 100 Ft Experimental Sensor Number of Bands Exceed Need 
22-040201-0101 100 NM 100 Ft Experimental Sensor Number of Sands Exceed Need 
22-040301-0101 100 NM 300 Ft  Exper-hental Sensor N d e r  of Bands Exceed Need 
22-040401-0101 100 NM 300 Ft  E.lrperimenta1 Sensor Number of Bands Exceed Heed 
22-050101-0101 100 NM 100 Ft  Experimental 
22-050201-0101 100 NM 100 Ft  Experimental 
22-050301-0101 100NM 300 Ft Eqerimental 
22-050401-0101 100 NM 300 Ft Experimental 

- 

Ground 
Ground 

Observable Resolutic\n 
Number A t  Least At Nost Status Message 



. - Consider Nced Bet.  The nccds as a@gregated arc cons i s t en t  
aizd compatibLo and chould bs conaidercd f u r t h e r  i n  t h e  plni. a 
ning process.  

. Redefine Need Se t .  The needsas aggregated arc rot; s u l f i -  
cientLy cons i s t en t  o r  compatible t o  be u s e f u l  i n  planning. 
However, v a r i a t i o n s  i n  the  s e t  composition a p p e a r  f e a s i b l e ,  
and should be considered. 

. Discard Need Set .  The needs a r e  too  incons i s t en t  o r  incorn- 
p a t i b l e  t o  be u s e f u l  f o r  planning purposes. No f u r t h e r  con- 
s i d e r a t i o n  should be given t o  t h e i r  implementation as a 
group. 

Need Evaluation Worksheet 

To a s s i s t  i n  t h e  evalua t ion  process ,  a Need Evaluat ion Worksheet 

i s  provided (see Fig.  5-11? 'The worksheet i d e n t i f i e s ,  f o r  each model 

output ,  t h e  p r i n c i p l e  c r i t e r i a  f o r  eva lua t ion  and provides space f o r  

t h e  model user  t o  record h i s  assessment. I n  each case t h e  c r i t e r i o n  

i s  given wi th  a p ~ r a m e t e r  i n d i c a t i n g  t h e  percent  of w e d s  served. 

This percent  value may be spec i f i ed  a, p r i o r i ,  o r  may be es t ab l i shed  

a t  t h e  time of t h e  evalua t ion  basAd on t h e  c h a r a c t e r i s t i c s  of t h e  

needs. The percent  value i s  chosen t o  be appropr ia te  f o r  t h e  parameter 

under consideradtion and may d i f f e r  from parameter t o  par mete^ .as judged 

by t h e  model uper. 

+A blank copy of' t h i s  and t h e  o t h e r  forms used i n  conjunction wi th  
opera t ion  o f  t h e  EOP model a r e  compiled f o r  re ference  i n  Appendix J. 



Sun-Sync 

Non Sun-Sync 

Fig. 5-1-Need Evaluatior. "i'lorksheet 
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- 
NEED EVALUATION WORKSHEET 

- 

OPTION ?do. 

01 

Evaluation 

- 
No. of Obs 

RD,rI-Ol Type 1 - 10 

Type 2 
IIG-01 8 

TYPe 3 - - 
Swath Width 100 NM 

Full  coverage 

Partial coverage 

Dai ly Tran sm its I 

Evaluation Summary 

(x Consider Need Set 

Redefine Need Set 

Discard Need Set 

item Model Information Evaluation Cri terla 

EOP-1 
Part 1 

lmagory 
Stat istics 

EOP-1 
Par: II 

TY pe 
Illumination 
Frequencies 

- 
EOP-1 
Part Ill 

Earth 
Coverage 

Frequencies 

EOP-1 
Part IV 

Sensed Earth 
Fraction 

l tem 

Number of Observables 

Minimum number of sensor types of 
100 % of observables serve 

1 

2 

3 

6 Restricted t o  Contigous US 

Ground swath width to serve 1 0 0  p!  
of observables 

Illumination type to serve loo % of 
observables 

4 

5 

I 

Earth coverage type to serve l o o  % 
of observabies 

6 

7 

100 i s  Fraction multiplied by 
estimate of daily number of transmits 
for 1 ..". station ground network 

8 

Act ion 



G h ~ p t e r  6 

SYSmM ~WORMA%CE EVALUATION 

I N T R O D ~ T I O N  

The key quest io2 i n  t h e  System Performance Evaluation i s :  "what 

Levels of  performance can be achieved. by EOP systems u s i n g  cur ren t ,  

developmental o r  proposed sensor  and gown-link c a p a b i l i t i e s ? "  An EOP 

sys tern i s  defined' by spec i fy ing  t h e  gensor elements, t h e i r  a s soc ia ted  

down-link elements, and t h e  e a r t h  coverage t o  be achieved by t h e  system, 

The sensors  a r e  compared at d i f f e r e n t  w b i t a l  a l t i t u d e s  and 

i n c l i n a t i o n s .  The a l t i t u d e ,  f o r  a given sensor ,  a f f e c t s  t h e  ground 

swath Width viewed by t h e  sensor.  The a l t i t u d e  and t h e  i n c l i n a t i o n  of 

.the orbit  a f f e c t  the  type of earth coverage provided by t h e  syskem. 

Also included i n  t h e  System Performance Evaluat ion a r e  compari- 

sons o f :  (1) t h e  amount of bandwidth t h a t  i s  needed vs t h e  amount 

a v a i l a b l e  f o r  t r a n s f e r i n g  t h e  sensed d a t a  from s a t e l l i t e  t o  ground s41;a- 

t i o n ,  and (2 )  t h e  amount of  d a t a  s to rage  capac i ty  provided on-board t h e  

s a t e l l i t e  compared t o  t h e  amount t h a t  i s  needed. The bandwidth eorpar i -  

son i s  t o  i n d i c a t e  whebher a s u i t a b l e  match has been chosen between 

sensor  and t h e  bandwidth capaci ty  of  t h e  down l i n k  including t h e  opera- 

t i o n  of  an on-board da ta  compression c a p a b i l i t y  i f  such i s  intended. 

The s to rage  capaci ty  comparison i s  a func t ion  of t h e  sensor  recording  

time a v a i l a b l e  on the  s a t e l l i t e  and of how much o f  t h e  e a r t h  i s  t o  be 

scanned on a sequence of o r b i t s  that occur between t ransmissions t o  a 

ground etaation. A s ing le  tra,r~sm"lssion y e r  day, f o r  example, s i m p l i f i e s  

t h e  ground f a c i l i t y  and opera t iona l  requirements, but  inc reases  t h e .  

on-board s torage  capacity.  



CHOICE OF OlRBITS 

The choice of o r b i t  depends o n ' t h e  mission of  t h e  pragram. I f  
I 

t h e  mission i s ,  f o r  example, t o  focus on one small s e c t o r  o f  t h e  e a r t h ,  

say  t h e  Chesapeake Bay, then a zero d r i f t  o rb i t*  can be chosen, t h a t  

i s ,  one i n  which t h e  Bay w i l l  be  observed each day. I f ,  on t h e  o the r  

hand, coverage of a l a r g e r  s e c t o r  i s  requi red ,  say of  t h e  en%ire United 
t Skates ,  then  a minimum d r i f t  ie required.  

The u s e r  of  the  EOPModel can s e l e c t  e i t h e r  a zero d r i f t  o r b i t  

o r  a minimum d r i f t  o r b i t ,  o r  he can spec i fy  a p a r t i c u l a r  o r b i t  i n  terms 

o f  a cons i s t en t  s e t  of t h ~ e e  parameters: Orbit  Al t i tude ,  O r b i t a l  Cycle 

Period, and Orbit  Cycle Revolutions. If t h e  u s e r  d.oes n o t  s 'elect  an 

o r b i t ,  t h e  model w i l l  s e l e c t  f i v e  r ep resen ta t ive  minimum d r i f t  o r b i t s  

wi th  a l t i t u d e s  ranging from about 100 t o  900 n a u t i c a l  miles.  

The i n c l i n q t i o n  of the  o r b i t  i s  a l s o  s e l e c t e d  by t h e  user .  If 

he d e s i r e s  t h a t  t h e  sun angle be t h e  same on each pass  over a given 

po in t  on the  e a r t h ' s  surface (sun synchronous o r b i t ) ,  he w i l l  choose 

an  i n c l i n a t i o n  of approximrttely 99' (see Fig.  11, Ref 3). 

EVALUATION OF ORBITAL CHOICES 

The EOP Model provides an  output t h a t  gives  measures of sensor 

performance. An example i s  given i n  Table 6-1 f o r  f i v e  minimum d r i f t  

o r b i t s .  I n  t h i s  cnble t h e  f i r s t  sensor (IMGOI. PRFO~)  i s  a imager at  

performance l e v e l  1, as ind iza ted  i n  Table 3-1. The second sensor  

(RDMOL P R F O ~ )  i s  a radiometer. Both sen.sors hava approximately t h e  

same f i e l d  of view, as evidenced by t h e i r  having s u b s t a n t i a l l y  t h e  

same ground swath width. The imager has b e t t e r  r e s o l u t i o n ,  as i s  evi-  

dent i n  t h e  t a b l e .  

If the  model user  i s  i n t e r e s t e d  i n  f u l l  e a r t h  coverage, only  

tk.e two upper a l t i t u d e s  appear t o  satisfyA t h e  requirement. Nevertheless ,  

*Zero d r i f t  o r b i t  - a c i r c u l a r  o r b i t  with a period such t h a t  t h e  
e a r t h ' s  coverage p a t t e r n  i s  repeated on a d a i l y  b a s i s  (see Ref 3) .  

k n i m u m  di.i??t oxb=t - an o r b i t  w i t h  an e a s t e r l y  o r  wes te r ly  
movement of t h e  ground t r a c k  such t h a t  each day's p a t t e r n  o f  t h e  cover- 
age i s  adjacent  t o  t h a t  of the  previous day u n t i l  f u l l  e a r t h  coverage 
i s  achieved (see  Ref 3).  



Table 6-1 

SYSTEM PERFOWUIYCE S-Y 

Part 1 - Sensor Performance 

XivIGOl Altitude -W 142 300 486 
PW01 

Orbital  Cycle Period, Days 13 14 15 

~ e v o l u t i o n s / ~ y c l e  209 211 211 

Ground Swath Width, NM 28 60 93 

Sensor and 
Perf omance 

Level 

Ground Resolution, FT 30.1 63.6 103.1 

Swept Earth Fraction .27 59 95 

RDEO1 Altitude NM 142 300 486 

Variable 

Orbital  Cycle Periad, Days 13 

~ e v o l u t i o n s / ~ y c l e  209 211 211 

Ground Swath Width, NM 28 60 98 

Altitude Range 

Ground Resolution, FT 75.2 159.0 257.6 - 
Swept Earth Fraction .27 59 96 

L 
7 2 3 4 5 



t h e  t h i r d  o r b i t  at 486 NM provides f o r  a Swept Ear th  Fraction* of 0.95 

o r  0.96 at  the  equator .  For cases  where sensor observat ions w i l l  be 

made i n  rekions somewhat o f f  t h e  equator f u l l  coverage w i l l  be obtained. 

Hence, t h e  user  could consider t h i s  lower o r b i t  wi th  5 . t ~  bet . ter  ground 

r e s o l u t i o n  than at the  two h igher  a , l t i t udes .  Should f u l l  coverage at  

t h e  equator be des i red  a s l i g h t l y  higher  o r b i t  might be examined, o r  a 

sensor  wi th  d i f f e r e n t  imagery parameters could be considered. 

If  the  u s e r  i s  i n t e r e s t e d  i n  coverage of  one small a r e a  of  t h e  

e a r t h ,  he w i l l  s p e c i f y  one o r  more of t h e  zero d r i f t  o r b i t s .  The 

ground swath width and t h e  ground r e s o l u t i o n  w i l l  again be ca lcu la ted  

f o r  given sensors  t o  compare aga ins t  requiremenat s . 
Th,e comparison of t h e  ground r e s o l u t i o n  wi th  the  user  needs i s  

made a s  pakt  of t h e  Program Perfomance Evaluation. This eva lua t ion  

i s  described i n  t h e  next chapter .  

Where s e v e r a l  sensors  a r e  involved t h e  use r  must e w l u a t e  whether 

t h e  coverage achieved by each sensor i s  adequa+e at one o r  nore common 

a l t i t u d e s ,  

ETJffiUATION OF DOTm--LINK ELEMENTS 

For the  down-link a ~ g o c i a t e d  wi th  each sensor,  t h e  EOP Model 

p r i n t s  a comparison of usage of bandwidth and d a t a  s torage  capaci ty .  

Table 6-2 i d e n t i f i e s  each down-link ( S F O ~ )  with i t s  sensor.  The t a b l e  

shows t h e  da ta  cornpression f a c t o r ,  i f  any, t k l ?  bandwidth of t h e  d a t a  

l i n k ,  t h e  f r a c t i o n  of t h e  bandwidth used, the  nu3ber of t ransmissions 

p e r  O r b i t a l  Cycle Period, t h e  number of minutes of d a t a  s torage  ca-pa- 

c i t y ,  and t h e  f r a c t i o n  of the  l i n k  capaci ty  t h a t  i s  used, 

The da ta  bandwidth i s  simply t h e  r a t i o  of  sensor  bandwidth 

(mul t ip l i ed  by t h e  compression f a c t o r )  divided by t h e  l i n k  bandwidth. 

For  e f f i c i e n t  l i n k  usage the  r a t i o  should be i n  t h e  vicinj . ty of 0.5 

t o  1.0. 

?lie usage' of  s torage  capaci ty  i s  ca lcu la ted  from an approximate 

r e l a t i o n s h i p  found i n  t h e  Task 2 repor t .  It r e f l e c t s  t h e  mount  of  

3cThe Swept Ear th  F rac t ion  i s  t h e  percent  of  t h e  e a r t h ' s  circtm- 
ference at  the  equator  t h a t  i s  covered by t h e  sensor  f i e l d  of view ( t h e  
ground swath width)  i n  one O r b i t a l  Cycle Period, i.e., i n  t h e  i n t e r v a l  
between t h e  times the  s a t e l l i 4 t e  passesd aver the stme spot  om. t h e  e a r t h .  



Table 6-2 

SYSTEM P E R F O ~ C ' 4  SUMMARY 

Par t  I1 - Down Link- Perfomance 

I I / Link Link  I No. of 1 Link Data Stcrage 
Sensor I Compression Data 33% 1 Data BW 

Link I Served Factor (KfIZ) 1 Util ized I EPdgP; I ~ a m ~ ~ ~ ~ ~ ~ ~  TJs ed 



ea r th  a,rea that; i s  t o  be observed between down-Link transmissions, the 

time required t o  observe tha t  much area, and the amount of time (capa- 

c i t y )  available for  data storage. 

I n  the  example i n  T... .ble 6-2 the radiometer shows a usage of only 

3% of the storage capacity. This means tha t  the area required t o  be 

sensed was only about one eighth ( .03/.23) of tha t  f o r  the imager ( i n  

keeping with the sensed earth f rac t ion  shown for  each of the sensors 

i n  Table 5-1). 

SUMMARY OF EVALUATION PROCESS 
I 

The key issue with respect t o  System Performance Evaluation i s :  

What levels  af pe:rformamce car, be achieved by EOP sys- 
tems using technology as available, under development, or ,  
proposed? 

The evaluation i s  carried out i n  a ser ies  of steps tha t  consider 

Yne system performance of' the  sensor elements and the system performance 

of the down-link elements. The steps are as follows: 

(I)  Sensor Operatoring Altitude, 

(a,) I n  frequent use of the model, the  system performance 

w i l l  be evaluated a t  f ive  operating a l t i tudes  spaced uniformly across 

a range of a,ltitudes from 2-00 t o  900 nautical  miles. The model user 

must determine tha t  one qr more of these a l t i tudes  s a t i s f i e s  the need 

f o r  earth coverage. \$here f u l l  ear th  coverage i s  needed, the  user must 

determine, f o r  each sensor type, the  a l t i tude(s1  a t  which the Swept 

Earth Fraction equals .or exceeds one. Where t h i s  conrlition does not 

occur a t  any a l t i tude ,  the system must be redefined. 

(b )  Where localized ear th  coverage i s  needed, zero d r i f t  

o rb i t s  w i l l  usually be specified and the model user must determine 

f o r  each sensor type, the a l t i t u d e ( s )  a t  which the sensor swath width 

equals or exceeds the minimum swath width ident i f ied  i n  the input. 

Where th i s  condition does not occur a t  any' a l t i t ude ,  the system must 
I 

be redefined. 

(2 )  Common Sensor Operating Altitude. The model user must 

detemine tha t  the coverage (fu .11 o r  p a r t i a l ) ,  as achieved by each 

sensor type, occurs a t  one o r  more common a l t i tudes  (i .e., a l l  sensa?:a 

may operate effect ively i n  a t  l e a s t  one o rb i t ) .  

6-6 



(3) Down-Link U t i l i z a t i o n .  A $eparate down-link i s  provided i n  

the  system t o  process t h e  sensor  d a t a  stream t o  t h e  ground. The model 
I 

use r  must determine t h a t  each down-link i s  e f f e ~ t ~ i v e l y  used. This 

involves a determination t h a t ,  f o r  each down-link t h e  

( a )  Data Bandwidth U t i l i z a t i o n  and 

( b )  Data Capacity U t i l i z a t i o n  

a re  approximately equal  t o  one. I n  event of exceesi've underuse o r  over- 

use of capaci ty ,  r e - s p e c i f i c a t i o n  of t h e  system i s  indica ted .  

The o v e r a l l  r e s u l t  of t h e  system performance evalua t ion  i s  a 

determination of one of t h e  following: 

. Consider System. The systcm, as configured, appears 
u s e f u l  and should be f u r t h e r  considered i n  the  planning 
process.  

. Redefine System. The syskem, a s  configured, has incom- 
p a t i b i l i t i e s  e i t h e r  between sensor  types o r  between a 
sensor and i t s  down-link. However, v a r i a t i o n s  i n  t h e  
conf igura t ion  appear f e a s i b l e  and should be cpnsidered. 

Discard System. The system, as configured, has gross  
i n c o m p a t i b i l i t i e s  between i t s  elements, o r  f a i l s  t o  
achieve acceptable  performance and should no Longer be 
considered. 

To assist i n  t h e  evalua t ion ,  a System Performance Evaluation 

Worksheet ( ~ i g .  6-11 i s  used, The worksheet i d e n t i f i e s  the  p r i n c i p a l  

c r i t e r i a  f o r  evaluat ion.  To s impl i fy  t h e  evalua t ion  process ,  t h e  judg- 

ment may be reduced t o  a simple go/no-go choice. I f  t h e  system i s  

unsa t i s fac to ry  i t  may be re - spec i f i ed  o r  discarded, depending on t h e  

nature sf the  d i f%icu&ty  involved and i t s  prospect  f o r  adjustment. 

The sample System Performance Evalua t ion  Worksheet shown i n  Fig.  

6-1 i s  based on t h e  information shown i n  Tables 6-1 and 6-2. The model 

use r  has  determined t h a t  each sensor  provides t h e  needed f u l l  e a r t h  

coverage and t h a t  t h i s  occurs at  two and perhaps th ree  a l t i t u d e s .  He 

has a l s o  determined t h a t  use of  t h e  down-link d a t a  bandwidth i s  adequate 

(0.600 and 0.875). However, t h e  down-link d a t a  capaci ty ,  -< while some- 

what underu t i l i zed  on one down-link (0.23)) i s  substant ia l1.y underu t i l -  

ized  (0.03) on t h e  other .  The model u s e r  might conclude t h a t  a redesign 

of  the  down-link i s  needed before  corisidering it f u r t h e r .  



Fig. 6-1-System Performance EvaIuatiarn Worksheet 
. . 
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SYSTEM PERF0RMANC:E EVALUATION WORKSHEET 

OPTION NO. 

01 

Results 

For Fu l l  Earth Coverage: 
Swept Fracti onISwath Width 

(1) Does each sensor type achieve a Condition Met? 

Type1  Yes No 

Type 2 (x Yes No 

Type 3 Yes No 

For Partial Earth Coverage: 

(1) Does each sensor type achieve a 
swath width approximately eqyal to Common Altitude 
minimum swath width? Condition Met? 

(2) Does this condition occur at a com- • Yes No 
mon altitude range? 

Data Bandwidth Condition Met? 

D-L 1 Yes 0 No 

.Does Link Data Bandwidth Uti l izat ion D-L 2 Yes I/ No 
of each Down-Link approximately equal 

D-L 3 1 Yes No 

Does L ink  Data Storage Capacity of Data Storage Capacity Condition Met? 
Performance 

each Down-Link approximately equal 
D-L 1 C-3 Yes #FJ No 

D-L 2 Yes No 

D-L 3 Yes 0 No 

Conduct tra,deoff with lowes storage catpascity 
Consider System 

Iede f  ine System 

Discard System 

Item Model lnformat ion Criteria 



Chapter 7 

PROGRAM PERFORMANCE EVALUATION 

'The key question i n  the Program Performance Evaluation mode of 

EOP Moael use are: (1) t o  what extent does a par t icu lar  EOP system 

configuration s a t i s f y  a given s e t  of user needs? and (2)  what develop- 

mental costs and timing axe associated with t h i s  configuration? 

The model ,compares user needs with the system performance. 

ThLs determines whether each user observabLe i s  sa t i s f i ed .  The satis- 

f i ed  needs a re  counte2, and expressed as; a percentage of the ;;otal 

number of needs. The percentage value along with the detai led r e s u l t s  

of the  comparison are provided, t o  the model user for  h i s  eva1uat;i.on. 

SAMFU EVASIUATIO~ 

The following example i s  of the sane system as was discussed 

i n  the l a s t  chapter. The f i r s t  Program Performa,nce report i s  shown 

as Table 7-1. This l i s t s  for  each of the two sensors a number of 

observables specified i n  the user needs. The observables are ident i -  

f i e d  by a cod; t h a t  specifies the user and re la ted  information. Eight 

separate observables are  l i s t e d  for  the imager, none of which are 

sa t i s f i ed  a t  the three lower a l t i tudes .  Six of the eight are  satis- 

f i ed  at  the two upper a l t i tudes .  Th.e overa l l  percentage of needs 

s a t i s f i e d  at each a l t i tude  are shown, f o r  each sensor and collectively 

fo r  the two sensors. The reasons for  the sensor 's  not performing 

adequately are  given on the next report.  

Table 7-2 shows the de ta i l s  of needs and which are  sa t i s f ied .  

The f irst  three columns of data show whether the  spectral  range, th.e 

number of spectral  bands, and whether the sun illumination provided 

by the o rb i t  are  i n  keeping with the need. I n  each case i n  the tab le  



Table 7-1 

PROGRAM P E R F O W T C E  SUMMARY 

Part I - Percent Applica+,ion sat isfzed 

Xlement - Perf Incr 
Observable 

N-aher 
Altitude 
Range 1 

Altitude 
Range 2 

Altitude 
Range 3 

- 
Altitude 
Range 4 

Alt i tude 
Range 5 



Table 7-2 

Part I1 - Individual Applications Sa t i s f ied  

Element 
Spectral  
Range 

Perf 
Incr 

Observable 
Number 

No. of 
Bands 

I l l u m -  
ina tn  GSI el GS2 2 GS3 G S ~  GR3 G R ~  1 GS5 GR5 



the answer is ,  yes. ?he following columns l i s t ,  f o r  each of the f ive  

a.ltitudes, whether the Ground Gwath Width (.Gs) and the Ground Resolu- 

t ion ( G R ) ' ~ s  adequate. It may be recalled from Fig. 6-1 that the 

Ground Swath Width was l e s s  than one for the lower three a l t i tudes .  

This i s  reflected under the  GS column i n  Table 7-1. The tab le  indi-  

caten for bdth senaors t m t  the ground resolution i s  inadequate for  

the first two observables. Hence, the overa l l  performance f o r  the 

upper a l t i tudes  i s  14 out of 18 observables s a t i s f i e d ,  or  77.7%. It 
i s  Judgemental whether the program should be accepted with the needs 

unsatisfied. The answer would be a function of the importance of the 

observabLes and $he cost and timing of changes t o  provide* adequate 

performnce. The judgements may be ass is ted L& information 'derived 

from the following model reports.  
Table 7-3 ,gives the hardware development costs for  the current 

year and the Budget year. It indicates t h a t  the sensors and the Down- 

Link Elements a re  i n  a, s t a t e  of advanced development, and tha t  the 

develofiment costs wi3.l  be completed i n  the Budgct year for  the sensors 

and i n  the current year fo r  the  Down-Link Elements. 

Table 7-4 gives the software costs for  elements specified by 

code. This also indicates,  fo r  the example, tha t  costs do not extend 

beyond the  Budget Year. 

Table 7-5 indicates tha t  a11 of the hardware items, fo r  the 

example given, w i l l  be available i n  Fiscal  Year 72. 
Table 7-6 shows tha t  the software items that  ar, i n  the s ta tus  

of advanzed developm6nt w i l l  he ready i n  FY 72; however, the items 

that  a re  i n  the llproposal" s t a t e  w i l l  not be available u n t i l  FY 74. 
With these cost and timing data the model user can weigh 

whether 'to proceed with what a re  technically feasible  a l ternat ives  

or  whether t o  look fo r  other al ternatives.  

S W Y  OF EVALUATION PROCESS 

& mentioned, the key issues with respect t o  Program Performance 

Evaluation a m :  

. To wKat extent does a par t icular  EOP system con- 
f iguration respond t o  a parti ,cular s e t  of user  needs? 

. What development costs, and timing are associated 
with &.chiwing t h i s  response? 



Table 7-3 

PROGPM COST SU-Y 

Part I - Hardwwe Slements 

Number of Development Cost t o  Cost t o  
Element Perf Incr Elements Status Cost CY Cost By Date Complete 

. 
mGO1 W O 1  Advanced De-mt 2CQ 200 
RDMOI PWOl AZvanced &vmt 200 2"W 
SF01 F3FO1 2 Advanced Devmt 400 

Table 7-4 

PROGRAM COST SUMMARY 

Part T I  - Software Elements 

Development Ccst t o  Cost t o  
Element Perf Incr Status Cost CY Cost gy Date Coinplete 

Advanced Devmt 50 
Advanced Devmt 50 
P r o p s s ~  
Proposal 
Advanced Devmt 50 
Advanced Demt 50 
Proposal 
Proposal 



Table 7-5 

lMGOl PIiFOl Ad=nced Devmt 
FUMOl PWO1 -Advanced Devmt 

SF01 PIiFOl 2 Advar~ced Devmt 

Table 7-6 

E%OGBAM TIMlNG SUMMABY 

Part I1 - Software Elements 

F-YR 

L 

C u r r  
Year 

F-YR 
Element 

Advanced Devmt 
Advanced Devmt 
Proposal 
Proposal 
Asvanced Devmt 
Advance, d Devmt 
P4?opo sal 
Propos a1 

Number of 
Elements Perf Incr 

F--fR 
71 

Development 
Status 

Element 

76 77 '74 

Perf Incr 

78 75 

Development 
Status 

F-XR F-Ya 
72 

F-YR 
71 

C W r  
Yea- 

F-YR 1 P-TX 
73 

F-YR 

F-YR 
78 

F-M 
72 

F-YR 
73 

F-YR 
74 

F-YR 
75 

F-YR 
76 

F-YR 
77 



The evaluation steps are as follows: 

(1) Observables Sat isf ied.  The model user may judge a system 

based on the percentage of needs sa t i s f ied .  While satisfying a l l  

needs i s  the i d e a l  case, systems may be accepted tha t  serve l e s s  than 

a l l  needs. It may turn out tha t  the unsatisfied needs can be s a t i s -  

f ied  i n  another program or  they may be of low pr ior i ty .  

(2 )  Modifications Required. The model user may note tha t  a 

par t icular  sensor i s  consistently inadequate, and he may decide tha t  

a different  sensor should be considered. 

(3) Development Cost L i m i t s .  The model user must determine 

whether the development costs fo r  hardware and software a re  acceptable. 

He w i l l  consider costs i n  the Budget Year (upcoming) and t o  bring the 

system t o  completion. Cost constraints,  i f  known, w i l l  be included 

i n  the overal l  eyaluation. 

(4) Development Timing Limi t s .  If a system cannot be developed 

i n  time t o  meet the  target  year, the model w i l l  ident i fy  the pacing 

items. The model user mcy then consider reprogramxing of resources 

t o  meet the ta rge t  date, i f  such w i l l  l i k e l y  solve the problem. 

The reprogramming decision w i l l  be influenced by the f e a s i b i l i t y  

of speeding up the developments. I f  several system elements a re  in- 

volved, reprogramming may be unrea l i s t i c  and the ta rge t  date may have 

t o  be reconsidered. 

It should be noted tha t  while the model gives insight in to  

possible reprogramming candidates i t  does not provide a . b a s i e  f o r  pru- 

gram change. The actual  data appropriate tqo a reprogramming action 

must come from the developing agency i n  response t o  queries made by 

the model user based on the model outputs, As the information is made 

available by the developer i t  may be included i n  the model data f o r  

subsequent use i n  the planning process. The overal l  r c su l t  of the 

program performance evaluation i s  a det;ermination t o  d.o one of the 

following : 

. Consider Program. The m a m , a s  put together, appears use- 
f u l  and should be fur ther  considered i n  the planning process, 

. Redefine Program. The program, as presently put together, haas 
incompatibilities between the system configuration and the 
user needs. However, variations i n  the composition of e i the r  
the system or user s e t  appear feasible  and should be considered. 



. Discard &o&rm. - The progrznm has gross incompat ibi l i t ies  
between the system e o n f i ~ ~ a 2 ; i o n  and the user  needs, and 
,should no longer be considered. ' 

To a s s i s t  the model user,  a Program Perfbrmance Worksheet ( ~ i g .  

7-1) i s  provided. The worksheet i d e n t i f i e s  f o r  each block of model 

display information, the pr inc ipa l  c r i t e r i a  f o r  evaluation and pro- 

vides space f o r  the model user t o  record hi6 evaluation. 

The Program Performance Assessment Worksheet;, a s  it might be 

completed by a model user,  i s  i l l u s t r a t e d  i n  Fig. 7-1. The evalua- 

t i o n  In  t h i s  instance is  with respect t o  the  model information shown 

i n  the ' ea r l ie r  tables .  

The worksheet as completed indicates  t h a t  the  ground resolut ion 

parameter i s  the  :onsistent source of inadequate p,erfomnce.  ~ e c a u s e  

of t h i s  the  user suggests a tradeoff study with higher resolut ion 

sensors. Further., the worksheet ind ica tes ,  t h a t  the costs  and timing 

were acceptable. 



Fig. 7-1-Program Performunce Evaluation Worksheet 
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PROGRAM PERFORMANCE EVALUATION WORKSHEET 

- 

OPTION NO. 

01 

Model lnf ormat ion 

EOP-4 

Prograrn 
Performarlce 

Sumr~lary 

EOP-5 

Program 
Cost 

Summary 

EOP-6 

Program 
Timing 
Matrix 

Item 

Evaluation Criteria 

loo % or more of observables Are, 
satisfied? 

For those unsatisfied i s  there a con- 
stant dissatisfying factor? 

- 
Cost Limits 

Hardware 

Budget Year $500 K 

TO completion $250 K 

Software 
$500 K Budget Year 

~ o ~ o m p l e t i o n  $2502( 

- 

Timing Limits 

Hardware 74 

Software 
FY 711. 

Action 

Item 

1 

2 

3 

4 

5 

6 

7 

8 

9 

-- 

Consider Program 

Redefine Program 

Discard Program 

3 

Evaluation Results 

Observables Satisfied? 

5 Yes No 

Dissatisfying Factor(s)? 

Yes 5 No 

Identify Factor(s) 

Cost Limits Met? 

Yes 0 No 

Ed Yes L7 NO 

Yes 0 No 

Yes No 

Timing Limits Met? 

Yes IZ] No 

rjFl Yes n No 

Evaluation Summary 

Conduct tra,deoff with higher angular resoiu- 
%ion sensor types. 



Chapter 8 

PROGRAM ALTERNAT1:VE EVALUATION 

 h he key question f o r  the Program Alternative Evaluation i s  : 

"What a re  the feasible  tradeoffs i n  perfortnance, cost, and timing as 

between different  program alternatives?" 

The EOP Model provides a concise swnmary of the  extent t o  which 

a program s a t i s f i e s  user needs, along with the costs asid timing of the 

associated development program. 

EYALGATIOPU' INFORMATION AND PROCESS 

The program al ternat ive inf 'ormtion i s  an aggregatian of the  

information discussed i n  pr ior  cha~pters. The model output f o r  four 

a l ternat ives  i s  shopm i n  Table 8-1.. For each a l te rna t ive  the key 

o r b i t a l  data a re  given, together 'with the number of observables involved 

and the number and percent sa t i s f i ed ,  the  costs,  the timing, and the 

launch vehicle t h a t  w i l l  put the payload in to  the  desired o rb i t ,  The 

table  presents a t o t a l  of four a l ternat ives .  With increasing costs 

the  complete s e t  of user needs may be sa t i s f i ed .  Though not exp l i c i t ly  

noted on the tab le  the increased costs provide fo r  improved sensor 

resolution t o  achieve the higher levels  of user sa t i s fac t ion ,  

The evaluation of the performance, cost,  and timing factors i s  

a subjective process. Whether the increased sa t i s fac t ion  of user needs 

i s  worth the amounts indicated i n  the tab le  is dependent on the 

specif ics  of the  si tuation.  For example, Alternative 2 ~ Q h t  be 

acceptable. The model user would know.which observable had been rend- 

ered sa t i s fac tory  by improving one of the sensors. He might decide 

t h a t  the addit ional  coverage was well worth the addit ional  total  cost 

of $1 million, but t a t  obtaining 100$ coverage with Alternative 4 
was not worth the  further increase of $1.2 million. 

8-1 



Table 6-1 

PROGRAM AL'TERNATIVE 5xBMm.r 

Delta 
Delta 
Delta 
Delta 
Delta 

Alternative 
Number 

Ilelta 
M t a  
.Delta 
Delta 
Delta 

Iklta 
Bl ta  
Delta 
Delta 
Delta 

Orbit 
A3,t 
(NM) 

Delta 
DelSa 
Delta 
Delta 
Delta 

Orbit 
Cycle 
(Days) 

Development costs (1n  hau us) 
Observable s 

Number Sat i s f i ed  On-Going Proposed Totail 
of 

Observsbles Number Percent B u m  -In Bum W1mC W 

Ia=ch Opportunity 

-liest FY Tlehicle 



Other a l te rna t ives  tha t  u e  not showc could a l so  be introduced, 

One could be a k b r i d  program consist ing of Alternative 1 plus another 

s a t e l l i t e  'with the sensors operating a t  lower a l t i t u d e s  t o  obtain the 

desired ground resolution.  This might be at the  s a c r i f i c e  of some 

ea r th  coverage (swath width), but the r e s u l t  might be cheaper than 

the  other a l te rna t ives  l i s t ed .  The addi t ional  costs  of the e x t r a  

launch vehicle would be introduced i n t o  the  process at t h i s  polnt. 

I n  the exmple given i n  the  tcable the timing i s  not a fac tor  

because a l l  programs can be operative i n  the same year. Similarly 

the l a ~ n c h  vehicle required and the  on-going costs  t o  completion, a re  

constant and do not-provide a bas i s  f o r  choice, 



Appendix A 

VSER NEED DOCUMENTATXON 



Appendix A 

U8ER NEED DOCUMENTATION 

,This appendix describes the documentation of user needs for  

operation of' the EOPModel, The model requires detailed,  quanti tat ive 

statements of the needs of potent ia l  users of EOP systems. The needs 

are expressed i n  appropriate technica1 terms, and rela ted t o  spec i f ic  

user a c t i v i t i e s ,  ,The information w i l l  a s s i s t  the model user i n  aggre- 

gating user needs in to  groups t h a t  can be served with single EOP 

~ystems. A knowledge of the relat ionship a l so  permits the model user 

ko bui ld  a rat ionale fo r  the system de$ign around the specif ic  user 

a c t i v i t i e s  tha t  w i l l  be served. 

NEED STRUCTIIRE 

St8,tements of needs are ztructured on a hierarchical  basis.  

Thah is ,  general needs are s ta ted  and from t h i s  lower order needs a re  

derived. The process of subdivision i s  continued t o  the point of de- 

f ining specific measurements tha t  can be made with remote sensors. 

The sequence For the documentation of user needs i s  shown'fn 

Fig. A-1 and described i n  the following. 

(1) User Activity Definition-A user a c t i v i t y  includes an 

appreciable segment of the overal l  agency mission or  jurisdiction.  

For examlpl-e, the user ac t iv i ty  might be that  of water resources manage- 

ment i n  a geographic region of the U.S. 

(2) Activity Component Definition-Components are  pr incipal  

aspects of the ac t iv i ty .  For the water resources management example, 

these might include water management and pollution control. 

(3) Component Information Need Definition-Ansociated with each 

a c t i v i t y  component are  required items of information. For the water 



Fig. A- l-Documentation of User Needs 



management example, these  might inckude d a t a  an the  d i s t r i b u t i o n  of 

sur face  water, f lood p red ic t ion  and water q u a l i t y .  

(4) Information Factor  Definition-Associated with t h e  informa- 

t i o n  needs t h e r e  a r e  f a c t o r s  t h a t  descr ibe phenomena o r  f e a t a r e s  t h a t  

may be de tec ted  by remote sensing techniques. Thece f a c t o r s  may 

include color  and s i z e  as we l l  as poin t  and a r e a  f e a t u r e s ,  For measuse- 

ments of  sur face  water d i s t r i b u t i o n  these  might inczude t h c  depth of 

water i n  c l e a r  channels and t h e  depth of' water i n  vegetated areas .  

(5) Observable C h a r a c t e r i s t i c s  Definition-For each informattion 

f a c t o r  %he t e c h n i c a l  c h a r a c t e r i s t i c s  of t h e  observat ion must be iden- 

'sified t h a t  w i l l  provide t h e  des i red  information. As d is t inguished 

from the  e a r l i e r  def i l i i t ions  of need, which may be determined by t h e  

use r ,  t h e  d e f i n i t i o n  of t h e  Observable C h a r a c t e r i s t i c s  r equ i res  exper- 

t i s e  i n  remote sensing technology. NASA personnel would l i k e l y  def ine  

t h e  Observable Charac te r i s t i c s .  For measuring sur face  water d i s t r i b u -  

t i o n  znd t h e  de tec t ion  of water depth i n  c l e a r  channels, t h i s  might 

involve t h e  observat ion of t h e  color  of t h e  channel water as an indica-  

t i o n  of depth. 

NEED DOCUMENTATION 

A s  shown i n  Fig. A-1, t he  progressioa i n  the  d e f i n i t i o n  of 

user  needs from t h e  User A c t i v i t y  down Lhrough t h e  Observable Charac- 

t e r i s t i c s ,  i s  implemented using "cwo documentation formats,  t h e  User 

A c t i v i t y  Resume and the  User Observable Resume. 

User A c t i v i t y  Resume 

The User A c t i v i t y  Resume 5-s organized as a 2-part  document. 

P a r t  1 of t h e  resume i s  used t o  record t h e  i d e n t i f i c a t i o n  of 

t h e  use r  agency, t h e  use r  a c t i v i t y  under cons idera t ion  and t h e  com- 

ponents of t h i s  a c t i v i t y .  Included i s  an i n d i c a t i o n  on whether t h e  

information nesded by t h e  a c t i v i t y  components can be provided from 

o the r  t h a n  s a t e l l ~ t e  sources. P a r t  1 of  t h e  resume, as i t  migh6 be 

completed by a u s e r ,  i s  shown i n  Fig.  A-2(a). 

P a r t  2 of  t h e  resume i s  used t o  record the component informa- 

t i o n  needs and t h e i r  associa ted  information f a c t o r s .  Included i s  an 

i n d i c a t i o n  of how f requen t ly  t h i s  information must be made a v a i l a b l e  



Fig. A-2(a)-User Activity Resume (Pert 1) 

A-4 

USER ACTIVITY RESUME 

L 

User Agency 

Flood Control D i s t r i c t  

- 

Part 1 

ACTlVl TY COMPONENTS 

User Activity 

Regional Water 
Resources Ma,na.gement 

Activity Description 

Water star8,ge and re lease  t o  minimize sea,sona,l va,r ia t ions i n  a ,va, i labi l i ty  
of regional  water supply. 

No. 

1 

2 
I 

3 

4 

6 

7 

8 

9 

10 

Activity Component 

- 
Wa,ter Ma,na,gemen'b 

.- 

Pollut ion Control 

----- 

i 

Both 

X 

X 

, I < d  

EOP 

Info Sources 

Other 



to meet the needs of the activity. Part 2 of the reswne, as it might 

be completed by a user, is shown in Fig. A-2(b). 

User Observable Resume 

The User Observable Resume, as indicated in Fig. A-1, is a I- 

part document which records the identity of the observable and the 

technical characteristics cf the remote-sensing technology involved in 

making the observation. A separate reswne is prepared for each observ- 

able. For a user activity of any size this will involve a relatively 

large number of observables and hence the preparation of a large nmiber 

of indivi4ual resumes. To control this amount of data, an Observable 

Zdentificaxion is assigned to each observable of the form: 

N 'N - NXT NN N N -  NN NN 

(1) (2)  3 (4) (5)  (6) (7) 

where : 

(1) Time Horizon of User Activity 

(2)  Information Category of User Activity Number 

(3) User Agency Number 

(4) User Activity Number 
(5) User Activity Component Number 

(6 Component Information Factor Nurrber 

(7) Observable Number 
With this format it is possible to identify uniquely each observable, 

and at the same time maintain a correspondence with the activity 

involved. The resume, as it might be completed by a NASA remote- 

sensing expert, in response to the observable information needs as 

described in Part 2 of the User' Activity Resume, is shown in Fig. A-3. 
In completing the Observable Characteristics portion of the 

reswne, the NASA expert records the data in a sequence and in a format 

compatible with reduction of data into machine readable format. 

The data values may be recorded to reflect any of three condi- 

tions, minimum value, nominal value and maxi~num value, as determined 

by the TfMA expert to be appropriate to the user need in question. 
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User Agency 

Water Resource D i s t r i c t  

Fig. A-2(b)-User Activity Resume (Part 2) 
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Part 2 

COMPONENT INFORMATION NEEDS 

Activity Component 

Wa,ter Management 

4 

Component Description 

Storage and timed re lease  of water supplies Lhroughov,t region t o  meet 
demands of agr icul ture ,  human wa,ter supply a,nd conservation. 

Component informat ion Needs 
b 

No. 
I 

1 

2 

Need No. 

1 

2 

1 

1 
L 

2 

lnf ormat ion Factor 
- 

Waker Depth - Clear Channels 

Water Depth - Vegetated Areas 

S i t e  of Effluent Discharges 

S i t e  of  Plant S t res s  Along 
Waker Courses 

Heightened Waker ~ e v e l s  - 
Precip i ta t ion  Pat terns  

Update 
Interval 

Weekly 

Weekly 

Weekly 



USER OBSERVABLE RESUME 

Fig. A-3--User Observable Resume 
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A~persi(9x B 

SYSTEM ELENENT FWUME 

This appendix describes the documentation by which the data base 

on equipment characteris tics, development schedules and cost's are 

entered for the E03 Model. The documentation is prepared for all develop- 

ments in ;remot;e-sensing technology that may have potential application 

to earth observatign systems. 

Documentation is prepared for components currently available, 

under development and proposed. Both hardware and software developments 

are defined. The hardware developments include the on-board sensors 

a i d  data processors, the data transmission links and the gxound process- 

or. The software developments include the programs that extract infor- 

mation from the sensor data, and the analytical models that relate 

sensor data to other variables of interest to the user. 

R E S W  PREPARATION 
Preparation of the resumes calls for data from a broad range of 

NASA activities. The-data may be taken from project information sheets 

and augmented by direct contact with the cognizant specialists. 

There may be an advantage if the resumes are prepared by a single 

office. Such a procedure would provide for: (1) a consistent; examina- 

tion and interpretation of the source data and its subsequent transla- 

tion into the resume format, and (2) a single responsible went for 

monitoring of the source information and the generation of appropriate 

updates. 

SYSTEM ELEMENT RESUME 
The Sys tem Element Reswne is organized in two par-2;~. 



Part 1 

Part l of the resume provides b&sic information identifying the 

developme\nt project and a brief description of the element; describing 

the basic mode of operation, The relationship between projects i s  a lso  

given i f  more than one project i s  involved. Part 1 of the resume, as 

i t  might be prepared t o  describe a multispectral scanner type of sensor, 

i s  shown i n  Fig, B-1. 

Part 2 

Part 2 of the resume i s  organized t o  record data on technical 

data and administrative data. 

Technical Data 

The technical data i s  divided in to  four s e t s  of entr ies ,  one for  

each of the four types of system elements (i.e., sensor, down-link, 

user program, user, model!. The s e t  of entr ies  completed on any one 

resume i s  deteymined by the type of element being reported, as indicated 

at  the top of the form. 

Administrative Data 

The administrative data ca l l s  fo r  the same type of entr ies  fo r  

a l l  element types. Data i s  provided on the f i s c a l  year the element i s  

avai,lable fo r  use as part  of a, f l igh t  program, the present s ta tus  of 

the development and development costs as previously incurred, presently 

incurred, t o  be incurred i n  the upcoming (budget) year and cost to  

completion (outer years). 

Part 2 of the resume, as it might be completed for each type of 

element, i s  shown i n  the following figures: 

Element 

Sensor 

 fig^ e - 
B-2 (a) 

Down-Link B-2 (b)  

User Program B-2 ( c )  

User Model B-2 (d) , 



Fig. 0-1-System Element Resume (Part 1) 
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SYSTEM ELEMENT RESUME 

-r 

Port I 

ELEMENT DESCRIPTION 

Type 

RDM-01 . 
Perf. Level 

PRF-01 

Element 
Category 

Sensor User Program 

Down-Link User Model 

No, 

1 

2 

9 

4 

5 

Element Description 

The MSS has a 2-element cassegrain mirror system ( ~ 1 3 . 6 )  with a 9-inch 
dicmeter prima,ry and a, rocking scan mirror, loca,ted i n  t h e  object  
plane, with cross-orbi ta l- t rack sweep r a t e  of 13.6 Hz. The image i s  
folded twice and focused on a square f i b e r  opt ic  matrix. Individual 
f i b e r s  couple t h e  focused o p t i c a l  energy t o  a band f i l t e r  and detector  
adsaembly. Bands 1, 2, & 3 u t i l i z e  t r i - a x i a l  photomultiplier tubes 
while band 4 uses s i lcon  photodiodes. Six defectors  atre pa,ralleled 
i n  each of t h e  first  four bands by a row of  f i b e r  op t i c  bundles stacked 
i n  +;he d i rec t ion  of the o r b i t a l  t r ack  permitt ing a slower scanning 
motion of the  rocking mirror system. Two detectors  a r e  used i n  t h e  
thermal band. The basic  MSS scan l i n e  synchron i~a~ t ion  i s  provided by 
an o p t i c a l  pulse generator. A multiplexer i s  incLuded i n  the  MSS and 
processes t h e  video data. The 24 (or  26) channels of  video a r e  time- 
d iv i s ion-~u l t ip lexed  i n t o  a s ingle  data, stream of appro~ima~te ly  2.4 
MHz. ,The multiplexed s igna l  i s  then converted i n t o  a 15 MB/S FCM sig- 
n a l  by an A/D converter. Line start, PCM format information, and c a l i r -  
bra t ion  da ta  a r e  included i n  the  multiplexer output signal.  

w 

Development Tit le 

Mult i s p e c t r a l  Scanner 
II. 

Development Control No. 

999-99-99 

-4, - 



SYSTEM ELEMEdT RESUME 

Fig. B=2(a)-System Element Part 2 (Sensor) 
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ELEMENT CHARACTERISTICS 

Element 
Category 
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Down-Link Data Compression Storage Wei'ght Power 
Bandwidth Factor Capacity 

Element 

I 
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Administrative Characteristics 

@ Sensor Uaer Program 

a  own-Link [j User Model 
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Elements 

Type 
RDM-01 

Perf. Level 
m-01 

Technical Characteristics 

Sensor 
Element 

Message (50A) Max 

ERTS Instrument 

FY 
Available 

72 

Spectrdl 
L imi t*  
Upper 

12.6 

Type Field 
of View 

1 

Development 
Status 

4 

Spectra I 
Limit- 
Lower 

05 

Field of 
View, A-T 

11.6 

Cost 
Curront FY 

200 

Spectral 
Units 

M I C  

Field o f  
View, C-T 

11.6 

Cur t  
Outer FY 

Cost 
Budget FY 

200 

Number 
Spectral 

Bands 

4 

Field 
Inclination 

o 

Cost 
Prior FY  

Sansor 
Data 

Randwldth 

2400 

Weight 

136 

Angular 
Resolution 

. O O ~  
- .. 

Power 

55 



SYSTEM ELEMENT RESUME 

Fig. 0-2(b)-System Element Resume Part 2 (Down-Link) 
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Part 2 

ELEMENT CHARACTERISTICS 

J 

Type 

SF-01 

Perf. Level 

m-01 

Element 
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sensor Use! Program 

User Madel Down-Link 

- 
Technical Characteristics 
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Element 

4000 1.000 30 70 60 

Administrative Characteristics 

Sensor 
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Bandwidth 

Weight 

Spectral 
L im i t -  
Upper 

- ,  

Type F ie l d  
of View 

Spectral 
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Lower 

F ie ld  o f  
View, A-T 

Al l  
Elements 

Spectral 
Units 

F ie ld  o f  
View, C-T 

Message (50A) Max 

ERTS Equipment 

FY 
Avai lable 

72 
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Outer FY 

J 

Development 
Status 

4 

Cost 
Currqnt F Y 

200 

Cost 
Budget FY 

Cost  
Prior FY 



I Technical Characteristics I 

SYSTEM ELEMENT RESUME 

- 

Port 2 

ELEMENT CHARACTERISTICS 

Sensor 

Message (50A) Max I 

Fig. B-2(c)--System Elenunt Resume Part 2 (User Program) 
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F Y 
Available 

72 

Type 

PRG- 01 

Perf. Level 
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Element 
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Cost 
Outer FY 



Fig. Bd(d)-System Element Resume Part 2 (User Model) 
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Appendix C 

MODEL OPERATION 

me prepm.t;ion of model inputs involves production of' three dab 

decks as  follows: 

. Observable Resume Deck 

. system Element Resume Esck 

. Model Control Deck 

A d.escription of the input preparation fo r  each deck is provided 

i n  the fol.lowing sections. Emphasis is placed on the card f ~ ~ t  types 

which make up each set .  Reference should be made to: 

Appendix G - INITJT DATA FORMATS 

Appendix H - CODE CATALOG 

as appropriate, fo r  detai ls  on format and actual parameter values. 

Ob6esvabl.e Resume Deck 
\ 

Each Observable Resume consists of a 3-card se t  of inf'om-bion 

f o r  each application. The f i r s t  two cards of the s e t  (cards A 1  and A2) 

are  used t o  record the quant2i;ative aspects of the observable. The 

th i rd  card of the s e t  ( ~ 3 )  is used, as required, t o  record a br ief  

(50-character) message describing any s i g i f  icant aspect of the 

observable not recorded by the quantitative information. 

The card formats are shown in Appendix G in  the figurer; identified 

i n  the following table : 



Card, type Card t i t l e  F i p r e  
{ ~ ~ p e n d i x  G )  

A 1  Observa1,le Resume I G 1  

A2 0br;ervable Resune XI G2 

A3 Observa'ble Messa; -2 Ga 

Refer t o  %he GJ.ossary for  the definit ion of the 
paramet ers itemized i n  the figures. 

System Element Resume Deck 

The 'System Element Resume consists of a 3-card, or h a r d  se t  of 

information depending on the type of element being described. 

The Sensor System element us~es a h a r d  se t .  The first two cards 

($1 and ~ 2 )  are used t o  identify the element type and t o  record the 

quantitative aspects of the sensor performance. The th i rd  card (54) 

is used to record the sensor development cost information and f i s c a l  

year availa,'bility of the sensor for  operational use. A fourth card 

( ~ 5 )  is used, as required, t o  proviae a brief (50-character) qualitative 

statement of any significant aspect of the sensor u t i l iza t ion  or develop- 

ment na% recorded by the qu.antitati.ve irlf ormat ion * 

The Down-Link element uses it 4-card se t .  The f i r s t  card ($1) is 

used to  identify the element type. The second card (53) is used to  

record the quantitativk aspect of the down-link performance. The 

,third card (54). is used t o  record the down-link development cost 

infomation and f i s c a l  year t~va i lab i l i ty  of the sensor for  aperational 

use. A fourth card ( ~ 5 )  is used, as  required, t o  provide a brief (50- 

character) qualitative s-tatement on ~z t i l i za t ion  or developmenk not 

recorded by the qu.antitative in:tormation. 

The User P:cogram elemem: and Use Model element use a 3-card se t .  
I 

The first card ( ~ 1 )  is used to  identify the element ty-pe. The second 

card ( ~ 4 )  ident if ies  the development costs and f i s c a l  year avai labi l i ty  

of the program or model. The th i rd  card ( ~ 5 )  i s  used t o  provide a brief 

(50-character) qualitative statement on ut i l izat ion or development not 

recorded by the! quantitative information. 
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A srmmary of the card types associated with each element is shown 

i n  the following table:  
* 

Sensor 

Down-Link 

User Processor 

. User Model. 

Element 

The card formats are  shown in  Appendix G in the  f igures ident i f ied in 

the following table  : 

Card types, used 
S 1  I s2 

Ca.rd type 

I s3 I s4 I s5 

Figure 
( ~ p ~ e n d i x  GJ 

Sensor Element I 

Sensor Element I1 

Down-Link Element 

Element Costs 

Element Message 

Refer t o  Glossary fo r  the  definit ion of the  param- 
a t e r s  itemized. i n  the  figure. 

Model Control Deck 

Preparation of the model control  input consists  in  the preparation 

of a 5-card s e t  of in.formation which provides f o r  the identlf  ication of 

model run, the type of r e su l t s  required, and the information t o  be re- 

tr ieved from .the model data base a s i n s t  which the model i s  t o  be run. 

The f i r s t  card (PI) ident i f ies  the control  conditions imposed on 

the run. The second card ( ~ 2 1  ident i f ies  the user a c t i v i t i e s  against  

which the model is t o  be run. The t h i r d  and fourth cards ( ~ 4 ,  ~ 5 )  

ident i f ies  the system elements against  which the model is t o  be run. 

The f i f t h  card ( ~ 6 )  ident i f ies  the ear th  coverage imposed on the run. 

The cards a re  grouped into two s e t s  t o  -form Model Control Par t s  1 and 
w 



and 2. Par t  1 contains ( ~ l ) ,  ( ~ 2 ) ~  and ( ~ 6 ) .  Par t  2 contains onLy 

The 'card formats a re  shown i n  Appendix G i n  the f igures identi-  

f i e d  In  the following table:  

Card type Card t i t l e  Figure 
(~ppendix G )  

P,1 Run ID G9 

I?:? Activity I D  G10 
. . 

PIC $ystem Element I D  I G 1 1  

P5 System Element I D  IS. G12 

, ~6 Earth Coverage I D  G 1 3  
- -- - 

Refer t o  the Glossary for  the def ini t ion of [;he pa,ramU 
a ters  itemized i n  these figures. 

JOB CATALOGING 

Prior t o  i t s  use as an nqerational programming system, the EOP 

model is cataloged onto disk-pack. 

Job cataloging with the EQP model is carr ied out using the Mark I V  

F i l e  Management System software pockage1 in conjunction with the IBM 360/31 
operating sys tern JCL. 

Cataloging is a 3-job process. In the f irst  job, code is cataloged 

t o  i n i t i a l i z e  the program operation by establishing a dictionary which 

contains the definit ions f o r  f i l e s ,  transactions, and tables.  In the 

second job, code is cataloged t o  ident i fy  and analyze the s t a t i s t i c s  

of the applications ~znder consideration and output the associated reports .  

In the th i rd  job, code is cataloged t o  ideht i fy  the system elements under 

cons ideration, analyze the sys tem perf omnance of these elements, compare 

t h i s  system performance t o  the needs of the applj-cations under considera- 

t ion,  and output %he associated reports .  
I Cataloging is carr ied out by input bf,  the  card decks l i s t e d  i n  the 

EOp Model Listing, provided separately. 

' ~va i l ab le  a t  the  GSFC computer f a c i l i t y  on the IBM 360/91 
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JOB EXECUTION 

Job execution is carr ied out using a procedure which assumes t h a t  
* 

the  EOP model has been previously cataloged on disk-pack (see preceding 

section).  

For th i s  condition, job execution consists  i n  the assembly of a 

job deck which provides f o r  c a l l  of the appropriate processing routlines 

froin those in  storage, and the inpu9t of the appropriate data against  
4 

which the processing takes place. 

The sequence of these individual decks as assembled in to  the 

overa l l  'run deck is show, i n  Fig. C-1.  The JCL + MARK I V  d.eck~ are  

individualJy identif ied,  prepackaged s e t s  of ~~3rd.s (see ~ a b l e s  C - 1  

t o  C-3) inserted i n  the order shown without fur ther  user a t tent ion.  

The user prepared inputs a re  inserted i n  the order shown subject, t o  the  

f~1110wing word order within the individual decks. . Model Control Deck - "P-cu,rdl' number order 

. Observable Resurnea Declcs - sensor type 

i n  alphabetical order, followed by obser- 

vable n~mber i n  numerical order, then 
I l A-card" number order. 

. System Element Resumes Deck - element 

category in  numerical order, followed by 

element type i n  alphabetic order, followed 

by element perfomlance i n  numerical order, 

then "s- card" number order. 

A s  an operating convenience, the card decks may be color-coded 

t o  simplify the assembling and inspection of the overal l  run deck. 

A run deck is prepared f o r  each progam a l te rna t ive  of in te res t ,  

and submi2;ted for  processing as a separate ent5"ty. Any number of run 

decks may be submitted a t  a time, and w i l l  be processed independently. 



Fig. C-1 -Job Execution Set-Up 
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Appendix D 

MODEL DEMONSTRATION 

This appendix describes the exercise of the EOP model on a s e t  of 

input data f o r  the purpose of demonstrating the overal l  model operating 

capabili=ty. The input data is based, i n  pa r t ,  an f i e l d  work which sought 

t o  iden'tify potent ia l  users and t h e i r  information needs, bu t  in  %he main 

r e f l e c t s  estimates* produced during the course of the analysis from the 

remote sensing l i t e ra tu re .  The re su l t s  sf the  demonstration, theref ore, 

should not be l i t e r a l l y  interpreted, bu t  may be taken as i l l u s t r a t i v e  of 

t h e  information products available from the model during a programling 

exercise. 

DEMONSTRCITION SCENARIO 

User PTeeds -- 
The demonstration i l l u s t r a t e s  a programming s i tua t ion  where a 

group of required users a re  t o  be served by a s ingle  EOP system. For 

t h i s  demonstration, the regional area .to be served is Southern Florida. 

The user community is taken t o  consist  of the following agencies : 

. U S E  Geological Swvey 

. Dade County Planning Dept 

. Everglades National Park 

. ~ e n t r a l / ~ o u t h e r n  Florida 
Flood Control Dis t r ic t s  

The in te res t  of t h i s  group in earth observation ' s information 

was assessed and rela ted t o  the following general categories of agency 

a c t i v i t i e s  .* 
* 
The agency a c t i v i t i e s  have been inferred from t h e i r  mission and const i tute  
a s Mlif icat ion of the ac tua l  agency -respons i b i ~ i t i e s  f o r  demonstration 
purposes. 
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. Water Resource Management 

. Pollution Control 

. Land Use Planning 

The par t icu lar  a c t i v i t i e s  associated with each agency a re  shown in 

Table D-1. 

Following the methodology f o r  the ~locumenta t ion of user needs 

described i n  Appendix A,  each of the a c t i v i t y  components was rela ted 

t o  spec i f ic  infomation needs, as shown i n  Table D-2. Again follow- 

ing the methodology of Appendix A, each of these information needs 

w a s  re la ted  t o  one or  more information factors  (which quantify the 

needs). The factors ,  in turn,  were re la ted t o  spec i f ic  observables, 

t h a t  is, the phenomena which are  actual ly  sensed t o  provide, e i t h e r  

d i r ec t ly  or  inferentially, the infomnation of in te res t .  The progression 

from infomnation need t o  information factor  t o  observable, is shown in 

Table DL3. 

System Confiauration Alternatives 

The system conf igurtttion is established from consideration of 

the  information needs of the user cornmuni-ty as shown in  Table D-3. 

Sensor Element 

A s  shown in  Table D-3, under sensor type, a l l  the user information 

needs are identif  red terms of multispectral. scanner imagery. The 'choice 

or' sensor is one of specifying the performance l e v e l  t o  be achieved by 

the multispectral scanner. One possible choice .is the scanner currently 

under development fo r  the ERTS program, The character is t ics  of' t h i s  

unit, including development, a r e  ident i f ied in  Table D-4 (under RDM-01, 

PW-01). 

Further inspection of the infomnation needs, as shorn i n  Table D-3 

however, i ~ c l u d e s  a number of requirerents f o r  ground resolutions of 150 

fee t .  Typically, the ERTS scanner w i l l  provide on the order of 250 f e e t  

a t  a 500 mile operating a l t i tude .  In terms of alterna-tive configuratioils 

therefore, consideration should be given t o  *a scanner uni t  with improved 

resolution. For the purposes of the demonstration, a proposed development 



Table D-1  

ACTIVITY COMPONENTS 

USER I ACTIVTITY C O M P O ~  

r water I I ~ a n a  I 1 
I Resource I Pollution 1 Use I Mapping ( Ecological 
1 M g m t  i Control. 1 Planning I I Monitoring 

Geological 
Survey 

Flood Control 
Distr icts  

B d e  County 
Planning Dept. X 

Everglades National 
Park X 



INFORMAT19N 
NEEDS 

Fire  Detection 

Flood Damage 

Flood Prediction 

Geological Features 

Housing bvelopment 

Qdrological Features 

Sa l t  Water k t rus l ian  

Surface Water D i s t r  

So i l  Moisture 

Vegetation Devmt 

r Water Quality 

Table D-2 

INFORrMATION NEEm 

Wat3r 
Resource Pollu-bion 

M-t 

Lsnd 
Use 

Control 
Ecology 

Planning Mapping Balance 



Table T)-3 

USER OBSERVABLES 

Itiformation Information User 
Needs Factor Observable 

- 

Fire Detection Smoke Presence Smoke Color 
Fire Si te  Surface Temp 

Flood - U g e  Veg Damage Veg Color 
land Form Chigj Surface Color - 

Flood Prediction High Water Level Water Color 
Precip Patterns Cloua Cover 

Geological Feat land Form Struct Surf ace Color 
Geothermal Activ Surface Temp 

Housing Demt New Constr Surf ace Color 
vl 

Bydrological Feat Water Courses Water llemp 

Sa l t  Wabr ktru- Intrusion Extent Water Color 
sion - 

Surf Wa*r D i s t r  Depth C l r  Cham Water Color 
Depth Veg Area Veg Color 

Soil  Mofsture Veg Extent Veg Color 
Bare Soil  Extent Soil  Color 

Veg Dent  Veg Vigor Veg Color 

Water Qual',ty Effluent D i s -  Effluent 
charges Plumes 

Plant Stress Plant Color - 

BASIC OBSERVABIX C~wC!I!ERISTICS 

Sensor Spectral  round Ground Area of Frequency of 
%Pe Range Swath Resolu%ior Coverage Coverage Illuminatios 

(14icrons ) (NM) m.) (Days) 

MSsl 0.4-0.8 50 150 Southern 1 Sun-Sync 
10.0-12.0 100 3m Florida 1 

0.5-0.9 100 300 
9.4-1.1 100 300 

0.4-0.7 100 300 
0.4-1.1 100 2500 

7 
7 

15  
1 

0.4-1.1 100 ~ O C  1 Annual 
10.0-12.0 100 500 Annual 

I 
- 

0.4-0.7 50 1 5 C  f 90 

10.0-12.0 50 l 5 G  90 
I- 

4 

0.4-0.7 50 150 

0.4-0.7 50 150 
0.4-1.1 50 1% 

0,4-1.1 100 30C 
1.5-1.7 100 30C 

0.4-1.1 100 30rj 

0.4-1.1 50 15C. 

I - 

7 

I 
7 
7 1 I 

7 f 
7 

1 

0.5-0.9 100 3oc 



Is assumed t o  be available which can develop a scanner with improved 

resolution within the next two years. The character is t ics  of t h i s  

uiit are  a l s o  ident i f ied i n  Table D-4 (under RIM-01, PRF-02). 

Table D-4 

SENSOR CHARACTERISTICS 

Radiometer Unit 
I 

CIll 

RIM-01 RDM- 01 

Angular resolution (O) 

Field  of view (O) 
(cross- track) 

Spectral  L i m i t  (lower) 

Spectral  L i m i t  (upper) 

Number of Spectral  Bands 

Senuor Data Bandwidth 
b 

Casts - Current Year 
b 

Costs - Budget Year 
b 

Costs - Outer Years 

5 M I C  

12.6 MIC 

4 
2400 

$ 2 0 0 ~  

$ 2 0 0 ~  

.5 M I C  

12.6 MIC 

4 
4800 KHZ 

-- - - -- - -- - -- - - -  - 

a 
See Glossary ( ~ ~ ~ e n d i x  J) f o r  def in i t ion  of terms. 

b A s s i g ~ d  values f o r  demonstration purposes. 

Down-Link Element 

In  addition t o  the sensor complement of ,the system configuration, 

provision must be made f o r  the d m - l i n k  portion of the system. For 

the  purposes of the  demonstration it is assumed t h a t  the down-link 

associated with each sensor type is prescribed ( i .e . ,  no a l te rna t ives) .  

The choice o:f down-link is such as t o  provide compatibility between the 

sensor data bandwidth and the l i n k  bandwidth. A s tore  and forward tech- 
nique i s  used.. 

The down-link character is t ics  selected f o r  the demonstration, 

r e f l ec t ing  these c r i t e r i a  a r e  shown i n  Table D-5. 



Dm-l ink  datb bandwidth 4000 KHz 7000 KHZ 

a 
Character is t i c  

Down-link data storage capac5ty 30 min , 30 min 

Down-kink data compression 
'factor 1.000 1.000 

b b 
Costs - Current Year $ 2 0 0 ~  

b 
Costs - Budget Year - $200 

b 
Cos*t;s .- Outer Years - $200 

Store and Forward Unit 

a 
See Gilossasy (Appendix J )  for  definit ion of terms. 

b Assigned values for  demonstration purposes 

SF-01 
PRF-01 

User Promarn and User Model Elemnt3 

SF-01 
PRF-02 

&t addition to  the sensor and d m - l i n k  elements of the systen, 

provision is also made fo r  the software elements of the system. Thzse 

involve for  each user, a U ~ e r  Program which extracts the app rq r i a t e  

user information from the sensor imagery and a User Model, which' 

defines analytically .bhe manner i n  which the infomnatlon is e ~ l o y e d  

i n  the user act ivi ty.  

For the purposes of the model, each user agency is assumed t o  

be supported bQ one development program %o produce a single integrated 

User Program, and another to  produce 8,' single integrated User Model. 

For demonstration purposes the four user agencies are assumed 

t o  have identical User Program and User Model characteristics.* A 

nummary of the User Program and User Model characterist ics is sham 

in  Table D-6 and Table D-7, respectively. 

*The characterist ics are  meant as  a guide ts the scope of the e f fo r t  
involved in the development, t o  provide a basis for  time and cost estimates; 
they do not uniquely define the development product. 



Table 1-6 

USER PROGRAM CHAFYIC~RETLCS 

Number sf Instructions 

- 
Characterist ic 

Number sf Dectsion 
Points 

U ~ e r  programa 

P R G - 0 1  PRG-02 PRG-03 PRG-04 

Nmber of Data Values 
& 

Costs - Current Year 

Costs - Budget Year 

Cost8 .- Outer Years 

'~ssi@;ned values for  demonstration purpbs es . 
Table D-7 

USER MODEL C W l R A C m R B T I C S  

Characterist ic User Mode 1 a 
I I 

Number of: 

Activity Components 

Info~ntt t ion Needs 

Information Factors 

~bservables 

Costs - Current Year 

Costs - Budget Year 

Costs - 0ui;er Years 

a Assigmd values for  demonstration purposes. 



Orbit Type Alternatives 

The EOP Model provides f o r  two basic .  types of orb i t ,  zero d r i f t  

and minim& d r i f t .  The zero drif t  orb i t ,  repeats i ts pa t te rn  of cover- 

age daily, and provides near r e a l  time information. It is l imited 

hawever t o  providing limited coverage of the ear th ,  namely, t h a t  pro- 

vided by the sub-sa te l l i te  bands which can be generated i n  the 24- 

llour period. Minimum d r i f t  coverage, by definit ion,  provides for complete 

coverage of the  ear th  by allowing a progression i n  -tihe coverage of 

each 24-hour period,such t h a t  the inter lace over a period of days 

generates the complete pat tern of coverage? 

Additionally, the  EOP Model provides f o r  desigpat ion of the angle 

of inclination G? the orb i t ,  with the ant ic ipat ion t h a t  the sun-synchronous 

o rb i t  of 99' w i l l  dominate the choice of orb i t  angles considered. 

For the South Florida regional example under consideration, an 

inspection of the user needa as ~hown in Table D-3 yields  the following 

factors  per t inent  t o  orb i t  type selection.  

1. Southern Florida area coverage 

2. Frequency of coverage from 1 t o  90 days 

3. Sun-synchronous operation 

The sun-synchronous requirement can be met with e i the r  the zero 

d r i f t  or  minimum drif t  orbi t .  The frequency of observation requirement 

can be met ( in  a l l  cases) only bjr the zero dr i f t  o r b i t  which provides 

dai ly  coverage. 

The area co'trerage as res t r i c t ed  t o  Southern Florida presents a 

somewhat unique s i tua t ion  with respect t o  the zero d r i f t  o r b i t o  

The Florida peninsula is oriented, t o  a first order approximation, 

d i r ec t ly  along a st ib-satel l i te  t rack f o r  a sun-synchronous orb i t .  In 
addition, the width of the peninsula, approximtes t h a t  achievable by the 

current  ERTS scanner. 

Thus a zero dr i f t  o rb i t  may provide the desired coverage, under 

sun-synch~.onous conditions, on a dai ly  bas is. 

The o rb i t  choice f o r  the demonstration is thus a zero drift ,  99' 

o rb i t ,  which under operational condition# would be aligned t o  pass 

over the Florida peninsula. 

*The model logic  does not i n c l ~ d ~ e  consitleration of a ground reference 
point  f o r  the o r b i t  considered. 

D-9 



DEMONSTRPITTON RESULTS 

As indicated i n  the description of the  demonstration scenario, 

two syste; configurations were selected as a l ternat ives  t o  be con- 

sidered i n  sat isfying the remote sensing needs of the  regional user 

community. One system employs a radiometer with twice {;he resolution 

capabi l i ty  of the other, but i n  a11 other respects, including orb i t ,  

the aystems are  ident ical .  A comparison of the  basic model output 

(program Alternative Sumnary, EOP 3) fo r  each configuratlon i s  shown 

i n  Table D-8. 
,As shown i n  Table D-8, the  system with the lower renolution 

(Alternative 01), s a t i s f i e s  only 25% (25.310) of the  79 individual 

user needs of the user community, Alternative 02, wi th  the higher 

resolutioh, achieve8 a 61% (60.750) s a t i ~ f a c t i o n  df the needs. 

"Phis difference i n  program performance, however, i s  achieved 

at  a development cost of $1,400,000 (800 + 600) for  Alternative 2, com- 

pared with a deve?.qrnon+ .~,sosl; of $800,000 (600 + 200) f c r  the  lower 

resolution system. 

From a launch perspecti:ve, both systems involve the use of a 

DELTA booster t o  achieve the i r  maximum user sat isfact ion.  Alternative 

02, however, can provide a 3% (39.240) user sa t i s fac t ion  i n  a lower 

orbit: (1185 NM) which can be achieved by the smaLler SCOUT booster. 

Ths EOP Model has thus provided the decision-maker with quan- 

t i t a t i v e  information t o  support the following types of judgments. 

. Is khe s i ze  o f  the user community (as measured by the t o t a l  
number of needs served) i n  t h i s  case 79 appropribte 'co t i i e  
l e v e l  of investment being considered, i n  this caBe $800,000 
t o  $1,400,000 plus a DELTA or  SCOUT launch? 

. I s  the f rac t ion  of needs actual ly  s a t i s f i e d  a reasonab1.e 
return,  perhaps based upon the benefits* which ~.CCXY.I~? 

. Is  the commitment t o  new work i n  the  form of development of 
proposed projects,  rather khan the continued development of 
on-&ding work, the preferred course of action i n  terms of 
the overall  deve1opmen.t of remote-sensing technology? 

*See Appendix K for a discussion of the benefi ts  associated 
with map preparation. 
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Should a commitment be made t o  a SCOUT launch over a DELTA 
lau,;lch as part  of a program t o  expedite the response t o  
u.scxV needs by using simpler, l e s s  cost ly  resources? 

It should be noted tha t  the answers t o  these qu,estions a re  not 

d i r ec t ly  obtainable from the model output. The model i n  each instance 

provides a set  of values which can be consistantly compared to  va3ues 

from other runs. The decision-maker must make the f i n a l  determination 

based upon the importance he attaches t o  the difference values. 

For the par t icular  va3.ues determined i n  the model demonstration, 

one possible interpretat ion is %hat a SCOUT launched s a t e l l i t e  i s  the 

desired mission bet thak a large percentage of user needs must be 

served. Assuming that  the technology cannot be pressed t o  achieve a 

higher l e v e l  of resolution, and thereby increase the user percentage 

sa t i s f i ed ,  the decisian may be one t o  expand the s ize  of the user 

community. This would involve a further inquiry in to  the regional 

needs. I n  addition, consideration could be given t o  the needs of 

potent ia l  users within the subsa te l l i te  t rack of the Florida-positionred 

o rb l t  over the balance of the United States.  
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DISPLAY EF'E! DISPLAY TITLE 1 
EOP-1 I USER OBSERVABLES 

This  d i sp lay ,  which comes i n  four  p a r t s ,  provides s t a t i s t i c a l  i i~forma- 

t i o n  on t h e  s e t  of observabLes addressed by t h e  program. Pa r t  I provides f o r  

each sensor type measures of t h e  range (minimum value,  maximum value)  and 

mean (average va lue )  f o r  ench observable c h a r a c t e r i s t i c  f o r  which such 

measures gre  appl icable .  P a r t  IX provides a frequency count of t h e  Type 

Il luminabion ( i  .e . , sun-synchronous, non-sun-synchronous ) . P a r t  I11 provides 

a frequency count of t h e  Earth Coverage. Pa r t  IV provides information on t h e  
I 

amount of t h e  e a r t h ' s  sur face  which must be s tnsed  by each sensor  t o  meet t h e  

Fig. E-1-EOP-1 Summary 
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EOP-LA USER OBSERVABLES 

DESCRIPTION 

This d i sp lay  i s  an adjunct t o  d i sp lay  EOP-1. It i temizes t h e  messages 

on f i l e  f o r  each observable under consi 'deration. These messages cons i s t  of a 

l i n e  o f  t e x t ,  which a l e r t  t h e  model user  t o  some p a r t i c u l a r  aspect  of t h e  

observable,  e s s e n t i a l  t o  i t s  implementation which i s  not  accounted f o r  by t h e  

model operation. The information i n  these  messages may o r  may not  a f f e c t  

t h e  implementation of t h e  observables a s  p a r t  of t h e  s e t  of observables under 

cons idera t ion;  t h i s  i s  a determination t o  be made by t h e  model use r .  

I n  add i t ion ,  t h e  d i sp lay  i n d i c a t e s  t h e  s t a t u s  of each observable a s  

a v e r i f i e d  source of information by use of one of t h r e e  s t a t u s  l e v e l s ;  

proposed, experimental, e s t ab l i shed .  

Fig. E-3-EOP-IA Summary 
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Fig. E-5-EOPd Summary 

BISETAY TITLE 

SYSTEM PERFORNANCE SUMMARY 

h' 

m 

DISPLAY !PYm 
EOP-2 

DESCRIFTTON 

This display,which comes i n  two parts, ,  provides information of t h e  

performance of t h e  system a t  each of t h e  o r b i t  a l t i t u d e s  i d e n t i f i e d  i n  t h e  

Ear th  Coverage input .  P a r t  I of t h e  d i s p i a y  provides information on t h e  

i n s t y w e n t a t i o n .  The value f ~ r  ground swath and ground r e s o l u t i o n  f o r  each 

sensor  type i n  t h e  sys'tem i s  provided a t  each a l t i t u d e ,  along wi th  t h e  va lues  

of o r b i t  cycle  period and number of revolu t ions  per  cycle .  P a r t  I T  of t h e  

t ~ i s p l a y  provides da ta  on t h e  down-link elements of t h e  system, i n  processing 

t h e  sensor  da ta  from t h e  sensor  output t o  t h e  ground stat; ion.  For each down- 

l i n k ,  performance da ta  i s  provided which i n d i c a t e s  t h e  f s a c t i o n  of down-link 

cliannel input  bandwidth and t h e  f r a c t i o n  of' down-link s torage  capaciky which 

i s  u t i l i z e d  during t h e  course of sensor operat ion.  Included i n  t h e  i d e n t i f i -  

c a t i o n  of bandwidth1 u t i l i z a t i o n  i s  t h e  bandwidth compression f a c t o r .  This  

f a c t o r  i s  used t o  compute an e f t x t i v e  sensor  bandwidth, a s  input  t o  t h e  

down-link, t o  account f o r  da ta  stream reduct ion,  i f  t h e  on-board processing 

includes r e a l - t i n e  d a t a  reduct ion .  

a 

USE: EVALUATION OF 

Program Al te rna t ives  

0 Program Performance 

@ System Performance 

0 User Needs 

- 

FORMAT , 

See Fig .  E-6 
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Fig. Ed-EOP-2A Summary 

w 

DISPLAY TIT&E 

SYSTEM ELEMENT .MESSAGE LIST 

? 
DISPLAY TYPE 

EOP-2A 

DESCRIPTION 

This  display i s  an adjunct t o  display EOP-2 and ~ temlzes  the  messages 

on f i l e  for each system element provided fo r  i n  the program. These messages 

consist  of a l ine  of t ex t ,  which a l e r t s  the ~ o d e l  user t o  some par t icular  

aspect of the  system element, essent ia l  t o  i t s  operation which i s  not 

accounted f o r  by the  model operation. The information i n  these messages may 

or may not affect  the  implementation of the system under consideration; t h i s  

i s  a determination to*  be made by the model user. 

USE: EVALUATION OF 

r] hogram Alternatives 

0 Program Performance 

@ System Performance 

0 User Needs 

4 

FORMAT 

See Fig. g 4  

- -- 



-. - 
Fig. E-8-Report EOPdA 



This  display provides a short summary of the  program under considera- 

t ion .  Three basic s e t s  of Snfoiimatiyn are provided. The f irst  s e t  of 

DISPLAY TYPE 

EOP-3 

I information describes program performance and measures the number of I 

DISPLClY TITLE 

PR0GRF-M ALTERNATIVE S W Y  

1 applications sa t i s f i ed  by the program. The number i s  expressed both as a I 

DESCRIFTION 

numeric and as a percent of the t o t a l  number of applications under considera- 

tion,. To the  extent tha t  the  program a b i l i t y  t o  sa t i s fy  some needs ( i  .e ., 
ground swath, ,ground resolution) varies with a l t i tude ,  the progrtull performance 

i s  shown f o r  each a l t i tude  considered. 

I The second s e t  of information shown -in the display presents development I 
cos t .  The overal l  cost fo r  development of a l l  system elements requiring 

development i s  shown. A breakdown i s  shown t o  distinguish between costs t o  

be incurrent i n  the, (upcoming) budget year and the balance of the  cost tc\ 

completion. A fur-bher breakdown i s  shown t o  ident i fy  those develqrnent 

e f fo r t s  which are presently underway in  the  current year (on-going) and those 

which represent new work (proposed). 

The t h i r d  s e t  of information i n  the display ident i f ies  an indicated 

launch oppor'unity. While other factors  would enter in to  the commitment t o  

an actual launch, the  aata display indicates the e a r l i e s t  f i s c a l  year the  

launch could take place, and the booster type necessary t o  place the peyload 

I i n t o  orb i t .  I 

Fig. E-9-EOP-3 Summary 

USE: EVALUATION OF 

Program Alternatives 

0 Program Performance 

System Performance 

User Needs 

0 

FORMAT 

See Fig. E-10 
(information from four 
alterliatives shown t o  
i l l u s t r a t e  basic tradeoff s 
provided by summary) 
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Fig. E-I 1 -EOP-4 Summary 

DISPLAY TYPE 

EOP-4 

BISPWlY TITLE 

PROGRAM PEWORMANCE SUMMARY 

DESCRIEIfION 

This display, which comes i n  two par t s ,  provides information on the 

extent t o  which a given program has sa t i s f i ed  applications. Part I of the  

display i s  sensor-oriented and indicates the  percentage of the applications 

sa t i s f i ed  by each sensor type as broken down by application character is t ics .  

This display provides insight into  which application character is t ics ,  i f  any, 

are not  being met by the program down t o  the  level  of sensor type. Part I1 

of' tlne display breaks down the summary shown i n  Part I by individual 

applications. It iden t i f i e s  the  individual, applications tha t  a re  not being 

sa t i s f i ed  by the pragram. 
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0 Program Alternatives 

Program Performance 

0 System Performance 

0 User Needs 
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F O W T  

See Fig. &12 
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Fig. E-13-EOP-5 Summary 

DISFLAY TITLE 

PROGRAM COST SUMMARY 
ii 

Y 

DISPLAY TYPE 

EOP-5 

V 

DESCRIPTION 

This display,  which comes In  two par t s .  provides information on the  

development cos t s  of individual  system elements. Part  I provides information 

on the  hardware elements of t he  system (sensors,  down-links). Par t  I1 

provides information on the  software elemexits of t he  system (appl ica t ion 

programs, applicat ion models). A breakdown i s  shown t o  d is t inguish  between 

cos t s  which are current ly  being incurred (current cos t s ) ,  cos t s  t o  be incurred 

i n  the  coming year  (budget year cos t s )  , and the  balance of cos t  t o  completion 

(outer  year cos t s ) .  

I n  addit ion t o  the  cost ififormation, the  display indicates ,  f o r  each 

element, t he  s t a t u s  of the  developmental process by use of one of s i x  

s t a t u s  l eve l s  : proposal, f e a s i b i l i t y  study, preliminary development, 

advanced development, operat ional  systl2m, post-operational system, 

USE; EVALUATION OF 

0 Rogram Alternat ives  

Program Performance 

0 System Performance 

0 User Needs 

+ 

FORMAT 

See Fig. E-14 
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Fig. E-IS-EOP-6 Summary 

DISPLAY TITLE 

FBOGRAM TIMING MATRIX 

P 

DISPLAY TYPE 

EOP-6 

DESCRIFTION 

This display,  which comes i n  twol  part^, uses a n,atrix arrangement t o  

indicate  %he f i s c a l  year  a v a i l a b i l i t y  as each system' element against  a 
L 

common time sca le .  Par t  I provides information on t h e  hardware elements of 

the system (sensors,  down-linkls). Par t  I1 provides information on the  

software. elements of t h e  system (applicat ion programs, appU cat ions models). 

w 

USE: EVATAUATION OF 

a Program Alternat ives  

Program Performance 

0 System Performanc:e 

0 User Needs 

4 

FORMAT 

See Fig. E-16 
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Appendix F 

PROCESSING FLOW DIAGRAMS 



START 

G-+< 

Model Control 

Elomont Rosumos 

Obsorvablo Rosumos 
(A-Cards) 

within Each 
Ssnsor Typo 

For Eoch 
Obsorvablo 
within Each 
Sonsor Typo 

I 

Retrieve Observable 1 1 R e s u ~ ~ ~ ~ D a t a f o r  I 1-1 1 S s g e  1 a 
Applications Observables 

as Differonce 
ldontifiod in  Model by Smsor b o t w n n  Upper 

Control Input TY PO and Lower Limits 

Comput. 
Statistical Moosums 
of Rang., Moan for: 
l Spoctrol Range 
l No. o f  Bonds 
l Ground Swath 
l Ground Resolution 
l Fmquony o f  Covomgo 

F a  Each 
Sonsar Typo 

Sot of 
Obsorvablos 

For Obsonobles 
within Eoch 

I 

For Minimum Set 
of Earth Coverago 
for Each Sonsor 

I 

I 
I '  

I t 

For Ovorall I sot of I 

+ 

whore 
E = ares red. Iracrlanr 

Perform 
Froqmncy Count o f  
Type Illumination 

I I I 
I I d I 

Fig, F1-EOP Model Processing Flow (Block 1) 

Goneram 
EOP-1 

P o r n  1, 2 

I Identify Minimum Sot 
Gonoram of Earth Coverago 

I 
I I Compute 

EOP-1 Sonsod Earth b which Satisfies 
Part 4 A l l  Obsonablos Fmction (FSN ) 

. 

Gmorom 
EOP-1 
Part 5 

Gonorom 
EOP-I 
Part 3 

I 
1 ,  

I 
1 ,  

1 

Fmquoncy Count o f  
Perform 

Earth Covnago 

t 

Rotriove 
Message To r t  

Gonuom 
' * EOP-1A 

- 



Idontify Idontifi 
Orbit Conditions Orbit Doto: 

from Model rn 

Control input l Cycle Period 
l No. of Cycks 

EnterY)rbits 
yes ToUe, Retrierr 

Dom fer Eoch 
Altitude Range 

Enter Orbit. 
Table. Retrierr 

Orbit D o n  

I 

E k r m t  R e s u u  
Dote for Elaaonts 
Ilmtifd in Y d . 1  

G n h l  Input 

2ldOO sin (I) 
PC =!I 

w a  No I I 
whew 

I =orbit inclimtion 
Wy==miniclu s ~ i h  width (MY) 

NO= r e d r i f t  orbit cycle 
p r i o d  for oltitudo .on- 

11 ... 11 =mdu, to 
intogor u l u o  

For eoch 
Smsor Elemmt 

For eoch 
Smsor Eloment 

l Smsor El-t 
l Altitude 

+ 

whom 
H =Altitude (NM) 

AF = Smsor Fieid of Viow, 
Cross-trock (Rod) 

I I I 
I Compun Sensor I Compute Sonsor 

R ~ = 6 0 8 0  H 

H =Altitude (NM) 
AR = Sonsor 

Angular Re- 
solution (Rod) 

Ground Swoh 

Fsw = 21600 sin (I) 

Ws = Smsor h d  
S W O ~  Width ENM) 

V =Orbit cycle 4 s  

Ground Resolution 

Fig. F2-EOP Model Processing Flow (Block 2) 

I 
I 

b 

I I I 
b 

Wid& (P!G ), 
for Eo& Altitude 

in Orbit Ooto 

I ,  (RG), for 
Each Altitude in 

in  Orbit Doto 

. I ,  Gonuon 
EOP-2 
Pert 1 

c-pvh 
Swept Eorth 
Froction (FsW ) 

b 



I For Each 
Sensor Element I For Each 

Sensor Element 
For Each 
Sensor Element 

, 

BE = F c  Bs 

where 
FC = Link Data 

Compress ion 
Fraction 

BS = Sensar 
Bandwidth 

i b 

I For Each: I 

I 

I a Sonsor 
a Down-link Element I 

I I 
4 

I 
t 

I b 

BE Us =- 
BL 

where 
BE = Effective 

Sensor 
Bandwidth 

BL = Link lnput 
Bandwidth 

* 

I 

Compute 
Fraction of Gen orate 

Link Storage EOP-2 

Utilized (US) Part 2 

f . 
Compute I 
Effective 

b Sensor 
Bandwidth (BE) 

Compute 
Fraction of Link 
Input Bandwidth 

Utilized (Us) 
> 

Retrieve 
Message Text 

I 
I 

L 

L w 

1400 FSN 
Us = 

NL t CL 
where 

F ~ N  = Sonred Earth 
Fraction 

HL = No. of Link 
Daily Transmits 

CL = Link Storage 
Capacity (Min) 

Fig. F3-EOP Model Processing Flow (Block 3) 



For Each 
Sensor Type 

Compare Sensor 
Elemant Values 

(E) for: 
Spectral Range 
No. of Bands 
To lndividual 
Application 
Values (A), 

Code Result: 
0 =-E <A, 
I = E ~ A  

For Each: 
Sensor Type 
Altitude 

Compare Sensor 
Element Value 

for: 

Ground Swath Width 

To Individual 
Application 

Values, 
Code Result: 
O=E<A 
1 =E>A 

Compan Snsor 
Element Value 

for: 
Ground Resolution 

To Individual 
Appl icotion 

Valws, 
Code Result: 

O = E > A  
I=ELA 

Fig. F4-EOP Model Process?ng Flow (Block 4) 

Orbit - 

Compare Orbit 
Illumination Type 

to lndividw! 
Application Type 
lltumination Value, 

Code Result: 
O=E<A 
1 = E ~ A  

. 

Inclination 

I 

A 
Y es 

b 

N 0 

Set Orbit 
Illumination 
Type to 1 

a 

v L Y 

1 

Set Orbit 
Illumination 



For Each 
Application 

i 

For Eoch 
Sensor 

I 

comput. a 1 4 Product of 1 4 G~2m 1 4 
S m h  Values 

to Form Ovoroll I Smte Volu. I u I 

i..., 1 = A l l  Volws 
Sot is f id  

0 = O k m i s e  

For Each 
System E l m n t  n 

Count No. o f  
Applicoticns 1 

w i h  A l l  Volws Gonorate 
Satisfied, I EOP-4 

I Compute 0s Port 1 
Percent of 

A l l  Applications 

For Eoch 
sysmln E h t  

For Each 
Altitude Rang. 

I 

I I 

E n k r  Booster Table 

Elements in  To L i f t  Poylood 

Poy lood into Altitude 

- 

Fig. FS-EOP Model Processing Flow (Block 5) 

I 

I 

Compute Smporok 
Total Costs 
?r Hodwon 

ond Softror. 
Elements 

Rotrimw 
Dovolopmont 

Status oad 
Costs of 
Elements 

rn b 
G.mrotm 
EOP-5 

Parts 1,2 

Generote 
E3P-6 

Parts 1,2 

9 I '  
I ,  

Sotriew 
FY AvoiEobility 

of Elemonts 
b 



Appendix G 

INPUT DATA I?ORMA"IS~ 

Card $ype 

A-1  

A - 2  

A- 3 

Figure 

G-1, User Observable Resume I 

G-2 User Observable Resume I1 

G-3 User Obsexlvable Message . 
G-4 Senoor Element I 

G-5 sensor Element I1 

G-6 Down Link Element 

G-7 System Element Costs 

G-8 System Element Message 

G-9 Run Identification 

G-10 Activity Identification 

G-11  System Element Identification I 

G-12 System Element Identification I1 

G-13 Earth Coverage Identification 

7. 
"See Glossary for  the definit ion of the parameters used i n  the figures. 



Fig. G-I-User Observable Resume I 

CARD TITLE 

ITEM 
NO. 

1 

2 

3 

4 

5 
6 

7 
8 

9 
10 

11 

12 

User Observable 

PARAMETER 

Time Horizon 

Activity Category No. 

' User Agency No. 

Activity Component No, 

Information Need No, 

Information Factor No, 

Obseriiable No. 

Sensor Type 

Observable 

Earth Coverage 

Frequency of Coverage 

Observable Status 

.?.?I 

CARD ID 

Resume I 

COO€ 
GROUP 

. H 
C 

G 

G 

E 

L 

w.1. 

FORMAT 

N 

N 

2N 

2N 

2N 

2N 

2N 

3A2N 

~ O A  

5N 
2 N  

N 

1 A l  

COLUMNS 

1 

2 

3,4 
5,6 
7,8 
9 910 

11,12 

13,17 

20,59 

62,66 

68,69 
72 

@,80 

*U 



Fig. G-2-User Observabie Resume, !I 

I 

CARD TITLE 

I 

User Observable Resume I T  

COLUMNS FORMAT ITEM 
NO, 

1 

2 

3 
4 
5 
6 

7 
8 

9 
10 

11 

12  

13 

14 
1 5  
3.6 

PARAMETER CODE 
GROUP 

N 

2N 

2 N  

2N 

2ij 

2N 

3A2N 

3A2N 

3A 
5 ~ .  4~ 
5 ~ .  4~ 

2 N  

N 

3N2A 

~ N Z A  

1% 

Time Horizon 

Activity Category No. 

User Agency No. 

Activity Component No, 

Information Need No. 

Inf omat  ion Factor No. 

Observable No. 

Sensor Type 

Sensor Type 

Spectral U n i t s  

Spectral  L i m i t  (~ower) 

Spectral L i m i t  (upper ) 
Number Spectral Bands 

Type Illumina,tion 

Ground Swath (NM) 

Ground Resolution ( f e e t )  

CARD ID 

I 1 

2 

3,4 
596 

7,8 

9,3-0 
11,12 

13,17 
20-24 

27-29 

31-40 

45-54 

57,58 
61 

64-68 

61-76 

'78- 80 

. H 
C 

G 

G 

, 

I 

r- 



Fig. G-3-Usen Observable Message 



Fig. G -4-Sensor Element I 

CARD TITLE 

Sensor Elemect I 

ITEM 
NO. 

1 

2 

3 
4 
5 
6 
7 
8 

t 

PARAMETER 

- 
Senaor Type 

Sensor Performance Increment 

, System Element Category 

Spec t ra l  Ynits 

Spec t ra l  LPmit ( ~ o w e r  ) 
Spec t ra l  Limit (upper) 

Number Spect ra l  Bands 

Angular Resolution 

', 

CARD ID 

FORMAT 

3A2N 
3A2N 

' N 

3A ' 

TN, 4N 

5 ~ .  4N 
2N 

4N. 4~ 

1S1 

CODE 
GROUP 

T 

COLUMNS 

1-5 

8-12 

1 5  
28-30 

32-41 

46-55 
58-59 

67-75 

78-80 



CARD TITLE 

Sensor Element TI 

big. G-5-Sensor Element ll 



Fig. G6-Down-Link Element 

CARD TiTLE 

I Down-Link Element 

ITEM 
NO. 

1 

2 

3 
4 
5 
6 

7 
8. 

I 

PARAMETER 

Down-Link 'Type 

Dowri-Link Performance Increment 

,System Xlement Category 

Down-Link Data Bandwidth (KHz) 

Down-Link Storage Capacity (min) 

l)oT;m-Link, Data Compression Factor 

Weight (lbs) . . 

Power (avg watts) 

L, 

CARD ID 

CODE 
GROUP 

T 

FORMAT 

3A2N 
3A2N 

N 

4 ~ 2 ~ .  

4 ~ 2 ~  

N.3N 

4~ 
4N 

COLUMNS 

.. 1- 5 
8-12 

15 

2Q-25 

30-35 
40-44 
60-63 

66-69 

- 



Fig. G-7-System Element Costs 



Fig. G-8-System E lament Message 

- 
CARD TITLE 

System Element ~ e s s a ~ e  

COLUMNS 

1-5  
8-12 

1 5  
20-69 

78-80 

FORMAT 

3A;lN 

3A2N 

TJ 

50A 

1s 5 

CODE 
GROUP 

T 

I 

l TEM 
NO. 

1 

2 

3 
4 

PARAMETER 

n 

Byatem ~lement Type 
System Element Perfsrma,nce ' 

, ~ncrembnt 
System Element Category 

Message Text 

CARD ID 



CARD TITLE 

Run Ident i f ica t ion  

Fig. G-9-Run Identification 



CARD TITLE 

Act iv i ty  Iden t i f i ca t i on  

Fig. E-10-ActEvity Identification 



Fig. El 1-System Element Identification I 

CARD TITLE 

System Element I d e n t i f i c a t i , o n  I 

COLUMNS 

13-17 
1-8-19 
21-25. 

28-32 

40-44 
47-51 

54 

70 

78-80 

FORMAT 

AAAO1 

2N 

3 g N  
3A2Ne 

3A2N 

3A2N 

N 

N 

n ~ 4  
( ~ o t e  1) 

CODE 
GROUP 

ITEM 
NO, 

1 

2 

3 
4 

5 
6 

7 
8 

PARAMETER 

Card ID 

Run Number 

Sensor Type Se lec t  

Sensor Performance Increment 
Se lec t  

Down-Link Type Se lec t  

Down-Link Performance Increment 
Se lec t  , 

Down-Link Type Count 

Daily Transmits Se lec t  

Note 1: 

A separa te  ~ 4 - c a r d  i s  prepared 
f o r  each sensor/down-link com- 
b ina t ion  i n  system and consccu- 
t i v e l y  numbered from 1 t o  n. 

CARD ID 



Fig. G-12-System Element Identification II 

- 
CARD TITLE 

t System Element 1den t iT ica t ion  I1 

COLUMNS 

1-5 
1 5  

20-24 

2'7-31 

40-44 
47-51 

54 

Not 
Punched 

FORMAT 

A M O N  

I 

3A2N, 

3A2N 

3A2N 

3A2N 

N 

nP5 
( ~ o t e  1) 

ITEM 
NO, 

1 

2 

3 
4 

5 
6 

7 

PARAMETER 

Card I D  ' 

System Element Category ( f o r  
sensor  element ) 

b 

Sensor Type S e l e c t  

Sensor Performance Increment 
S e l e c t  

Down-Link Type Select, 

Down-Link- Performance Increment 
S e l e c t  

Down-Link Type Count 

Note 1: 

A separa te  P5-card i s  prepared 
fo r  each sensor/down-link cumbina- 
tion i n  system andl consecuti-rely 
numbered from I t o  n. 

CARD ID 

CODE 
GROUP 



Fig. G-i 3-Earth Coverage Identificbtion 

I I - 
CARD TITLE 

9 Ear th  Coverage I d e n t i c a t  i o n  

COLUMNS 

13-17 

18,J.g 

22 

"I 
24-26 

28-30 

33-37 
39-40 

' 42-45 
48-50 

78-80 1 

l TEM 
NO. 

1 

2 

3 
4 
5 
6 

7 
8 

9 

PARAMETER 

Card I D  

Run Number 
t 

Orbi t  Type Se lec t  ( ~ o t e  2)  

Minimtun Swath Width Se lec t  (NM) 

Orbi t  I n c l i n a t i o n  Se lec t  ( ~ e g )  

Sine (~nc?. in ,at ion)  

Orbi t  Cycle Period S e l e c t  

Orbi t  Al t i tude  Se lec t  

' Orbi t  Revolutions S e l e c t  

Note 1: 

Each run  i n  a sequence i s  
numbered s e q u e n t i a l l y  s t a r t i n g  
wi th  "01." 

Note 2: 

Specify remaining pazamoters 
per t a b l e .  

Orbi t  Type Item Nos. 

R 3  4-8 
R1, W2 3-5 

CARD 10 

- 

CODE 
GROUP 

R 

FORMAT 

AAAOb 

2N 
(Note 1) 

N '  

3N 

3 N  
N . ' 3 ~  

2 N  

4~ 
3 N  

1 ~ 6  



Code Ldtter  - 
C 

Appendix H 

CODE CATALOG 

Table - 
Activi ty  Category 

Element Status 

Agency Programs 

Time Horizon 

Illumination Type 

Observable Status 

Act ivi ty  I d e n t i f i e r  

Orbit; Type 

System Element Category 

Field-of-View Type 

Page 

H - l  



n-CODEc TE 3 P9FL Iv I N A R Y  D'FVVT --- -.. 
D - C U ~ ~ E T ;  TE 4 ADVANCE3 OEVMT 

-- -- ,- - 
AGENCY DROGR4Mq 

G-CODES +E -*-..- -- ( T O  9E DEFINED) -.- 



H-COr)Fc: TE O CVQDcNT 
.--lnrr----.-̂.rr..-...u-r..l.---.------------,- -------r*.-., -.. -*....-.-.--..",-.--I.,---.--.- .-- .....A-r ---- -. 

W-CODFS TE 1 2 YFARq 
H-CQDFC: T E  2 4 YFARS ,------. 

H-COr)cC TE 3 R YFARS 

ILLUMINATION T Y P F  CODCS 

1-conm TE 2 NQN SVN-SYNCHROYOUS 



,- -> - -- .-*-."---8"---.*-,.".------------ ---. ..., 
ACT 1 V I TY I DFNT IF IFF! C O r F 9  

CAT --... ACTIVITV CATEGORY ..*-- --- - 
PPG AGFNICY nc7 'OGnA~ 

----....A... ----...------ ---". -.--- TABLE H--R - <,-------- ------ 

----- F 1FI-C) -- O F  V I F M  T Y P E  CODES ,- 



Appendix I 

MODEL PARAMETER TABLES 

Table - 
1-1 Earth Orbits 

1-2 Earth Coverage 

1-3 Booster Payload 

Figure 

1-1 Federal Administrative Areas 

Page 



EARTH ORF! I T S  TAR[-E - 
-.--- 

ZERO D R I F T  ORBITS 

ALT I TUDF ORBIT ORR I T C Y C L F  REVS ORR I T  
RANGE A L T  I TUOE PERIOD PERIOD PER CYC D R I F T  

- YTNIMuM D R I F T  ORBlTC ---.---.. 

- -- 
PLT 1 TUDE ORRIT ORR I T C Y C L E  REVS ORR I T  

RANGE --- ALT 1 T 'OE  PERIOD PFRIOD PER C Y C  Df? I F T  -.- 

I-I 







Table - 1-2 

EARTH COVERAGE f ASLE 

CODE EARTH AREA 
SURFACE 
FRACT I ON 

E 10000 leQ00000 GLOBE 
E20000 a287000 - CONTINENTS 
€21000 047300 NORIH AMERICA 
E21100 0 14800 CONTIGUOUS UrSe ., 
€21 101 e060334 FAA 1 (FED ADMIN AREA)- 

- €21 102 000294 FAA 2 
E21103 000624 FAA 3 
E21104 o 00 1950 F A A  4 - 
E21145 00 1680 FAA 5 
€21 I06 002850 FAA 6 
€21 107 00 1450 FAA 7 
E21108 roo2450 F A A  8 
€21 109 r 00 1950 FAA 9 (LESS H A W A I I )  
Ee l  1 10 00 1260 FAA10 (LESS ALASKA) 
€2 1200 002980 ALASKA 

* See Fig. D - 1  for definition of areas 



SOURCE: Tho National Atlas of the United States of America, 
U.S. Geological Survoy, 1970. 

Fig. I-1-Federal Administrative Areas 



- Table 1-3 

BOOSTER PAYLOAD TABLE 

BOOSTER PAYLOAD L I M I T  ( L R S )  BY ALTITUDE RANGE 
T Y P E  R 1 R2 R 3  R4 R 5  

SCOUT 400 325 250 2 08 125 
DELTA 3050 3350 2650 1990 1100 



Appendix J 

MODEL DATA FORMS 

NOTE: , 

The material i n  t h i s  appendix has been l e f t  untikled'and unpagina- 

ted  t o  permit reproduction and individual blank forms fo r  use on am 

experimental basis.  



. 

Option No. I - 
PROGRAM DEFINITION WORKSHEET 

W' - 
C 1 ,- 

Part 1-USER ID 
Fil l  in A and U or A und C, 

I- 

f' 

User Activity 

AGENCY ACTIVITY ALL 

.- - 
- 0 
- 
- C] 
- I2 

A 

Time Hori ZO~I  

C] Current 

C] ~ e x t  2 Yrs 

C] Next 4 Yrs 

Next 8 Yrs 

B 
- 

User Activity Category 
.-n - 

[Z1 Agri and Forestry 

Env Chgs and Cut Res 

0 Geod and Cart 

u Geol and Min Res 

C] Ocean and Mar Res 

C] Hydr and Water Mgmt 

Part 2-SYSTEM ID 

No. of 
Daily Xmts 

Chanrlel 
No. 

1 

2 

3 

Part 3-EARTH COVERAGE ID 
Fill in A and B or A and C. 

Sensor 

A 

Orbit Type 

Zero drift 

Min drift 

Selected 

Type 

- 

Down Link 

Perf 
--- 

Type 

Notes 

i 

Perf 

-- - 

B C 

Min Swath Orbit lncl 

. 
Orbit Cycle 

Revs 
1 

I 

Orbit 
Altitude 

Orbit lncl orbit Cycle 
Period 



& 

NEED EVALUATION WORKSHEET 

OPTION NO. 

Model lnformat ion 

EOP-1 
Part 1 

Imagery 
Statistics 

EOP-1 
Part II 

TY Pe 
Illuminatio!n 
Frequencies 

EOP-1 
Part Ill 

Earth 
Coverage 

Frequencies 

EOP-1 
Part IV 

Sensed Earth 
Fract icn 

l tem 

Evaluation Criteria 

Number of Observables 

Minimum number of s,nsor types of 
serve % of observables 

Ground swath width to serve % 
of observables 

Illumination type to serve % of 
observables 

Earth coverage type t o  serve % 
of observables 

Fraction multiplisd by is  
estimate of d ~ i l y  number of transmits 
for - atation ground network 

Act ion 

Item 

1 

2 
1 

3 

4 

5 

6 

7 

8 

Evaluation 

No. of Obs 

Type 1 -,-- - 
Type 2 

TY pe 3 

Swath Width NM 

sun-sync 

Non SunSync 

] ~ u l l  coverage 

Partial covorage 

- -  I 

Dai ly Transmits 

Evaluation Summary 

1 

-em- 

u Consider Need Set 

U Redefine Need Set 

Discard Need Set 



- 
SYSTEM PERFORMANCE EVALUATION WORKSHEET 

OPTION NO. 
f 

Modal lnformat ion 

EOP-2 
Part I 

Sensor 
Performance 

EOP-2 
Part II 

Down-Link 
Performance 

!tern 

Consider System 

Redefine System 

Discard System 

A 

Criteria 

For Fu l l  Earth Coverage: 

(1) Does each selisor type achieve a 
swept fraction approximated equal 
unity? 

(2) Does this condition occur at cnmltlon 
altitude range? 

For Partial Earth Coverage: 

(1) Does each sensor type achieve a 
swath width approximately eqyal to  
minimum swath width? 

(2) Does this cond i t  i on occur at a com- 
mon altitude range? 

Does Link Data Bandwidth Util ization 
of each Down-Link approximateiy equal 
unity? 

Does Link Data Storage Capacity of 
each Down-Link approximately equal 
unity? 

1 

Item 

1 

2 

3 

4 

5 

6 

7 

8 

9 

lo  

Results 

Swept Fracti on/Swath Width 
Co~tdi t i  on Met? 

Type 1 Yes n No 

Type 2 1 Ye$ 5 No 

Type 3 Yes No 

Conimon Altitude 
Condition Met? 

Yes No 

Data Bandwidth Condition Met? 

D-L 1 0 Yes u NO 

D-L 2 0 Yes No 

D-L 3 Yss r-J No 

Data Storage Capacity Condition Met? 

D - L 1  Yes O N o  

D-L 2 Yes No 

D-L 3 Yes No 

Action Evaluation Summary 



USER ACTIVITY RESUME 

I 

User Agency 

- - 

Part 1 

ACTIVITY COMPONENTS 

User Activity 

Activity Description 

No. 

1 

2 

3 

4 

5 
L 

6 
I 

7 

8 

9 

10 

Activity Component 
EQP 

Info Sources 

Other Both 

4 

C 

3 

5 



USER ACTIVITY RESUME 

w 

User Agency 

Part 2 

COMPONENT INFORMATION NEEDS 

Activity Component 

4 

Component Description 

Component 

Need 

- 

-...., 

lnformat ion Needs 

No. lnf ormat ion Factor 

C". 

Update 
Interval 

1 
I 

.".--*-."."."----."-. 

- 

.. 



PROGRAM PERFORMANCE EVALUATION WORKSHEET 
OPTION NO. 

Model lnformat ion 

I 

EOP-4 

Program 
Performance 

Summary 

EOP-5 

Program 
cost 

Summary 

EOP-6 

Program 
Timing 
Matrix 

Item 

Consider Program 

Redefine Program 

U Discard Program 

I 

Evaluation Criteria 

Are % or more of observables 
satisfied? 

For those unsatisfied i s  there a con- 
stant dissatisfying factor? 

Cost Limits 

Hardware 

Budget Year 

To Completion 

Software 

Budget Year 

TO Completion 

Timing Limits 
. . 

Hardware - 

Software 

-m 
- 

Act ion 

Item 

1 

2 

3 

4 

5 

Evaluation Resu Its 

Observables Satisfied? 

Yes No 

Dissatilsfying Factorjs)? 

yes NO 

Identify Factor(s) 

Cost Limits Met? 

0 Yes No 

• Yes NO 

6 
I 

0 Yes No 

7 ~ ~ 8 s  n ~ o  

Timing Limits Met? 

8 Yes a No 

9 yes NO 

Evaluation Summary 



. 

USER OBSERVABLE RESUME 

- 

User Observable Number 

User Agency 

Obsr T ime 
Hor  

Activity Component Information Need I 

A c t  
C a t  

lnformat ion Factor I 

Act  
Comp 

User  
Agny 

Observable I 
- 

Info 
Need 

Observable Characteristics 

Fact Info 

NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 
-"" 

1 O 

C H A R A C T E R I S T I C S  

Sensor Type 

Spectral L i mi t-Upper 

Spectral Limi t-Lower 

Spectral Units 

Number Spectral Bands 

1 1 Obseruabie Status (Code) 

F O R M A T  

3A2N 

5N.5N 

5N. 5N 

3A 

V A L U E  

N 

Minimum 

Meesage (50A Max) 

II 

I 2N 

Nominal 

- 

Ground Swath Width (NM) 

Ground Resolution (FT) 

Area of Coverage (Code) 

Frequency of Coverage (Days) 

Type l l l urn i nat i on (Code) 

Maximum 

4N 

4N 

6N 

2N 

N 



SYSTEM ELEMENT RESUME 

A J 

Part 1 

ELEMENT DESCRIPTION 

Type 

Perf. Levol 
Element 
Category 

C] Sensor User Program 

0 Down-Link User Model 

No. 

1 

2 

3 

4 

5 

Element Description 

- 

Development Ti t le 

- 

Development Control No. 



SYSTEM ELEMENT RESUME 

I 

Part 2 

ELEMENT CHARACTERISTICS 

Type 

-- 
Perf. Level 

Element 
Category 

a Sensor C] User Program 

0 Down-Link r] User Model 

Technical Characteristics 

Sensor 
Element 

Sensor 
Da to 

Bandw~dth 

Weight 

Angular 
Resolution 

Power 

Spectral 
Lirnit- 
Upper 

Type Fie ld  
of View 

Down-Link 

Administrative Characteristics 

All 
Elements 

Spectral 
Limit- 
Lower 

Fie ld  of 
View, A-T 

Message (50A) Max 

F Y  
Available 

Spectral 
Units 

F ie ld  of 
View, C-T  

Numbei. 
Spectral 

Bands 

Fie ld  
Inclination 

Development 
Status 

Cost 
Current F Y  

Cost 
Budget F Y  

Cost 
Prior F Y  

Cost 
Outer F Y  



Appendix K 

THE IIIEASURF: OF ECONOMIC BENEFITS 
FROM REMOTE SENSING. 

This report represents the independent 
findings of Mathematica, Inc., of Princeton, 
New Jersey on one par t icu lar  aspect of the 
inforrna.t;ion needs of a reglonal community of 
users . 



Appendix K . 
21% MEASUIIE OF ECONOMIC BENEFITS 

FROM REMOTE SEN SING^ 

In addressing the potential benefits of Remote Sensing applied 

t o  southern Florida water management, one should fir s t  consider 

what is currently being done by conventional means. The benefits 

derived f r o m  replacing o r  complementing current  techniques a r e  

then evaluated in light of most probable cu,rrent capabilities and likely 

capability in~provements  in Ear th  Kesour ce s Observation Satellites 

(ER,OS) . 
As has been suinmarized in this paper, it has  been demonstrated 

that there  will be major  benefits t o  hydrology f r o m  interdisciplinary 

progra.lzas of space technology that include improved weather forecasts, 

improved land-use mapping and classification, topographic and geologic 

mapping, precipitation reporting on a rea l -  t ime basis, and ae:aial 

est imates of soil  temperature,  As reported by the National Aczden2y of 
2 Science s f  National Research Council, "Space t e  ch~lology applied to 

hydrology s h ~ u l d  be evaluated and exploited in the interest  of the ufiers, 

taking into consideration the following: the transfer  of data f r o m  ground 

stations o r  sensors  finally t o  the users ;  the impact of econom~ic, social  

o r  political factors  on water resources  dcveloprnei~i: and the need for  

hyclrologic data; and the administrative s t ructures  to coordinate arid 

integrate all space programs regarding applica4;ion.s in hydrology. It 

In the follovr7i.ng pages the method and es t imates  of how to  measure  

the economic benefits f r o m  topographic surveys and identification in 

southern E!orida is given. 

?Excerpt from: "An Investigation in to  the Economic Benefits of 
Remote Sensing by the Earth Resources Observation Sa te l l i t e  (EROS) 
Applied t o  Southern Florida Water Management," prepared under sub- 
contract t o  Research Analysis Corporation by Mathematics, Inc., Nov 
4, 1971. 
2 
Summer Study on Space Applications. Division of Engineering. 

NationaL Research Council.' Useful Applications of Earth-Oriented 
7 

Sate l l i tes :  Hydrology. Washington, D. C. National. Academy of 
Sciences. 1969 



In f i sca l  1968, the Geological Survey of the Department  of the 

Inter ior  spent approximately $27 million for  topographic surveying 
1 and rriapping. Of this ,  $600,000 w a s  expended on 200,000 square  

mi les  of a e r i a l  photographs, According to e s t ima tes  obtained, topo- 
2 

graphical  maps  a r e  replaced about once in twenty y e a r s .  One-twentieth 

of the United States  land a r e a  (excluding Alaska)  i s  equivalent to about 

150,000 square  miles .  This bea r s  up quite wel l  with the 200,000 square  

lmile aerial.  photograph figure considering that the re  i s  a r e a l  a r e a  loss  

of about 30 to  40 percent due to  edge distort ion.  Dividing 150,000 

square  mi les  into $27,000, 000, we obtain an  average  topographical 
4 mapping cos t  of approximately $180 per  square  mile. This r ep resen t s  

topographical maps  of a l l  s ca les  ranging f r o m  the 1:2,400 to  the 

1:5, 000,000 s e r i e s .  A quadrangle m a p  of the basic 1:24,000 s e r i e s  

(covering f r o m  49 to 70 square  mi les )  costs .  between $12,000 and $15,000 

t o  update. Using averages ,  th is  comes  to lan  average  cos t  for  this s c r i e s  

l ~ h i s  f igure and many that follow have bean der ived by l inear ly  in te r -  
polating for 1968 having been given actual. expenditures for  f i sca l  1963, 
1964 and anticipated f iscal  1973. Source: Office of Science and Tech- 
nology. Cori~init tee on Natural  Resources ,  Resea rch  and Development 
on Natural Resources .  F e d e r a l  Council for  Science and Tecllnology. 
1964. 
2 This excludes Alaska which, for  the m o s t  pa r t ,  is  uncharted. 
3 It i s  the practice of the Geological Survey to take a e r i a l  photographs 
of an  a r e a  when topographic maps  a r e  being updated. 
4 Aer ia l  photography i s  only a smal l  percentage of topographic mapping 
cos ts .  P, m a j o r  component is  the cos t  of the orthographic rectif ication 
process  required for the construction of a mosaic  f r o m  the ma.ny a e r i a l  
photographs taken f r o m  var ious angles.  Because sate l l i te  pictures will 
be taken a t  constant sun angles and f r o m  altitudes wh'ich will a lmost  
el iminate edge distort ion,  this process  could be virtually e l imi l~a ted ,  
great ly  reducing the costs  of m a p  updating for  the technically feasible 
sca les .  



of $225 per square  mile .  1 

The southern Flor ida  land a r e a  a s  shown in F igure  1 i s  about 

250 thousand square  nziles. As shown , this  includes the land 

a r e a  extending southward f r o m  Lalce Okcecbobee. Assuming that 

the a r e a  that  i s  now being updated by a e r i a l  surveying i s  proportional 

to the continental U. S. a s  a whole, 12, 500 square  mi les  in southern 

Flor ida  a r e  updated each  year .  2 

Es t ima tes  of the average  cos ts  of these  m a p  s e r i e s  have been 

derived fronz: U. S. Department  of the In ter ior ,  Geological. Survey, 

"Topographic Maps, Geological Survey, Map Information Service,  and 

Lowell E. S t a r r  and Winston Sieber t ,  1 '  Potential Time -Cost  Bent?{its f r o m  

Use of Orbital-Height Photographic Data iia Cartographic P rograms .  

Technical Let te r  NASA -54,  August 1966. 

In Figure  4, the a r e a  er.t,losed by OEFA represen t s  the ac tua l  

topographical mapping that by assumption is cur rent ly  being done in 

southcl:n Flor ida:  twelve and one-half thousand square  mi les  a t  a c o s t  

of $2, 250, 000. Were the PROS s y s t e m  able to replace conventional 

methods f o r  updating this amount of maps ,  the market: value provided 

would be $2, 250, 000. Th i s  i s  depicted by the a r e a  of the rectangle,  OEFA. 

1 The Geological Survey embarked on a prDgram in 1964. to  cover  the cn t i re  
United Stales (excluding Alaslca) with 1:24 000 maps  by 1981. Tha Geo- 
logical Survey is cur rent ly  a l s o  engaged i n the compilationl of a 1:1, 000, 000 
s e r i e s  of the United States '  coastal  and ccntinental shelf area.s ,  which they 
hope t o  complete within the next five yea: s .  They a l so  want to e m b a r k  
on a 10 to 20 yea r  program to generate a 1:250,000 scale  s e r i e s  of maps  
of the same  a r e a s .  Est imated annualfunding fo r  this l a s t  t a sk  i s  f r o m  
$5 million to  $20 mi,llion. I ,  

c. 
L 

This would s e e m  to be an overestimation,  but m o r e  precise  information 
has not been obtained and the argument  i s  not dis tor ted by it. 
3 
F o r  this e s t ima te ,  $180, the average topograph.ic cos t  per square  m i l e  

for  all s e r i e s ,  i s  used. 
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Table 1 sun-~~nai* izes  the estj,m.ated annual potential EROS m a r k e t  

values (demand) .Exom satellite. car tography reflecting the assnmptions 

and inforrrlation presented above. 

Table 1: Est imated Undiscounttjd Annual Demand f o r  Cartography 
in Southern Flor ida  (imillions of 1963 do l l a r s )  

Potential Benefits of EROS Applications 

) Ful l  Cur ren t  After After  
Replacement Rate Benefit Resol.utions 5 Years  10 v e a r s  I (1 0 Yo) (40%) (9b%) 
E v e r y f i v e y o a r s  1 5 . 6  0 .5  2.1 4 . 7  

Biannually 

Annually 1 23.4 2.. 3 9 . 3  20.9  

A t  the present  t ime,  the annual EROS m a r k e t  values  for  car tography 

in the 240 thousand square  mi le  a r e a  shown in Tab1.e 1 a r e  f o r  the r easons  

just giveil on the order  of $1. 2 ilillliol~. Referrlag to I ' igure 1, this 

antici.pates demand f o r  biannual replacem.ent and present  EROS capa - 
bility. 

Although this  cstirnate i s  based on hypothetical denland function F B ,  

It i s  expected that  there  will  be a shift in demand to F C  o r  D F ,  indicating 

m a r k e t  values a f te r  ten yea r s  on the o r d e r  of $11 mill ion to $21 m i l l i c ! ~ ~  

This i s  because it is anticipated ( f rom interviews with potential u s e r s )  

tha t  a s  the p rogram grows the uses  of the data  will  become m o r e  appaln~nt ,  

It has been suggested,  f o r  example, by the U. S. Geological Survey, th;, 

U. S. F e d e r a l  Weter Pollutiotl Control Agency, the U. S. F i s h  2nd Wild- 
8 

l i fe  Service and the Central  and Southern Flor ida  Flood Control  Dis t r i c t  

that  annual, o r  even m o r e  often, uqdating nf ce r t a in  coas ta l  and 'estuarine 

regions would be very  helpful to the scientif ic r e s e a r c h  e f fo r t  in these 

a r e a s .  



The next procedure is to address  the marke t  value of additional 
1' maps provided a t  lower cost. A major for the analysis is  

the consideration of a t  what point the demand function intersects  the 

abscissa ,  the point a t  which u s e r s  would cease  to demand additional 

maps a t  reduced cost,  i. e . ,  a price greater  than zero.  

If the nature of demand were such that an annual replacement would 

have economic value, the function would intersect  the abscissa  a t  "D, l f  

representative of 250, 000 square miles .  Point I~CIl represents  biannual 
2 replacement and I1B, once every five years. The a r e a s  contained by 

the triangles AF2: . AFC, and AFB represent  the benefits of additional 
3 

maps corresponding to the above orders  of replacement. The a r e a  

under the triangle AFD is calculated by 112 A F  X AD = - $180 X 235, 500 = 
2 $21,195, 000. The a r eas  under the triangles AFC a.nd AFB a r e  calculated 

by 112 A F  X AC, and 1/2 A F  X A B  and they equal $10,125,000 and 

$3, 375, 000, respectively. 

EROS technology cannot, however, provide alone the marke t  values 

depicted under the rectangle and the various triangles. This is ,for the 

1 It is  assumed that topographic maps a r e  a norrrlal economic good; a t  
a lower price,  more  will be demanded. 
2 

The reader  is  refer red  to the GLM study for a more  detailed descript  on 
of the methodology. .. 
3 

A n  alternative way of presenting the demand function for these maps i s  
to assume that i t  is  nonlinear and concave to the oar'igin. Its terminal  
points wou1.d be I?, the square rules  currently replaced, and D ,  annual 
replacement of a l l  a r ea s  of interest .  We do not, however, have enough 
cbservations 'to approximate the shape of the curve since a t  l eas t  three 
a r e  required. 



following reasons:  

(1) The m a r k e t  values in each example r e p r e s e n t  complete 
replacement  of what i s  cur rent ly  being done plus the 
values derived f r o m  tihe additional cove rage.  

(2) Given cur ren t  capabil i t ies,  EROS cannot se rve  as a 
full replacement of existing technology, F o r  sma l l  
and medium sca le  maps ,  s c a l e s  f r o m  1:5,000, 000 
to  1:250, 000, EROS should a t  c u r r e n t  capabilities 
b e  a prefer red  substitute fo r  the conventi.ona1 rrlethods 
of updating. This is  because images taken f r o m  the 
proposed 500 nautical mile  orb i t  would be virtually 
distort ion f r e e ,  eliminating the need f o r  the ortho- 
graphic rectification process  now required.  

(3)  The use of photographs fo r  base and field maps  
would requi re  resolutions of 20 fee t  o r  l c s s .  Until 
such resolutions a r e  achievable by EROS satel l i te  
photograpl~s,  they will not be complete substi tutes 
fo r  a e r i a l  photos, but w ill cornplewient them for  
mapping purposes.  This i s  par t icular ly  t r u e  f o r  the 
i n - ~ p o ~ t a n t  1:24, 000 sca le  s e r i e s .  2 

(4) A s s ~ r n i n g  improvements in resolution capabilities 
over the next 10 y e a r s ,  EROS will operate  during 
the f i r s t  years  w i t h  reso1ution.s bctwcen 100 and 2 0 0  
feet;  a f te r  five y e a r s  between 20 and 100 feet;  and 
a f t e r  the f i r s t  ten y e a r s ,  a t  a resolution approxii-nating 
20 feet .  3 

(5) Current ly ,  maps  of sca les  1:250, 000 and s m a l l e r  
account for  18 to 15 percent of the en t i r e  map pr0gra-n. 

1 Assunling that  a e r i a l  photographs have s c a l e s  of 1-20,000 to  1-60,000. 
See: Bill  hf1,llins. F a c t o r s  and Procedures  Influencing the Reliabilitv -- I -  

of Agricultii. ral  Data f r o m  Ear th  Orbiting Sensor  S~ stkrns. Dal las ,  Texas. 
Systems ~ K z h n o l o ~ ~  Applied Research  Corporation prepared for  U. S. 
Department  of ~ ~ r i c u l t u r e .  Economic ~ e s e a r c h  Service. June 27, 1967. 
2 
Actually, resolutions of 20 feet  o r  l e s s  a r e  n s t  something beyond the 

"state of the art." Higher resolutions a r e  achieved today f r o m  satel l i te  
altitudes s i m i l a r  to EROS. Although a different  and m o r e  costly tech-  
nique i s  involved in these applications, we  believe that EROS tlechnvlogy 
will p rogress  tr strnilar  levels over  the next 10 yea r s .  
2 
J 

Indeed, it  i s  m o s t  likely that eventually the c a m e r a s  will  have the 
ability to shoot at var iable  sca les .  In other  words ,  in s o m e  a r e a s  
perhaps.l:250, 000 will be needed, for o the r s  rnaxin~u~rn detai l  wouldd be 
required.  ?'he ability to adjust  for  these requirements  would economize 
on data handling operations.  



F r o m  ear ly  resul ts  with pictures taken on NASA's 
Apollo missions it i s  certain that the p1.animctri.c 
features  that the satell i te pictures will deliver a r e  
sufficient to update topograpl~ic map se r i e s  of 
1:250, 000 and smal ler .  This is  because at these 
sealeu, the topographic features do not change to a 
significant degree.  For se r i e s  of 1:24, OOQ and 
la rger ,  in which topographic features  a r e  unstable, 
the EROS pictures could not be used for  map updating 
in the same way. EROS information would be used 
to reduce the number of control points currently 
required for this s e r i e s .  S t a r r  and Siebert  estimate 
that a 10 percent efficiency saving would be realized 
by the reduction of the number of data-bits handled. ' 

Based on this,  it  ;s proposed that the actual market  values accruing 
from EROS operations will increase f rom 10% of potential benefits initially 

to 40% af ter  five years  and to 90% af te r  ten years .  

1 
If Poteztial Time -Cost Benefits f rom Use of Orbital-Height Photographic 

Data in Cartographic Programs,  3. - cit.  , p. 11. 



Land-use maps  provided on a f requent  basis  will  be useful to 

county and local  govkrnn~ents  faced with the taslc of providing for  a n  

expected population growth nf about 5 percent  per  y e a r  over  the next 

20 y e a r s .  

The m a r k e t  values that were  es t imated  in the above analysis  a r e  

feasible by EROS or  other high output techniques that have been advanccd 

Using conventional methods,  the a.ssembling required to make photo- 

mosaics  places a t ime constraint  upon the r a t e  of m a p  replacement.  

According to  S t a r r  and Siebert :  Present -day  techniques general ly  

r e s t r i c t  map  maintenance intervals  to 5 to  10 y e a r s  fo r  urban a r e a s  and 

10 to 15 y e a r s  fo r  farming a r e a s .  The use  of orb i ta l  photographic da ta  

would allow m a p  maintenance intervals of 1 to  2 y e a r s  for  urban a r e a s  

and 2 to 3 y e a r s  for fa r r r~ ing  a r e a s ,  thereby permitting continuing 

axnrr~xal. dol la r  benefits, and, m o r e  importantly, providing a basis for  
1. 

keeping pace with the nation's  rapidly expanding economy. f 1  

In o r d e r  to make an  a s s e s s m e n t  of the economic benefits of the EROS 

progtajn, an eflic iency est i~rlal t :  - - cost seiiuc tion o v e r  conventiona.l. 

me'ih.ods - -  i s  required,  This h2.a been est imated by Stari- and Sieber t  to 

be 35 percent  for  maps in the 1:250, 00'5 s e r i e s  with s orne s m a l l e r  sspill- 
- 2 

overs  to the higher s e r i e s .  This a s sumes ,  therefore ,  an overal l  c ~ s t  
5 reduction efficiency savings of 40 percent.  In o rde r  to der ive  a table 

1 
Potential Time-Cost  Benefits f r o m  Use of Orbital-Height Photographic 

Data in Cartographic P r o g r a m s .  op. cit .  , p. 12. 
3 - 
L. 

Ibid.,  p. 12. 
3-- 

In support  of th i s ,  i t  has  been advanced' that  EROS would save  200 of the 
current ly  required 500 mall hours ,  i. e . ,  4079, to update one map  of the 
1:250, 000 s e r i e s .  



of - net potential EROS benefits, i. e. the economic benefits attributable 

to EROS, 6 0  percent of the potential marlcet values must  be allocated 

to the other processes required for map updating. 

The total annual and average annual discounted economic benefit 

s t r e a m  can now be calculated f rom the figures of Table 1 and the above 

hypotheses. The 1:ollowing Tables 2 and 3 show the present  worth of al l  

future expected economic benefits attributable to EROS in southern 

Florida under the additional, very 'onservstive assumption that the 

benefit increases will not accrue gradually, but rather a t  the end of 

each of the considered improvement periods (6 years  and 10 years) .  

Argwnents for  a gradual improvement f rom 10 percent to 90 percent 

during these 10 years  can be made, Technological change i s  likely to 

take place continuously, not a t  the end of each period a s  assumed. 

There will be, however, other factors  counteracting a realization of 

the full benefits: the usefulness of satell i te data for  identification and 

mapping purposes will largely depend on the extent to which this infor- 

rx'laLlo:l I s  disseminated and utilized. The value of these rr .aps and 

photographs would be greatly increased if the software par t  of EROS, 

i. e . ,  da,ta processing for different; user oriented purposes, and the 

distribution systems,  is  s e t  up in an effective way. Finally, the 

capabilities of pote:ntial u s e r s  to interpret  and use the provided data 

has to be considered and strengthened if necessary.  This concurrent 

development of EROS related services cannot be s t ressed enough. 

Considerable investment will have to be made in these user  oriented 

services.  

Table 2 represents  an adjustment of Table 1, which takes this 
(I 

into account. 



Table 2 : Estim;ated Annual Economic Bencf its Attributable 
to  EROS in southern Flor ida  (mi.llions of 1963 do l l a r s )  

Cur ren t  After  After 
Replace-ment Rate Resolutions 5 Years  10 Years  

Every  five yea r s  I 2 . 2  (3 ,  2 0.8  1 . 9  

Annually 1 9 .4  0 .9  3 .7  8 .4  

Table 3: P r e s e n t  Value of Benefits of EROS in Southern 
Flor ida  App1icztj.011~ (millions of 1963 do l l a r s )  

Replacement Rate Discount Ra tes  
5% 7 .5% 10 yo 12.5% 15% 

Every  five yea r s  1 $ 27.4  $ 15.3 $ 9. \7 $ 7 . 0  $ 5.2 

Biannually 1 64.8 37.. 4 24.6 17.6 13. 0 

Annually 

F r o m  Table 3 it  may be seen that for  mapping and identification 

purposes the toLtal present  value of Iuture benefits of EROS applicatiol is 

in southern Flor ida  va ry  considerably depending upon the a s sumed  

intensity of coverage and the ra te  of cliscount applied. Most of the 

variat ion in the benefit levels can be explained by di.fferences in 

coverage --, changes in assumed discount r a t e s  expla~ined only half 

a s  raUch variat ion.  



F o r  a rational economic evaluation of EHBS, i t  i~ necessary  to 

compare the total present value of benefits a s  shown in Table 2 

with the expected present value of sys tem costs a s  estimated by 

NASA and commercial  contractors .  If we were only to judge the 

program on the basis of the undiscounted benetits presented in Table 1, 

foregone economic alternatives - -  opportunities which a r e  lost due to 

waiting - -  would not be included in the investment decision. Not to 

include these opportunity costs  (the cost of time), would resul t  in an 

overinvestment o,f resources  in the EROS program, 

F o r  the reasons given, it is  believed that in the future various 

data u se r s  will call for annual coverage. F i r s t ,  however, the sys tem 

must  demonstrate its capabilities. 

It is  emphasized that the econo1mi.c benefits described above only 

include possible cost savings over conventional technology vis-a-vis t  
replacement and additions to what i s  being done. This does not 

includc b c n c f i t ~  derivcd f ram r,zl,v dcviccs and techniques that x a y  

a r i s e  f rom the program, 



GLOSSARY 

a c t i v i t y  category - A categorization of user a c t i v i t i e s  in to  one of six 
funetional/disciplinary categories, A s  adopted from Ref' 2 , I  these a re  : 
agricul ture  and forestry,  environmental changes an4 cu l tu ra l  resources, 
geodesy and cartography, geology and mineral resources, ocea4nogyaphy 
and marine resources, hydrology and water management;, 

a c t i v i t y  component - A sub-segment; of user a c t i v i t y  defined t o  encompass 
a par t icu lar  program or  re la ted  group of ~ p e r a ~ t i o n s ,  

a c t i v i t y  compone~t number - A 2-digit s e r i a l  number assigned t o  ident i fy  
a par t icular  a c t i v i t y  component, 

a c t i v i t y  i d e n t i f i e r  select  - A choice by the  model user of whether 
a,ct ivity categories o r  i n d i ~ i d u a ~ l  a,ctiv.ities a re  t o  be used t o  designate 
the  user needs of in terest .  

angular resolution - The angle, as  mealsured a t  the  sensor which subtends 
t h e  l e a s t  dimension of a, point feature,  

HJDF"Y - budget f i s c a l  year (upcoming budget year) - 
BY - budget yea,r - 
C ~ N  - t o  completion (see a81so costs-outer) - 
compr f a c t r  - see down-link data  compression fac tor  

costs-budget FY - The costs of development of an element i n  the  upcoming 
f i sca , l  year. 

costs-current FY - The costs of development of an element i n  the  current 
f i s c a l  year. 

costs-outer FY - The costs of development, of an element i n  the  years 
beyond the budget FY t o  completion, 

costs-prior FY - The costs of development t o  date exclusive of the  
current FJT. 



CY - current year - 
cycle pe - see o r b i t  c:ycle period. 

8 

da i ly  transmits selec'b - A choice 'by the model user, of the number of 
da i ly  transmits t o  oc&, on the average, f o r  each down-link. 

development s t a tus  - - A categorization of t'ne stake of' development of a 
project ,  The levels  are:  proposa,l, feaos ib i l i ty  study, prelimina,qy 
development, advanced development, Operat ions1 system, post -operat lonal  
system, 

down-#link data bandwidth - the  down-link bandwi8th expressed i n  terms 
of the sensor da,ta bandwidth t o  be passed and processed t o  ground s tor-  
age. It i s  diritinct from the  bandwidths a,ssociated wi th  modulation 
techniques used t o  accomplish transmission. Where on-board. DAZA com- 
pression i s  used t o  effect ively reduce the sensor data bandwidth, the  
bandwidth i s  t h a t  a f t e r  compression, 

down-link date, compreasion factor  - the  amount, expressed as a value 
between 0 and 1, by which the  down-link can effect ively reduce the  sensor 
data bandwidth using data compression, A value of 1 i s  assigned i f  no 
data compression i s  present, an8 an 8,ppropriate value l e s s  than 1 i s  
assigned i f  data, compression i s  present,  

down-link data storage capacity - The ma,ximwn recording time available 
f o r  on-board storage of the  sensor data, i i . , :  operated a t  a, recording speed 
compatible with the  sensor data bandwith, 

down-link element - A data, channel a,ssociated with each serisor consisting 
of on-boa,rd processing, data transmilt;al, and ground processing. 

down-link performaace increment - An alpha,-numeric cote used t o  dist inguish 
among the several  levels of performance which may be achieved by a particu- 
l a , r  down-link type depending upon t h e  par t icular  development program 
selected for  i t s  implementa~tion, 

down-link performance increment - A choice by the  model user of the  
performance l e v e l ' t o  be associated with each choice of down-link. 

down-link type - An a,lpha-numeric code used t o  chara,cterize the down-link 
by i t s  batsic mode of operation (e.g., SFO1-store and forewaxd, type 11 
PSFO1-preprocess , s tore  and forward, type 1) .  

down-link type count - A sequential count of the  number of down-links 
of the same type (and same performance increment) i n  a, system. - 

down-link type se lec t  - A choice by the  model user, of the down-link(s) 
t o  be associated with each choice of sensor type. 

e a r l i e s t  FY - the  e a r l l e s t  f i s c a l  yea,r i n  which the  system could be 
flown a s  determined by the  a8vaila8bility of the  pacing developments. 



ear th  coveraE - A categorization of the  earths surface in to  a.reas f o r  
remote sensing purposes. Major surface areas nre ident i f ied and then 
pub-divided in to  regions of in t e res t  !see ear th  roverage t ab le  i n  
Appendix 2. 

f i e l d  incl inat ion - The angle off  the  v e r t i c e J b y  which the  sensor 
s ight  l i n e  i s  displaced t o  achieve a side-looking field-of-view. 

field-of-view (along-track1 - The angle as measured a t  the  sensor which - 
subtends the  ecene being vieved i n  the  along-track direction. 

field-of-view (cross-track) - The angle a s  measured at; the  sensor which 
subtends the scene 5eing viewed i n  the  cross-track direction. 

frequerlcy of coverage - The time period between repeated aensing of a 
given ares., t o  meet the  information nmds of a given application. 

ft - f e e t  - 
FY a,va,ilable - The f i s c a l  yeaz i n  which a development i s  available f o r  
incorpora.tion i n  a f l i g h t  system. 

GR1 - ground resolution i n  a1titud.e range 1 - 
GRND RES - see ground resolution 

ground resolution - The m i n i m u m  s ize  of a point fea,ture on the  ground 
which can be detected by a sensor a , t  a, given a,ltitude. 

ground swath width - The cross-track distance on the  ground, within 
the  sensor field-of-view a t  a given a l t i tude .  

grouna swath width select  - A choice by the model user of a value of 
ground swath width t o  be used by the model t o  es tabl ish a s e t  of - 
hpecific a l t i t u d e s  which provide f u l l  ear th  coverage. 

GRND SWT - see ground swath width 

GS1 - ground swa,th width i n  a l t i t u d e  range 1 - 
illumination - see type illumination 
I. 

I M G O l  - Imager, type 01 - i n  t h i s  document taken t o  designate a multi- - 
spec t ra l  scanner. 

information fac tor  - - A par t icu lar  parameter which singly, o r  i n  combina- 
t i o n  with other factors defines the variable aspects of a s  informa,tion 
need (e.g., water depth a s  a paxameter of surface water dis t r ibut ion) .  

information fac to r  number - A 2-digit s e r i a l  number assigned t o  ident i fy  
a pazticular information factor  with respect t o  i t s  associated information 
need. 



information need - A pa,rticular se t  of information which i s  relaked t o  
decision-making within an a ,c t ivi ty  component (e  . g. , a knowledge of sur- 

information need nwnber - A 2-digit  s e r i a l  number assigned t o  ident l fy  
-w, - 
a par t icu lar  information need with respect t o  i t s  associated a c t i v i t y  
component . 
l i n k  data BW - ' s e e  down-link data bandwidth 

l i n k  data s t o r  capy - see down-link data, storage capacity 

MDLOl - User model f o r  agency OX. Each user agency i s  a,seumed t o  have - 
a l l  i t s  a,nalYt;ical modeling needs implemented i n  a single modeling 
ef for t :  

minimum d r i f t  - see o rb i t  type 

NM - nal.ltical miles - 
no, of bands - see number spec t ra l  bands 

no. of trnsmts - see dai ly  transmits 

numberalspecral bands - For a single sensor, t he  number of nets of imagery 
which depict a comvon field-of-view a,s sensed over d i f fe rent  spec t ra l  
ranges. 

observable - A term or  phrase descriptive of t h e  2henomena t o  be sensed, 
t o  sa,tisfy the information nesds of a, particula,r application compcnent . 
observable message - A eingle l i n e  of t e x t  (50A MAX) which describes some 
a,spect of the observable essent ia l  t o  i t 8  implementation, which i s  not 
accounted fo r  by model operation (e.g., the ac tue l  value of eun-angle 
illumination, 

observable number - A 2-digit s e r i a l  number assigned sequentially t o  
each observable which mulsllt be aensed t o  meet the  informa,tion nesds 
of an a c t i v i t y  compcnent. 

observable s ta tus  - A ca,tegorization of the l e v e l  of experience with a 
given observa,ble. The levels  a re  : proposed, experimental and e ~ t a ~ b l l s h e d .  

o r b i t  a l t i t u d e  - The height of the  o rb i t ,  taken as  c i rcular ,  i n  nautical  
miles. 

,prbit  a l t i t ude  se lec t  - A choice bg the  model user, of a, pa,rticular o rb i t  
a l t i t u d e  a,s selected from ava,ilable o r b i t  da,ta, (~ppendix I, Table 1-1) 
o r  otherwise determined. 

o rb i t  cycle pelciod - The number of days required t o  complete one pat tern 
of coverage of the earth,  i .e , ,  t o  re turn t o  a par t icular  point over the 
earth. 



o r b i t  cycle period se lec t  - A choice by .tihe model user, of a par t icu las  
cycle period a s  selected from ava,ilable orb i t  data ( ~ ~ p e n d i x  I, Table 
1-1) or  otherwise determined. 

t 

o r b i t  cycle revolutions - The number of revolu~.j.ons required t o  generate 
one pat tern of coverage of the  earth. 

o r b i t  inclina*l;ian - The angle the o r b i t a l  pla,ne ma,kes with t h e  equi tor ia l  
plane, 

o r b i t  incl inat ion se lec t  - A choice by the model user of the value of 
o r b i t  incl inat ion of in te res t .  

o rb i t  revolutions se lec t  - A choice by the model user, of a par t icular  
number &of o rb i t  revolutions per o rb i t  cycle a,s determined from available 
o r b i t  data (~ppendix I,  able -I-J.) or  otherwise determined; 

o r b i t  type - The configuration of the  o rb i t  with respect t o  t h e  manner 
i n  which i t  generates coverage over the earth. Two basic o rb i t  types 
a r e  defined, minimum d r i f t  and zero d r i f t .  The minimum drift; o rb i t  i s  
configured with nu a,ppa,rent eas te r ly  o r  westerly movement, such tha t"  
each da$"s pat tern of coverage i s  a,dja,cent t o  t h a t  of the  previous day 
u n t i l  f u l l  ea,rth coverage i s  complete. The zero d r i f t  o rb i t  i s  configu~ed 
t o  repeat i t s  coverage pa,ttern on a dai ly  basis  and i n  general provides 
coverage i n  bands over the ear th  surface. 

o r b i t  type se lec t  - A choice by the model user, of the  type of o rb i t s  
of in t e res t  (see Appendix H, Table H-8). 

performance - Two types of performance are  defined as ident i f ied from 
the  context of usa,ge, system performance and program performance, system 
performance describes system capabil i ty with respect t o  par t icu lar  techni- 
c a l  cha,racterist ics (e,g., resolution). Program performance describes, 
fo r  a pa,rticular system and pa,rticular se t  of users, the  a b i l i t y  of the  
system t o  sahisfy the information needs of the users (e.g., the  percent 
of' needs sa,%isfied), 

YOTR~Y'  - The average power consumed by the element a,s operated i n  a f l i g h t  
system, 

PRGOl - User program f o r  user agency 01. Each user agency i s  assumed 
t o  have a l l  i t s  remote sensing computer processing needs implemented i n  
a s ingle  programming e f fo r t ,  

progra,m perfsmna~ca - A quantitative measure of the  extent t o  which a 
pa,rticular system development program s a t i s f i e s  the  information needs 
of a part iculax s e t  of applications. 

IZDMOl - Radiometer, TYPE01 - i n  t h i s  document taken t o  designate a - 
multi-spectral scanner type of sensor. 

RWS/CYC - see o rb i t  cycle revolutions 
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run nunber 
t h e  model, 

- A 2-digit s e r i a l  number assigned t o  ident i fy  each run of 
f o r  use par t icu lar ly  when & number of runs atre made during 

a single epercise period. 

sensed ea r th  fk-act ion - The f rac t ion  of the  eazth surface (whole ea.rth = 
1.0) which must be sensed t o  meet the  information needs of a particula,r 
s e t  of users. 

sensor data bandwidth - The bandwidth necessary t o  pass the  sensor output. 

sensor element - .A transducer which converts a scene in to  an image& 
data stream. 

sensor performance increment - An alpha-numeric code used t o  dist inguish 
among the  several  leve ls  of performance 'which may be achieved by a par- 
t i c u l a r  sensor type, depending upon the par t icu lar  development program 
selected fo r  i t s  implementation. 

sensor performance increment se lec t  - A choice by the  model user of the  
performance leve l  t o  be associa,ted with each choice of sensor type. 

sbnsor type - An alpha-nur.eric code used t o  cha,xBacterize ithe sensor by 
i t s  basic mode of operation (e. g., ROMO1-radiometer, type ~ / I M G O ~ -  
imager, type 1) .  

sensor type se lec t  - A choice by the model user, of the  sensor type(s)  
of in7;erest. 

s ine  ( incl inat ion)-  The decimal value of the  s ine function f o r  the  chosen 
angle of o rb i t  inclination.  

spec t ra l  l i m i t  (lower) - The low end of the  sensor frequency response. 

spec t ra l  l i m i t  (upper) - The high end of the  sensor frequency response. 

spec t ra l  range - The difference between the upper and lower spec t ra l  
l imi t s  of' a sensor. ' 

- The unifa i n  which the sensor f'requancy responsre i s  
microns, ki lohertz,  angstroms). 

swept ea r th  f rac t ion  - The fract ion of the  ear th  surface (whole ear th  = 
1.0) which i s  included i n  the pahtern of coverage for  a par t icu lar  o r b i t  
configuration and par t icu lar  swath width. It rea,sures the extent of 
t h e  ear th  surface which could bd sensed if the sensor operates continu- 
ous lye 

SWPT FRC - see swept ear th  f ract ion 

system element category - code number assigned t o  dist inguish among 
t h e  four types of elements which consti tute the  ear th  observations 
information system ( i .  e., sensor element-1, down-link element-2, user 
program-3, user model-4). 



system element message t e x t  - A s ingle  l i n e  of t e x t  which describes some 
aspect of element operation, e s sen t i a l  t o  r ea l i z ing  i t s  performance, 
which i s  not accounted for  by tthe model operation (@.go, thermal sensi- 
t i v i t y ) .  

system element performance increment - An alpha-numeric code used t o  
dis t inguish b o n g  the  several  levels  of p e r f o m n c e  which may be achieved 
by a parti .cular element type depending upon the  pa r t i cu la r  development 
p r o g r a m ~ l e c t e d  for  i t s  implementation. 

system element s t a t u s  - A, categorizat ion of t he  l e v e l  of development of 
the  element. For model purposes these leve ls  a,re : proposal, fea,sibiXitg 
study, prelimifiary development, advanced devdlopment, operat ional  system, 
post-operational. 

b 

system element type - An alpha,-numeric code used t o  characterize t h e  
element by i t s  basic  mode of operation. 

system performance - A quant i ta t ive  measure of se lected technical  va,luss 
associated with system operation. 

time horizon - The time period i n t o  the  future  over which the  user has 
an i n t e r e s t  In  the  a,pplica,tion he ha,s defined. For model purposes, 
2-yea,r, k-year, and 8-year periods axe taken a s  sta,nda,rd. 

time horizon se l ec t  - A choice by the  model user, of a code designating 
the  time period of i n t e r e s t  (see Appendix H, Table H-4). 

type field-of-view - A categorizat ion of sensor field-of-view i n t o  one 
of four categories (e. g., c i r cu la r ,  rectangular,  scanning, inclinded) 
for  purposes of se lect ion of t he  manner of ground coverage calculation. 

t y y e  i l lumination - A categoriza,tion of sun illumination f o r  remote 
sensing i n t o  sun-synchronoun and non-sun-synchronous. 

UN TS - Units, t he  un i t s  i n  which the  parameter i s  measured 

user a c t i v i t y  - An appreciable segment (resourcewise) of an overa l l  
agency mission of ju r i sd ic t ion  (e.g., water resources management f o r  
a region of u.3.). 

user  agency - The organizational  a f f i l i a t i o n  of t h e  user. 

user agency number - A 2-digit  s e r i a l  number assigned t o  i d e n t i e  a - 
par t i cu la r  agency. 

user  model element - An ana ly t ica l  s t ructure  'khiclrr relakes user infor-  
mation needs t o  user decision-making. J 

user observable number - A 12-digit  s e r i a l  number used t o  completely 
characterize a f ac to r  o b s e m b l e  with respect t o  t h e  a c t i v i t y  component, 
a s  follows: 



Digit  
Position Number Corresponding To 

time horizon 
a c t i v i t y  category 
user agency number 
a c t i v i t y  component 
information need 
informattion fac tor  
fac tor  observable 

weight - !l?he weight of the  element as ready f o r  ins t a l l a t ion .  

zero d r i f t  - see o r b i t  type 
t 
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