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CONDENSED SUMMARY REPORT 

1. INTRODUCTION 

This r e p o r t  i s  a condensed summary of work repor ted  
i n  d e t a i l  by Volumes I through V of "Orbi ta l  Imagery f o r  
P lane tary  Explorat ion."  The purpose of  the s tudy was t o  e s t i -  
mate the  requirements imposed upon spacec ra f t  subsystems by 
the  use of imaging sensor  systems on unmanned p lane ta ry  o r b i t i n g  
spacec ra f t .  This s tudy  p lays  a key r o l e  i n  the i d e n t i f i c a t i o n  
of advanced technology development needs. By comparing the 
est imated support  requirements provided by t h i s  s tudy t o  the  
p ro jec t ed  c a p a b i l i t i e s  of spacec ra f t  subsystems, some of the 
needs f o r  advanced technology development of subsystems may be 
determined, Since t h i s  s tudy d e a l s  only wi th  imaging exper i -  
ments which might be performed on unmanned p lane ta ry  o r b i t a l  
missions a comprehensive de terminat ion of advanced technology 
requirements must await completion of a d d i t i o n a l  s t u d i e s  dea l -  
ing with a l t e r n a t i v e  mission modes. Nonetheless,  s ince  o r b i t a l  
imagery i s  expected t o  p l ay  an important p a r t  i n  p l ane ta ry  
exp lo ra t ioc ,  t h i s  s tudy  r ep resen t s  an e s s e n t i a l  con t r ibu t ion  t o  
the i n t e l l i g e n t  planning of advanced technology development, 

The s tudy focuses upon o r b i t a l  imaging experiments 
because such experiments are expected t o  impose severe r equ i r e -  
ments upon spacec ra f t  subsystems i n  f u t u r e  unmanned p lane ta ry  
explora t ion .  The term imaging, as used i n  t h i s  s tudy,  means 
the c o l l e c t i o n  of two-dimensional information from a p l ane ta ry  
scene i n  an e s s e n t i a l l y  simultaneous manner, e i t h e r  by d i r e c t  
two-dimensional recording o r  by r a p i d  scanning. The p l a n e t a r y  
t a r g e t s  considered by the s tudy are Mercury, Venus, the Moon, 
Mars, and J u p i t e r ,  while  the t i m e  frame of i n t e r e s t  covers  
launch oppor tun i t i e s  from 1975-1995. The s tudy subtasks w e r e  
(1) exp lo ra t ion  ob jec t ives  (2) measurement d e f i n i t i o n ,  (3)  
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o r b i t  s e l e c t i o n ,  (4 )  imager s c a l i n g  l a w s ,  and (5) experiment 
support  requirements,  

The exp lo ra t ion  ob , jec t ives  t a s k  provided an e x p l i c i t  
s ta tement  of those ob jec t ives  of unmanned p lane ta ry  o r b i t a l  
exp lo ra t ion  which might be accomplished by remote sensing 
experiments e By consider ing the  s c i e n t i f i c  goa ls  of space 
exp lo ra t ion ,  the c u r r e n t  knowledge of p l ane ta ry  phenomena, and 
conceptual measurement techniques,  a d d i t i o n a l  a n a l y s i s  i d e n t i -  
f i e d  those measureable p l ane ta ry  phenomena which can be i n v e s t i -  
gated u s e f u l l y  by imagery from o r b i t a l  a l t i t u d e s  e 

explora t ion  ob jec t ives  i n t o  measurement s p e c i f i c a t i o n s  from the  
viewpoint of  the  s c i e n t i s t  who must i n t e r p r e t  the data., A s e t  
of nominal va lues  (pe r t a in ing  t o  ground r e s o l u t i o n ,  imaged a r e a ,  
s o l a r  i l l umina t ion  c o n s t r a i n t s ,  e t c . )  w a s  def ined  f o r  each 
measurement, toge ther  wi th  a range of va lues  over which the 
measurement w a s  deemed use fu l  t o  the  s c i e n t i s t .  The measurement 
s p e c i f i c a t i o n s  were used i n  the  o r b i t  s e l e c t i o n  procedure and 
i n  the f i n a l  es t imat ion  of experiment support  requirements e 

f o r  the requi red  experiments e Experiments w i th  s i m i l a r  
ope ra t iona l  requirements w e r e  grouped i n t o  families a and o r b i t s  
were s e l e c t e d  f o r  t hese  f ami l i e s .  The r e s u l t a n t  o r b i t a l  para- 
meters were a l s o  used i n  the  es t imat ion  of subsystem support  
requirements f o r  each of  the experiments 

r e l a t i o n s h i p s  between the  imager c h a r a c t e r i s t i c s  and i t s  a b i l i t y  
t o  m e e t  t he  r equ i r ed  measurement s p e c i f i c a t i o n s  from a s p e c i f i c  
o r b i t .  For each imager type, a c o l l e c t i o n  of s ca l ing  l a w s  which 
re la te  the  experiment support  requirements t o  the measurement 
s p e c i f i c a t i o n s ,  t o  t he  sensor system c h a r a c t e r i s t i c s ,  and to  
the  o r b i t  v a r i a b l e s  w e r e  der ived ,  

The measurement d e f i n i t i o n  t a s k  i n t e r p r e t e d  the  

The o r b i t  s e l e c t i o n  t a sk  def ined  ope ra t iona l  o r b i t s  

The imager sca l ing  l a w s  def ined the  q u a n t i t a t i v e  

The experiment support  requirements t a s k  combined the 
r e s u l t s  of previous t a sks .  Both measurement s p e c i f i c a t i o n s  and 
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o r b i t  parameters w e r e  used wi th  t h e  s c a l i n g  l a w s  t o  es t imate  
t y p i c a l  support  requirements demanded by each imaging experiment, 

the t a s k  areas, the  method of a n a l y s i s  and the r e s u l t s  of the 
a n a l y s i s .  
Volume I-Technical  Summary, The exp lo ra t ion  ob jec t ives  t a s k  i s  
documented i n  Volume I%-Def in i t i ons  of S c i e n t i f i c  Object ives  
which desc r ibes  i n  some d e t a i l  those p l ane ta ry  phenomena f o r  
which remote sensing appears u s e f u l ,  The r e s u l t s  of the  o r b i t  
s e l e c t i o n  t a s k  are tabula ted  i n  Volume I I I - O r b i t  Se l ec t ion  and 
Def in i t i on .  Volume IV-Imaging Sensor System Scal ing Laws 
provides a d e t a i l e d  d e r i v a t i o n  of s c a l i n g  l a w s  f o r  u l t r a v i o l e t  
l i n e  scanners ,  t e l e v i s i o n  camera systems, photographic f i l m  
camera systems, i n f r a r e d  l i n e  scanners ,  pass ive  microwave 
imagers, and s%de-looking r ada r  systems, A c l a s s i f i e d  appendix 

c o n f i d e n t i a l )  t o  Volume IV presen t s  s ca l ing  l a w s  f o r  i n f r a r e d  
t e l e v i s i o n  camera systerrs, Volume V-Support Requirements f o r  
P lane tary  O r b i t a l  Imaging p resen t s  an ex tens ive  t abu la t ion  of 
t y p i c a l  experiment support  requirements f o r  o r b i t a l  imaging 
experiments a Mars, Venus, Mercury, and J u p i t e r ,  

This  condensed summary r e p o r t  d i scusses ,  i n  each of 

A more d e t a i l e d  summary r e p o r t  i s  provided by 

2, EXPLORATION OBJECTIVES 

Both s c i e n t i f i c  and engineer ing ob jec t ives  of p'lanet- 
a r y  exp lo ra t ion  w e r e  i d e n t i f i e d  by a systematic  a n a l y s i s  of the  
goa ls  of space exp lo ra t ion ,  The s c i e n t i f i c  goa l  d e a l s  w i th  
understanding the o r i g i n  and evolu t ion  of the s o l a r  system, 
while  t he  engineer ing goa l  w a s  def ined as achieving the  sc ien-  
t i f i c  goa l  i n  an e f f i c i e n t  manner. These goa l s  were expanded 
i n  s t e p s  of increas ing  d e t a i l  r e s u l t i n g  i n  the i d e n t i f i c a t i o n  
of subgoals exp lo ra t ion  o b j e c t i v e s  , and observable p l ane ta ry  
p r o p e r t i e s  o r  "observables o ' l  The a n a l y s i s  of the s c i e n t i f i c  
goa l ,  down through %he exp lo ra t ion  ob jec t ives  level, i s  por- 
trayed i n  Figure 1, Down t o  t h i s  level of d e t a i l ,  i t  w a s  n o t  
necessary t o  take account of d e t a i l e d  d i f f e r e n c e s  between the  

I I T  R E S E A R C H  I N S T I T U T E  
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FIGURE 1 .  ANALYSIS OF SCIENTIFIC GOAL. 

4 



i 

p l a n e t s ,  t he  l o c a t i o n  of the experimental  platform,  o r  t h e  
c l a s s  of measurement ( i e e a ,  d i r e c t  o r  remote sens ing) .  Once 
the observables w e r e  def ined i n  terms of phys i ca l  phenomena 
and conceptual measurement techniques,  the  p o t e n t i a l  u t i l i t y  
of remote sensing w a s  a s ses sed ,  I f  remote sensing w a s  deemed 
u s e f u l ,  t h e  observable w a s  analyzed i n  g r e a t e r  d e t a i l  t o  
determine whether o r  not, imagery obtained from an o r b i t i n g  
spacec ra f t  might c o n t r i b u t e  m a t e r i a l l y  t o  achievement of the 
exp lo ra t ion  o b j e c t i v e ,  This judgement w a s  based on the  
c h a r a c t e r i s t i c s  of t he  observable (p lane tary  d i s t r i b u t i o n ,  
c h a r a c t e r i s t i c  s i z e ,  temporal v a r i a t i o n ,  e t c . )  a t  each of t he  
t a r g e t  p l a n e t s  without  regard t o  instrument a v a i l a b i l i t y  o r  
c u r r e n t  technologica l  c a p a b i l i t y .  The observables  def ined  i n  
support  of engineer ing exp lo ra t ion  ob jec t ives  w e r e  n o t  
analyzed i n  s u f f i c i e n t  d e t a i l  t o  d e f i n e  measurement s p e c i f i c a -  
t i o n s ,  b u t  were c o r r e l a t e d  wi th  t h e  s c i e n t i f i c  observables ,  

Analysis  of “Le s c i e n t i f i c  g o a l ,  as shown i n  Figure 
1, l ed  t o  the  d e f i n i t i o n  of n e a r l y  t h i r t y  explora t ion  ob jec t ives  
dea l ing  wi th  understanding a p l ane ta ry  body (composition , 
s t r u c t u r e ,  and a c t i v e  p rocesses ) ,  the  surrounding atmosphere 
(composition, s t r u c t u r e ,  and a c t i v e  p rocesses ) ,  f i e l d s ,  and 
both a c t i v e  and e x t i n c t  biology. 
observables w e r e  def ined  i n  support  of these  exp lo ra t ion  
ob jec t ives ,  but  remote sensing w a s  judged u s e f u l  f o r  only about 
h a l f  o f  t h e s e  wi th  emphasis upon those ob jec t ives  dea l ing  wi th  
p l ane ta ry  composition, p l ane ta ry  s t r u c t u r e ,  atmospheric s t r u c -  
t u r e ,  and a c t i v e  atmospheric processes .  O r b i t a l  imagery i s  
expected t o  be u s e f u l  i n  the s tudy  of more than h a l f  of the 
observables f o r  which remote sensing i s  appropr i a t e ,  I n  p a r t i -  
c u l a r ,  o r b i t a l  imagery can p l ay  a major r o l e  i n  the  s tudy o f  
p l ane ta ry  s t r u c t u r e  and active atmospheric processes .  
imagery i s  n o t  expected t o  c o n t r i b u t e  m a t e r i a l l y  t o  an under- 
s tanding of e i t h e r  p l ane ta ry  o r  atmospheric composition. The 
complete r e s u l t s  of t he  exp lo ra t ion  ob jec t ives  t a s k  are given 

Nearly one hundred d i f f e r e n t  

O r b i t a l  

I I T  R E S E A R C H  I N S T I T U T E  
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i n  Volume 11-Def in i t ions  of S c i e n t i f i c  Object ives .  

i 

1 
I 

3 .  MEASUREMENT DEFINITION 

From the s tandpoin t  of t he  sensor  system des igner ,  
the  planet-dependent observable d e s c r i p t i o n s  do n o t  adequately 
descr ibe  the  n a t u r e  and q u a l i t y  of t he  des i r ed  imagery. The 
observable d e s c r i p t i o n s  de f ine  what should be measured, b u t  do 
n a t  de f ine  _I_ how the  measurement should be performed i n  terms of 
the ope ra t iona l  condi t ions  and measurement accuracy necessary 
f o r  proper image i n t e r p r e t a t i o n .  Therefore , the  observable 
desc r ip t ions  w e r e  r e c a s t  i n  a form meaningful t o  both the 
s c i e n t i s t  and the  sensor  system engineer ,  The r e s u l t i n g  
measurement d e f i n i t i o n s  provided nominal s p e c i f i c a t i o n s  f o r  
o r b i t a l  imaging measurements, and are summarized i n  Table 1. 

the  amount of f l e x i b i l i t y  (or  image degradat ion)  the s c i e n t i s t  
i s  w i l l i n g  t o  accept .  I n  order  t h a t  ove r ly - s t r ingen t  support  
requirements q o t  r e s u l t  from the measurement s p e c i f i c a t i o n s ,  
measurement worth curves were provided. The l e t t e r - d i g i t  
combinations l i s t e d  i n  Table 1 (e.g.  A7)  r e f e r  t o  these  worth 
curves.  The worth curves are included i n  Volume J and i n d i c a t e ,  
f o r  each s p e c i f i c a t i o n ,  how the  nominal value may vary  without  
degrading the  s c i e n t i f i c  va lue  of the experiment. The exper i -  
ment support  requirements es t imated i n  t h i s  s tudy are based 
upon the worth curve d a t a  r a t h e r  than t h e  nominal s p e c i f i c a t i o n s  
given i n  the Table,  I t  must be emphasized t h a t  the  measurement 
d e f i n i t i o n s  do n o t ,  i n  any way, r e f l e c t  t he  c u r r e n t  technologi- 
c a l  c a p a b i l i t i e s  of imaging sensor  systems. The measurements 
def ined he re  i n d i c a t e  the  imaging experiments t he  s c i e n t i s t  
would t r u l y  l i k e  to  perform, r a t h e r  than what he th inks  he 
could perform, 

t i o n  he i ra rchy  involving f i r s t ,  second, and even t h i r d  genera- 
t i o n  missions aimed a t  acqui r ing  d a t a  of increas ing  d e t a i l .  

The nominal s p e c i f i c a t i o n s  themselves do n o t  i n d i c a t e  

The s p e c i f i c a t i o n s  shown i n  Table 1 imply an explora-  

I I T  R E S E A R C H  I N S T I T W T E  
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TABLE 1. SUMMARY OF MEAS~REMENT SPECIFICATIONS 

SUN 
?LEVATION - - SENSOR 

REFERENCE5 

a d f i  
b:d:g:i 
c,e,s,i 
f : ; 

SPECTRAL ReGIOl OVERIAP 

20%. H1 
20% H2 
20% H2 
60% H3 
60% H3 
20%- H1 
20% H2 
20% H2 
60% H3 
6077 H3 

20% H1 
20% H2 
20% H2 
20% H1 
20% H2 
20% Hl 
20% H2 
20% H2 

SUPPORT I3EASUl?ZPENTS C SENSOR TYPE 

a visible 
b 

20" 20" I1 I1 

20" 80" 11 I4 

80" I4 

S/C Altitude Local Time 
SIC Altitude' Local T h  
SIC Altitude: Local Time 
SIC SIC Altitude Altitude 

Vertical resolution for 
all bodies is 1 bn (Jl) 
except Jupiter vhich is 
4 km (52). 

62508 F4 
5750b F3 
6250A F4 
50 cm F18 
50 cm F18 
1 m F21 
50 cm F18 
1 m P21 

C 
d Visible Stereo 
e 
f Radar 
g 
h 
i Radar Stereo 
J 
a Visible 
b 

d Radar 
e 
f Multifreq.Rada 
g 
h 

a Ultraviolet 
b 
c Visible 
d 
e 
f Infrared 

i Infrared 
j 
k Radar 
1 
m 
n Multiband 

P 

a Visible 
b 

d Visible Stereo 

C 

f 

0 

C 

SIC Altitude 
SIC Altitude 
SIC SIC Altitude Altitude 

SIC Altitude 

57508 F1 
57508 F3 
6250A F4 
10 cm F17 
10 cm F17 
50 cm F18 
50 cm F18 
60 cm F18 

5750& F3 
5750 F3 
62501 F4 
1.75~ 1.5~ F6 F7 

120s 1.75~ F12 F7 

1 2 0 ~  F12 
10 cm F17 
10 cm F17 

45" I2 
45" I2 
45" I2 

3 3 bands bands G16 G16 

3 bands G16 

500i G1 
500A 10008 G2 Gl 

lOOOA G2 
lOOOf G2 
O.lr G2 
0 . 1 ~ 1  G2 
0.1~1 G2 
2Ou G9 
2Ou G9 

Contacts Mercury 1 km A6 800 km B6 10 km C6 100% D1 - 
A6 1000 km 10 km C6 100% Dl - 

!:::s 1; k A6 ~2000 km 58" I 10 km 1 :lo% D1 1-  Jupiter 5 km A7 10000 km B10 50 km D3 Global 
3) (Regional) 

20% Hl 
20% H2 
20% Hl 
20% H2 
20% 82 
20% Hl 
20% H2 
20% H2 
20% H1 
20% H2 
20% Hl 
20% H2 
20% H2 
20% H1 
20% H2 
20% H2 

90" I5 
90' 15 

20" 11 

200 I1 
l o o  I1 
>O" 15 
30" 15 

a o o  11 

20" 20" I1 I1 
m 

Moon 100 m A5 100 km B4 1 km C4 100% D1 - 
Mercury 100 m A5 100 km D2 See regional maps 

Mars Venus I l O O m  100 m AIIlOOkm A5 100 km Bj'" l k m  D2 D2 1 See See regional regional maps maps 

4)  (Local) 

5) (Betailed) See local maps 
See local maps 
See local maps 

Venus See local maps 
60 cm F18 
.15-2+1 .15-2p F1,3, F1,3,; 

.5-2.5~1 €4.7 

6 bands Gl9 
6 bands G19 
6 bands G19 

b50 I2 
b5" I2 
b5" 19 

Structure of Mercury 1 km A6 800 km B6 10 lan C6 100% D1 - I 100% Dl 1 -  Features A6 1000 km 100% D1 - 
6) (Regional) 1; E A6 12000 km % I i; E 

Jupiter 10 km A7 20000 km Bll 200 km C10 5% 03 Global 
E; ::::I lOOOA E; G2 

3 bands G4, l i  
3 bands G4,li 
3 bands G4, l i  

EO" I1 
to" I1 
100 I1 
10' I4 
30" I4 
50" I3 
50" I3 
50" 13 

SIC Altitude, Local T i m  
SIC Altitude Local Time 
SIC Altitude: Local Time 
SIC Altitude 
S I C  Altitude 

Vertical resolution same as 
horizontal 

20% H1 
20% H2 
20% H2 
60% H3 
60% H3 
20% Hl 
20% H2 
20% H2 
20% H1 
20% H2 
20% H2 
60% H3 
60% H3 

20% H1 
20% H2 
20% E2 
60% H3 
60% H3 
20% H1 
20% H.2 
20% H2 
60% H3 
60% H3 

20% H1 
20% H2 
20% H2 
20% H1 
20% H2 
20% H2 
20% Hl 
20% H2 
207. H2 

20% H2 
20% H2 

20% H.2 
20% H2 

20%- H1 
20% H2 
20% H2 
60% H3 
60% H3 
20% H1 
20% H2 
20% H2 
6M H3 
60% H3 

57501 F3 
57504 62508 F4 F3 

5750 F3 
62501 F4 
50 cm F18 
50 cm F18 
1 m F21 
50 cm F18 
1 m F21 

e 
f Visible Color 

i Radar 

k 
1 Radar Stereo 
m 

f 
j 

Moon 100 m A5 100 km 84 1 km C4 100% D1 - 
Mercury 100 m A5 100 km 84 1 km C4 10% D2 See regional maps 
Mars 100 m A5 100 km 84 1 km C4 10% D2 See regional maps 
Venus 100 m A5 100 km B4 1 km C4 10% D2 See regional maps 

8) (Detailed) Moon 1 m A3 1 km B2 10 m C2 <1% See local maps 
Mercury 1 m 8 3  1 km B2 10 m C2 el% See local maps 

See local maps Mars 1 m A3 1 km B2 10 m C2 4% 
See local maps Venus 1 m A3 1 km B2 10 m C2 <1% 

7) (Local) SIC Ai;I;;de 
SIC Altitude 
SIC SIC Altitude Altitude 

SIC Altitude 
SIC Altitude 
SIC Altitude 
SIC Altitude 

Mercury 1 km A6 800 km C12 100% D1 - 
Mars 11 km A6 11000 !a 1 ; 2 C121 1007. D1 1 -  

1 lon C12 100% D1 - 9)* (Regional) Venus 1 km A6 2000 km 
Jupiter 10.h A7 20000 km B11 200 km C10 52 D3 Global 

Surface 
ToPograPhJr 

Vertical resoluticn: 
(Regional) - 1 km (J1) for 
all exce t Jupiter at 

~ $2) (f2!0 m (53) 
Detailed) - 10 m 154) 

lOOOi G3 
1000 G3 
1 0 O O i  G3 
lOOO& 63 
lOOOA G3 

5750' F3 
5750t F3 

6250A F4 
50 cm F18 

20" I1 

BO" I4 
80' I4 

20" 200 I1 I1 
Altitude, 
Altitude, 
Altitude, 
Altitude 
Altitude 

Local Time 
Local Local Time Time 

a b Visible 

d Visible Stereo 
C 

lo)* (Local) Moon 100 m A5 100 km B4 100 m C3 100% D1 - 
Mercury 100 m A5 100 km 10% D2 See regional maps 
Mars 100 m A5 100 km 10% D2 See regional maps 
Venus 1100 m A5 /lo0 km 1 I!! i! I LO% D2 1 See regional maps e 

f Radar 
g 
h 
i Radar Stereo 
j 

50 cm F18 
1 m F21 
50 cm F18 
1 m F21 

Altitude 
Altitude 

See local maps 
See local maps 
Bee local maps 
See local maos 

11)* (Detailed) Moon 1 m A3 
Mercury 1 m A3 
Mars 1 m A3 
Venus 1 m A3 

Surface Mercury 1 km A6 
Appearance Mars 1 kn A6 

12) (Regional) Venus 1 kn A6 
Jupiter 10 km A7 

800 km B6 10 km C6 100% D1 - 
1000 km B6 10 km C6 1007. D1 - 
2000 km B8 10 km C6 100% D1 - 
20000 km B11 200 km C10 5% D3 Global 

5750i F3 
5750 F3 
6250% F4 
5750& F3 
5750 F3 
62501 F4 
50 cm F18 
50 cm F18 
1 m F21 

l O O O i  G2 

3 bands G4 1 
3 bands G 4 ' l i  
3 bands G4:l: 

::::1 8; 
a b Visible 

d Visible Color 
e 
f 
g Radar 
h 
i 

C 

20" I1 
20" I1 

60" I: 
60" I! 

20" 60" I: I1 

I 

13) (Local) Moon 100 m A5 100 km B4 1 km C4 100% D1 - 
Mercury 100 m A5 100 km B4 1 km C4 10% D2 See regional maps 
Mars 100 m A5 100 km B4 1 km C4 10% D2 See regional maps 
Venus 100 m A5 100 km 84 1 km C4 10% D2 See regional maps 

14) (Detailed) Moon 1 m A3 1 km B2 LO m C2 <1% See local maps 
Mercury 1 m A3 1 km B2 10 m C2 4% See local maps 
Mars 1 m A3 1 km B2 10 C2 <1% See local maps 
Venus 1 m A3 1 km B2 10 m C2 <1% See local maos 

15 Vsriable (Reg) Mars 1 km A6 1000 km 10 km C6 10% 02 Mare and poles 
l6[3urface (Local) Mars D4 Mare and poles 
17 Auoearance (Det) Mars 11 m A3 11 km I ;O? I ??% I Mare end ooles 100 m A5 100 km a Visible 

b Visible Color 

1 day E13 .25 yr E16 
1 day E13 .25 yr E16 
1 day E13 .25 yr E16 

1 hr E9 .50 yr E17 
1 hr E9 .25 yr E16 

1 min E8 - 
1 min E8 - 

5 min E6 100 hra El: 
5 min E6 100 hra E l l  
5 min E6 100 hrs El: 

l 0 O d  62 
3 bands 64.1: 

20" 60" I1 I3 

55" I2 
55" I2 

. .  . _ _  I I I 

Surface Winds Mercury 10 km A7 800 km B6 10 km C7 100% D1 - 
18)* (Regional) Mars 10 km A7 1000 km B6 10 km C7 100% D1 - 10 sec E3 - 

10 sec ~ 3 1 -  
a 
b 5750i F3 

6250A F4 
a Visible 
b 

SIC Altitude Local Time 
SIC Altitude:. Local Time D4 See regional maps 

Mars 1100 m A5 100 km B4 I 1 km I ;; Dk I See regional maps Mercury 100 m A5 100 km B4 1 km I 19)* (Local) 0.1 sec E2 - 
0.1 sec E2 - 

E7 - 

20) Topographic Moon 11 m A3 11 km B2 I 1 m C1 I <1% I Determined bv orior maoninn 
Changes 

57508 F3 
5750 F3 
57508 6250i F4 F3 

6250A F4 
50 cm F18 
50 cm F18 
1 m F21 
50 cm F18 
1 m F21 

200 200 I1 I1 

20. I1 
80" I4 
80" I4 

Altitude Local Time 

Altitude: Altitude, Local Local Time Time 
SjC Altitude, Local Time 
SIC Altitude, Loual Time 
SIC Altitude 
SIC Altitude 
SIC Altitude 
SIC Altitude 
SIC Altitude 

300 hrs E12 
300 hrs E12 
300 hrs E12 
300 hrs E12 
300 hrs E12 

a Visible 
b 

d Visible Stereo 
e 
f Radar 
g 
h 
i Radar Stereo 

C 

J 

Vertical Resolution 
All 10 m (54) Mercury 1 m A3 1 km B2 1 m Cl 4% Determined b%.prtor &pi$ 

Hars l m  A3 l k m  Derrrmfned by prior mappine 
Venus 1 m A3 1 km % E; 1 1 Determined by prior mappine 
Jupiter 10 m A4 10 km B3 100 m ( :3 <1% lDetarmined by prior mapping I 

1 I I I I 
*&asurements ma& on this observable may be applicable to engineering objactives. 

Note: values given in this table are nominal values. 
to worth curves given in Volume I. 

Lettered references (e.g.A7) refer 



PLANET 

Surface  Thermal Moon 
Anomalies Mercury 

21) (Regional) Mars 
Venus 
J u p i t e r  

GROUND POSITIONAI. PIANETAKY 
RESOLUTION 1ElAGE SIZE ACCURACY COVEMGE PIANKTARY DIS'I'KI RllTION 

1 km A6 500 km B5 10 km C6 loo"/ D 1  - 
1 km A6 800 km B6 10 km C6 100% D 1  - 
1 km A6 1000 km 86 10 km C6 100% D 1  - 
1 km A6 2000 km 88 10 km C6 100% D 1  - 
10 km A 7  10000 km B10 100 km C9 100% D 1  - 

23) (Detailed) Moon 
Mercury 
Mars 
Venus 

Atmos. Thermal Mars 
Anomalies Venus 

24)* (Regional) J u p i t e r  

- 
1 m A3 1 km B2 10 m cz 1% D4 See l o c a l  maps 
1 m A3 1 km B2 10 m C2 <1% See l o c a l  maps 

See l o c a l  maps 1 m A3 1 km 82 10 m C2 <I% 
See loca l  maps 1 m A3 1 km 82 10 m C2 <1% 

10 km A 7  1200 km B8 50 km C8 100% D 1  Polar  regions 
10 km A 7  2000 km B9 50 km C8 100% D l  - 
10 km A 7  20000 km B 1 1  200 km C10 100% D 1  Cloud b e l t s ,  red spot 

26)Global Cloud Mars 
Coverage Venus 

J u p i t e r  

10 km A 7  1200 km B8 50 km C8 100% D 1  Polar  regions 
10 km A7 2000 km B9 50 km CB 100% D 1  - 
10 km A7 20000 km B 1 1  200 km C l O  100% D 1  - 

1000 km B6 
1000 km B6 
10000 km B l O  

-~ 
10 km C6 20% D2 Equator ia l  and p o l a r  a reas  
10 km C 6  20% D2 Subsolar and polar  a reas  
100 km C9 20% D2 Belts, red  spot ,  t r o p i c s  

A 

3O)*Precipitation Mars 10 km A i  
Rate Venus 1 0  km A7 

J u p i t e r  10 km A7 

Thunderstorms Mars 1 0  km A 7  
31) (Regional) Venus 10 km A 7  

J u p i t e r  10 km A 7  

32) (Detailed) Mars 1 km A6 
Venus 1 km A6 
J u p i t e r  1 km A6 

1000 !a 86 50 km C 8  100% D 1  Wave of darkening and poles  
1000 km B6. 50 km C8 100% D l  Equator, poles and mountains 
10000 km Blb 100 km C9 100% D l  - 
1000 km 86 50 km C8 100% D 1  Equator ia l  and temperate zones 
1000 km B6 ' 5 0  km C 8  100% D 1  - 
10000 km B10 100 km C9 100% D 1  - 
100 km B4 5 km C5 2Oa D2 See reg iona l  maps 
100 km 84 5 !a C5 20% 02 See reg iona l  maps 
500 km B5 5 lan C5 20% 02 See reg iona l  maps 

Cyclone Mars 
Formations Venus 

33) (Regional) J u p i t e r  

10 km A7 1000 km B6 50 km C8 100% D 1  - 
10 km A 7  1000 km B6 50 km C8 100% D 1  Subsolar po in t  
10 km A 7  10000 km B10 100 km C9 100% D l  Cloud b e l t s ,  red  spot  

35) Suface t o  Moon 
Atmosphere Mercury 
Transfer Mars 

1 km A6 500 km B5 10 km C6 100% D I  - 
1 km A6 500 km B5 10 km C 6  100% D 1  - 
1 km A6 200 km B4 10 km C6 100% D 1  - 

37) Auroras Mars 
Venus 
J u p i t e r  

10 km A 7  1000 km B6 50 Ian C8 100% D 1  Polar  regions 
10 km A7 1000 km B6 50 km C8 100% D 1  Polar  regions 
10 km A 7  10000 km B10 100 km C9 100% D 1  Polar  regions 

38) Animal Li fe  Mars 
Venus 

20 cm A2 400 m 81 100 m C3 - D5 Wave of darkening and poles  
20 cm A2 400 m 81 100 m C3 - D5 Mountains and poles 

39) P l a n t  Li fe  Mars 
Venus 

100 m A5 200 km B4 1 km C4 10% D2 Wave of darkening and poles  
100 m A5 200 km 84 1 km Clk 10% D2 Mountains and poles  

40) Biochemical Mars 
Systems Venus 

J u p i t e r  

41) Hydrocarbons Moon 
Mercury 
Mars 

I 
1 km A6 800 km 86 10 km C7 10% 02 ave of darkening and p o l e s  
1 km A6 1000 km B6 10 km C7 10% D2 k o u n t a i n s  and poles  
1 km A6 2000 km B9 20 km C8 5% D3 

1 km A6 500 km B5 10 km C7 10% D2 Global 
1 km A6 800 km B6 10 Ian C7 10% D2 Global 
1 km A6 800 km B6 10 km C7 10% D2 Global 

- 

IVIXIAl. - - 
20x. 111 
2 0 7  112 
2 0 7  111 
207 112 
207 112 
20/ I l l  
20X H2 
2 0 2  112 

_ly I I I 
SENSOR 

REFERENCE I$A>:IJh'I IJ'I'I! 

1 ou CY 
10 GY 
1O"cm C14 
10 cm G14 
10 cm C13 
5 bands G18 
5 bands G18 
3 bands C16 

Des i r e d  
Temperature 
Resolution: 
Moon 1 ° K  
Mercury 5'K 

Venus 5°K 
J u p i t e r  2 OK 

Mars 2'K 

a I F  

c Microwave 
d 
e 
f Multiband 
g 

22) (Local) Moon 100 m A5 100 km 84 1 km C4 5% D3 See reg iona l  maps 
Mercury 100 m A5 100 km B4 1 km C4 5% D3 See reg iona l  maps 

D3 See regional maps Mars 100 m A5 100 km 
Venus 1100 m Ad100 km 2 1; 2 Ed;: D3 1 See regional maps 

1 h r  E 7  - 
1 h r  E7  - 
1 h r  E7  - 
1 h r  E 7  - 

1 h r  E 7  - 
1 h r  E7 - 
1 h r  E7  - 

6u G 7  
10 mm G l O  
10 m c10 

i bands C18 
i bands G18 

2U/ H2 
207 H 2  
207 H 2  

207 H2 
207 H 2  

.SO yr  E17 

.50 y r  E17 

.50 YK E 1 7  

a i n  2011 F 1 1 
b Microwave 5 mm F13 
C 5 cm F15 

d Multiband 3u-10 mm F11,13 
e 3u-10 cm F11,15 

Desired 
Temperature 
Resolution: 
Same as above 1 h r  

1 h r  
1 h r  E7  - 

25)* (Detailed) 1 day E13 - 
1 day E13 - 
1 day El :  - 

-05 Y K  E14 
-10 Y K  E15 
* l o  Y K  E15 

.25 YK E16 

.50 yr  E 1 7  

.50 Y K  E 1 7  

1 day E13 - 
100 hr  E l l  - 
1 day E13 - 
10 min E6 .25  Y K  E16 
10 min E6 .25 yr  E16 
2 min E8 - 

4 

f 2 s i b l e  ( ~ i ~ r ~ ~ ~ ~  ii 
d IK 24 F11 

Multiband .2?30u F2,3,6,11 

IOOOA G 1  
lOOOA C2 

20% H2 
20%. H2 
20% H2 
20% H2 
20:! H2 

Day I 
Day I 

Day I 

Day I 
Day I 

Day I 
Day I 
Day I 

Day I 

1 I1 G6 
811 G8 
6 bands G19 

I 

a UV 2500A Fl  
b Vis ib le  6250A F3 
c IK / l O u  F11 

l O O O A  l O O O A  G5 G2 

Bu c7 

20% ,H2 
20% H2 
20% H2 

20% H2 
20% H2 
20% ,H2 

20% H2 
20L 'H2 
20%. 'H2 
20% H2 
20% H2 
20%. H2 

- 

- 
20% H2 
20% H2 

- 
20% H2 
20% H2 

- 
20% H: 
20% H: 
20% H: 

20% H: 

- 
20% H 
20% H. 
20% H 
20% H: 
20% H: 
20% H: 

20% H: 

20% H: 
20% H: 

- 
- 

- 
60% H. 

60% H: 

Convective Cells Mars 
and Turbulence Venus Solar  and a n t i - s o l a r  p o i n t s  

Equator ia l  and polar  a reas  

77)* (Regional) J u p i t e r  Cloud b e l t s ,  red spot  

28)* (Detailed) Mars 1 km A6 100 km C5 20% D2 See reg iona l  maps 
Venus 1 km A6 100 lan 2 1; 2 C5 1 20% D2 I See reg iona l  maps 
J u o i t e j  1 km A611000 km B8 10 km C6 20% D2 See ree iona l  maos 

8U C8 
2 cm C 1 1  
6 cm C 1 1  

d F l l  
F16 

f F l 6  

1 h r  E7 - 
1 h r  E7 - 
1 h r  E7 - 
1 min E5 - 
1 min E5 - 
10 sec E3 - 

lOOOA G 1  
lOOOA G2 
1 U  G 6  
1011 G8 
100 C8 
6 bands G19 

24u F l l  
2 ou F11 

I 
1 min E5 - 
1 1 min min ~ 5 1 -  E5 - 

10 min E5 .25 y r  E16 
10 min E6 .25 y r  E16 
10 min E6 I .25 YK E16 

.5 cm F14 a Radar 1 cm F15 
b 

3 bands G17 
3 bands G17 

10 uscc E l  
10 usec E l  - 
10 usec E l  - 
10 usec E l  - 
10 usec E l  - T 10 dsec E l  - 

I 

l m  G15 
l m  G15 

a Passive K€ 50 m F22 
b 5 m  F21 

5750A F3 a V i s i b l e  
b IR 1.51 F6 
C 24P F11 

d Multiband .2-3Ou F3,6,11 

5750A F3 a V i s i b l e  
b 5750A F3 
c Vis. Color 5750A F3 
d 5750A F3 
e I R  F11 
f Microwave ;?cm F17 

a Passive RF 50 m F22 

1 min E8 .10 yr E15 
1 min E8 .10 yr  E15 
1 min EB .10 Y K  E15 

.25 Y K  E16 

.25 yr  E16 

.25 yr  E16 

l O O O A  G2 
111 G6 
I O U  G8 

6 bands C1S 

Day I 
Day 1 

Day 1 

45" : 
45" 1 
60" : 
60" : 

100 km 84 10 km C6 20% D2 See reg iona l  maps 
100 km B4 10 km C6 20% D2 See reg iona l  maps 
1000 km B6 I l l  10 km C6 20% D2 See reg iona l  maps 

34) (Detailed) Mars 1 h r  E9 .25 y r  E16 
1 h r  €9 .25 yr  E16 
10 min E6 I .25 y r  E16 

ZOOOA G2 
ZOOOA G Z  
3 bands G4,l 
8u 3 bands 

G4,l G8 
10 cm G l Z  E Local Time 

1 min E5 1 day El 
1 min E5 1 day El 
1 min E5 1 day El 
1 min E5 100 h r  El 
1 min E5 1 day E l  

.10 yr  E15 

.10 yr  E15 

.05 yr  E14 

.10 yr  E15 

.10 yr  E15 spot  and t r o p i c a l  reg ions  

I I I I I 
36) Radio Bursts Jupiter1 100 km A8150000 km B121500 km C111100% D 1  I S u b s a t e l l i t e  p t s .  of s a t e l l i t e  3 bands G l i  1 msec E2 - 

I 
5750A F3 a Vis ib le  

b V i s .  Color 5750A F3 
1 min E5 

l O O O A  G2 
3 bands G 1 7  

Night 1 
Night 1 

45" : 
80" : 
60' 1 
45" 1 

45" 1 
60" 1 
45" I 

.25 yr  E16 

ZOOOA G2 
lOOOA G2 
lOOOA G2 
10 bands G2C F8 

e Radar 5 cm F15 
F15 

a V i s i b l e  6250A F4 
b V i s .  Color 6250A F4 
c Multiband .5-5u F8 
d Radar 1 cm F15 

lOOOA G2 
lOOOA G2 
10 bands G20 

.25 yr  El$ 

.25 yr E16 

.25 y r  E16 I .25 v r  E16 

a 
b 
b 

a Multiband .5-5u F8 
.5-5u F8 b I 20% H: 

20% H: t k3" I 
Day 3 

10 bands 620 
10 bands G2C 

10 10 bands bands G2C G2C Day 1 
Day 1 

a 
Lt 
b 

I I 1 I 
*H@asurements made on t h i s  observable may be appl icable  t o  engineering o b j e c t i v e s .  



That i s ,  requirements f o r  r e g i o n a l ,  l o c a l ,  and d e t a i l e d  s c a l e  
imagery have been c a r e f u l l y  def ined.  The worth curves i n  
Volume I i n d i c a t e  t h a t  a t  Mars, Venus, and Mercury, the  r eg iona l  
s c a l e  imagery r e q u i r e s  minimum scene areas from about 600 x 600 
km t o  1500 x 1500 km wi th  ground r e s o l u t i o n s  ranging from th ree  
t o  20 km, Because of J u p i t e r ' s  s i z e ,  r e g i o n a l  scale imagery 
a t  t h a t  p l a n e t  demands minimum scene areas from 5000 x 5000 km 
t o  15000 x 15000 km and acceptab le  ground r e s o l u t i o n s  of 20 
t o  100 km. Local s c a l e  imagery a t  Mars, Venus, and Mercury 
implies  scene areas of about 100 x 100 km wi th  a ground r e so lu -  
t i o n  of 200 meters f o r  sur face  phenomena and three  km f o r  
atmospheric phenomena. Since the  na tu re  of J u p i t e r ' s  "surface" 
i s  unknown, no requirements have been def ined  f o r  sur face  
imagery except  on a r eg iona l  s c a l e .  Local s c a l e  atmospheric 
imagery a t  J u p i t e r  should view areas of a t  l eas t  600 t o  1500 km 
on a s i d e  wi th  a r e s o l u t i o n  of about t h r e e  km. Deta i led  s c a l e  
imagery ha3 been def ined  f o r  Mars, Mercury, and Venus and i n -  
volves scene areas of about 500 x 500 meters and r e s o l u t i o n s  
of f i v e  meters o r  less,, 

Some types of sur face  imaging experiments must supply 
ver t ica l  he igh t  information, if the s c i e n t i f i c  requirements are 
t o  be achieved. I n  gene ra l ,  r eg iona l  s c a l e  experiments are 
d i r e c t e d  towards d e t e c t i o n  of one t o  th ree  km he igh t  d i f f e r e n c e s ,  
l o c a l  s c a l e  100 t o  200 meters, and d e t a i l e d  s c a l e  50 meters, 
Thermal mapping experiments r e q u i r e  d e t e c t i o n  of f i v e  deg K 
temperature d i f f e r e n c e s  a t  Venus and Mercury, and two deg K a t  
Mars and J u p i t e r .  The f r a c t i o n a l  amount of the  p l a n e t ' s  area 
which must be imaged depends on the  scale of explora t ion .  That 
i s ,  r eg iona l  s c a l e  experiments g e n e r a l l y  r equ i r e  a t  least  70 
percent  coverage, l o c a l  s c a l e  about t e n  pe rcen t ,  and d e t a i l e d  
s c a l e  one percent  o r  less .  F i n a l l y ,  s ince  most atmospheric 
phenomena are dynamic, n e a r l y  a l l  of the  r eg iona l  s c a l e  atmos- 
pher ic  imaging experiments r e q u i r e  r ap id  coverage of l a r g e  areas, 

I I T  R E S E A R C H  I N S T I T U T E  
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I 

and many of t he  atmospheric experiments r equ i r e  r e p e t i t i v e  
imagery. This  can be performed on a s h o r t  per iod  b a s i s  t o  
d e t e c t  t e m p o r a l v a r i a t i o n s ,  o r  on a long per iod  b a s i s  t o  d e t e c t  
seasonal  v a r i a t i o n s ,  

have been def ined  f o r  Mars than f o r  any o the r  t a r g e t  p l a n e t ,  
and t h a t  one- th i rd  (53) of t he  Mars experiments u t i l i z e  the  
v i s i b l e  p o r t i o n  of the spectrum. This i s  l a r g e l y  because both 
the  su r face  and the  atmosphere can be observed v i s u a l l y .  Mars 
appears t o  have the g r e a t e s t  b i o l o g i c a l  p o t e n t i a l ,  and more l i f e  
de t ec t ion  imaging experiments are suggested f o r  Mars than f o r  
any o the r  p l ane t .  O r b i t a l  imagery a t  Mercury and Venus i s  less 
u s e f u l  than a t  Mars, i n  the  sense t h a t  t he re  a r e  fewer phenomena 
t o  observe o r  fewer ways t o  observe them. Venus has  a t h i c k  
cloud cover p r o h i b i t i n g  v i s u a l  observat ion of  the su r face  from 
o r b i t ,  hence v i s u a l  imagery a t  Venus does n o t  p l ay  the  same 
r o l e  as a t  Mars (only 8 of 77 imaging experiments a t  Venus a r e  
v i s u a l  experiments) ,  Most of the Venus imaging experiments 
d e a l  wi th  atmospheric phenomena, a l though about one- th i rd  a r e  
r ada r  su r face  imaging experiments I) A t  Mercury (79 experiments) , 
the  emphasis i s  placed upon v i s u a l  observat ion of sur face  
phenomena (33 experiments),  s ince  Mercury appears t o  have no 
apprec iab le  atmosphere, Fewer experiments have been def ined 
f o r  J u p i t e r  and the Moon (57 and 59, r e s p e c t i v e l y ) ,  A t  J u p i t e r ,  
t he  cloud cover i s  presumed t o  prevent  v i s u a l  imaging of the  
sur face  from o r b i t .  No l o c a l  o r  d e t a i l e d  s c a l e  sur face  r ada r  
imaging experiments are def ined a t  J u p i t e r ,  s ince  a sur face  may 
n o t  even ex i s t .  A t  the  Moon, no atmospheric imaging experiments 
are proposed, and s u f f i c i e n t  r eg iona l  s c a l e  su r face  imagery 
has  a l r eady  been obtained.  

Table 1 a l s o  shows t h a t  more imaging experiments (159) 

4 "  ORBIT SELECTION 

Many of the 400 measurements def ined  i n  Table 1 
r equ i r e  similar ope ra t iona l  cond i t ions ,  and i t  was unnecessary 

I I T  R E S E A R C H  I N S T I T U T E  

10 



(and u n r e a l i s t i c )  t o  s e l e c t  400 d i f f e r e n t  o r b i t s ,  one f o r  each 
experiment. Rather ,  the experiments were so r t ed  i n t o  operat ion-  
a l l y  compatible f a m i l i e s  f o r  each p l a n e t ,  and o r b i t s  w e r e  
s e l ec t ed  f o r  each family of experiments. This  does n o t  imply 
t h a t  a l l  t h e  experiments i n  a s i n g l e  family have s i m i l a r  sub- 
system support  requirements,  nor  t h a t  they should be performed 
simultaneously on the  same mission. 

For  those experiment f a m i l i e s  r equ i r ing  l a r g e  amounts 
of p l ane ta ry  coverage (seventy percent  o r  more), o r b i t  s e l e c t i o n  
w a s  based on achievement of contiguous coverage obtained through 
o r b i t a l  d r i f t .  That i s ,  the o r b i t  trace apparent ly  d r i f t s  
across  the  p l a n e t  su r f ace  i n  an o rde r ly  fash ion ,  providing 
sequen t i a l  coverage i n  longi tude and t i m e .  The des i r ed  d r i f t  
r a t e  is c l o s e l y  r e l a t e d  t o  the minimum acceptable  scene area 
pe r  image and the minimum acceptab le  image overlap,  Thus the  
experiments i n  each family tend t o  have similar measurement 
s p e c i f i c a t i o n s  wi th  regard t o  minimurn scene area, minimum image 
overlap,  and s o l a r  i l l umina t ion  c o n s t r a i n t s ,  I n  gene ra l ,  t he  
o r b i t s  s e l e c t e d  a t  each p l a n e t  provide the  maximum p lane ta ry  
coverage i n  minimum t i m e  using an o r b i t  d r i f t  ra te  c o n s i s t e n t  
with the  minimum scene area and image overlap.  Orb i t s  were 
se l ec t ed  i n  the same manner f o r  experiment f ami l i e s  demanding 
much less coverage ( t e n ,  o r  even one pe rcen t ) .  The des i r ed  
d i s t r i b u t i o n  of such coverage i s  unknown, and has been assumed 
t o  be d i s t r i b u t e d  randomly over the  e n t i r e  p l ane ta ry  sur face  a 

condi t ions  a t  each p l a n e t )  i s  descr ibed f u l l y  i n  Volume I. 
Each s e l e c t e d  o r b i t  i s  def ined i n  Volume I I I - O r b i t  Se l ec t ion  
and Def in i t i on .  Conclusions r e s u l t i n g  from examination of the  
o r b i t s  s e l e c t e d  f o r  experiment f a m i l i e s  a t  Mars, Venus, Mercury, 
and J u p i t e r  are summarized below. These conclusions are v a l i d  
only f o r  o r b i t s  providing contiguous coverage as def ined above. 
Orb i t s  were n o t  s e l e c t e d  f o r  the Moon because during 1975-1995 

The o r b i t  s e l e c t i o n  process  (and t y p i c a l  a r r i v a l  
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i t  i s  l i k e l y  t h a t  lunar  o r b i t a l  missions w i l l  involve manned 
opera t ions  o r  be i n  support  of manned ( o r b i t a l  and su r face )  
missions.  

imagery (70 percent )  can be obtained from o r b i t  i n  t h ree  t o  
ten days,  provided t h e r e  are no s o l a r  i l l umina t ion  c o n s t r a i n t s  
o r  simply d a y l i g h t  i l l umina t ion  i s  requi red .  
330 days i s  necessary t o  achieve 70 percent  coverage a t  s o l a r  

A t  Mars, t he  coverage r equ i r ed  f o r  r eg iona l  scale 

A minimum of about 

z e n i t h  angles  less than 20 degrees ,  as i s  des i r ed  f o r  v i s u a l  
s t e r e o  imagery. Image i n t e r v a l  t i m e s  ( the  t i m e  i n t e r v a l  be- 
tween oppor tun i t i e s  f o r  observing a s p e c i f i c  l oca t ion  on the 
p l a n e t )  are normally r e s t r i c t e d  t o  less than a couple of minutes 
o r  g r e a t e r  than a couple of hours.  
achieved e 

A t  Venus, 120 Ea r th  days a r e  requi red  t o  ob ta in  70 
percent  coverage under daytime cond i t ions ,  o r  i f  t h e r e  are no 
s o l a r  i l l umina t ion  cons%ra in t s .  Most of the  imaging exper i -  
ments a t  Venus r e q u i r e  only d a y l i g h t  i l l umina t ion  o r  are in -  
dependent of the  s o l a r  i l l umina t ion .  Therefore ,  r e g i o n a l  
s c a l e  coverage can be repeated a t  most twice a p l ane ta ry  year.  
It i s  d i f f i c u l t  t o  provide image i n t e r v a l  t i m e s  g r e a t e r  than a 
few minutes and less than 1 , 5  hours.  

Seasonal r e p e t i t i o n s  are e a s i l y  

A t  Mercury, 70 percent  coverage can be achieved i n  
30 t o  40 Ear th  days,  provided the re  are no s o l a r  i l l umina t ion  
c o n s t r a i n t s  o r  a t  worst  day l igh t  c o n s t r a i n t s .  The coverage 
can be repeated every 30 t o  40 days,  However, only 64 percent  
of t he  su r face  i s  i l lumina ted  a t  s o l a r  z e n i t h  angles  less than 
40 degrees ,  and only 34 percent  a t  z e n i t h  angles  less than 20 
degrees.  Only about h a l f  t he  a v a i l a b l e  area can be covered by 
an i n e r t i a l  o r b i t ,  and two  Mercury years  (about 180 Ea r th  days) 
are requi red  t o  ob ta in  t h i s  coverage. Therefore ,  completely 
s a t i s f a c t o r y  v i s u a l  c o l o r  o r  s t e r e o  imagery a t  r eg iona l  s c a l e  
(70 percent  coverage) cannot be obtained a t  Mercury. 

A t  J u p i t e r ,  the  d e s i r e d  imaging experiments have no 
s t r i n g e n t  s o l a r  i l l umina t ion  c o n s t r a i n t s .  Complete, o r  n e a r l y  
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complete, p l a n e t a r y  coverage can be obtained e a s i l y  i n  about 
20 t o  40 Ear th  days. 
be provided by proper o r b i t  s e l e c t i o n .  

V i r t u a l l y  any image r e p e t i t i o n  ra te  can 

5. IMAGER SCALING TAWS 

The s c a l i n g  l a w s  r e s u l t i n g  from t h i s  s tudy are 
q u a n t i t a t i v e  s ta tements  which r e l a t e  an imaging system's capa- 
b i l i t i e s  t o  i t s  c h a r a c t e r i s t i c s  The s c a l i n g  l a w s  permit 
es t imat ion  of experiment support  requirements,  once the  image 
s p e c i f i c a t i o n s  and o r b i t  parameters have been def ined.  
func t iona l  r e l a t i o n s h i p  i s  portrayed i n  Figure 2 

Scal ing l a w s  were developed only f o r  those types of 
imaging f o r  which (1) a need e x i s t s  (as expressed by the  
measurement d e f i n i t i o n s )  and (2) adequate design experience w a s  
a v a i l a b l e .  Unless the c h a r a c t e r i s t i c s  of a sensor system can 
be p red ic t ed  over f a i r l y  wide ranges,  s c a l i n g  l a w s  cannot be 
developed. Scal ing l a w s  were developed f o r  v i s u a l ,  r a d a r ,  in -  
f r a r e d ,  u l t r a v i o l e t ,  and pass ive  microwave imagers. 

type of imaging sensor  w a s  t he  c o l l e c t i o n  and c o r r e l a t i o n  of 
empir ica l  d a t a ,  i n  an at tempt  t o  re la te  the  support  requirements 
l i s t e d  i n  Figure 2 t o  va r ious  c h a r a c t e r i s t i c s  of t he  sensor  
system. For example, the weight of a simple TV imaging system 
w a s  found t o  be p ropor t iona l  t o  the  diameter of t he  camera tube.  
Such empir ica l  r e l a t i o n s  r e f l e c t  the  c u r r e n t  s t a t e - o f - a r t ,  
Future c a p a b i l i t i e s  must n e c e s s a r i l y  be specu la t ive ,  I n  those 
f e w  cases  where sources  of increased  c a p a b i l i t y  could be c l e a r l y  
foreseen ,  the  presumed e f f e c t  of  s t a t e - o f - a r t  advances on t h e  
sca l ing  l a w s  were noted. I f  i n s u f f i c i e n t  empir ica l  d a t a  was 
a v a i l a b l e ,  o r  i f  no s a t i s f a c t o r y  empir ica l  c o r r e l a t i o n  between 
support  requirements and the sensor  c h a r a c t e r i s t i c s  w g s  d i s -  
covered, t h e o r e t i c a l  r e l a t i o n s  were developed. 

The second s t e p  i n  obta in ing  s c a l i n g  l a w s  w a s  t o  re- 
la te  the  important sensor  system c h a r a c t e r i s t i c s  t o  measurement 

This 

The f i rs t  s t e p  i n  obta in ing  s c a l i n g  laws f o r  a given 
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s p e c i f i c a t i o n s  and o r b i t a l  parameters.  Only i n  a f e w  cases  can 
the  experiment support  requirements be deduced d i r e c t l y  from 
the measurement s p e c i f i c a t i o n s  and o r b i t a l  parameters independ- 
e n t l y  of t h e  imaging system. That i s ,  the  f i r s t  s t e p  i n  the 
a n a l y s i s  i d e n t i f i e d  which sensor system c h a r a c t e r i s t i c s  determine 
the support  requirements,  t he  second s t e p  i d e n t i f i e d  how those 
c h a r a c t e r i s t i c s  depend upon the measurement s p e c i f i c a t i o n s  and 
o r b i t a l  parameters.  For example, the weight of a simple TV 
imaging system depends upon the camera tube diameter ,  which i n  
t u r n  i s  r e l a t e d  t o  the  des i r ed  ground r e s o l u t i o n ,  scene area, 
spacec ra f t  a l t i t u d e ,  and the  TV l i n e  c a p a b i l i t y  of t he  camera 
tube e 

F i n a l l y ,  the  sca l ing  l a w s  f o r  each type of imaging 
system were organized i n  a manner which f a c i l i t a t e s  the  e s t i -  
mation of support  requirements,  i d e n t i f i e s  t he  measurement 
s p e c i f i c a t i o n s  and o r b i t a l  parameters which a f f e c t  the  support  
requirements,  and d e l i n e a t e s  the  sensor  system v a r i a b l e s  which 
may be manipulated by the  experiment des igner .  This systematic  
organiza t ion  w a s  expressed i n  a " logic  diagram" f o r  each 
imager type. Figure 3 shows, f o r  example, a l o g i c  diagram f o r  
o r b i t a l  TV imaging systems. Each box i n  the  diagram rep resen t s  
a s t e p  i n  the  system design,  each bal loon r ep resen t s  e s t ima t ion  
of a support  requirement.  Figure 4 summarizes the  s c a l i n g  l a w s  
which are designed f o r  use wi th  t h e  l o g i c  diagram. These f i g u r e s  
are included he re  f o r  i l l u s t r a t i v e  purposes;  a d e t a i l e d  explana- 
t i o n  i s  given i n  Volume I V .  

It should be emphasized t h a t  no a r t i f i c i a l  s e l e c t i o n  
of sensor system v a r i a b l e s  w a s  made i n  the a n a l y s i s .  For example, 
the exposure t i m e  s e l e c t e d  f o r  a TV system must be long enough 
t o  r e s u l t  i n  a s a t i s f a c t o r y  s igna l - to-noise  r a t i o  and must be 
s h o r t  enough t h a t  motion of the  system, o r  t he  imaged o b j e c t ,  
does n o t  degrade the  s p a t i a l  r e s o l u t i o n .  These c o n s t r a i n t s  are 
i d e n t i f i e d  by the  s c a l i n g  l a w s  and t h e i r  method of employment, 
bu t  no s p e c i f i c  exposure t i m e  i s  implied by the s c a l i n g  l a w s .  
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Such freedom of choice may be used by the experiment des igner  t o  
e f f e c t  t r a d e o f f s  between the support  requirements.  The pe r fo r -  
mance of such t r a d e o f f s  w a s  beyond the  scope of the s tudy ,  and 
hence the  experiment support  requirements a c t u a l l y  es t imated 
must be regarded as r e p r e s e n t a t i v e ,  n o t  optimum o r  minimized. 

v i s u a l  (TV and f i lm)  , i n f r a r e d  scanning , pass ive  microwave 
and r ada r  systems i s  provided i n  Volume IV-Imaging Sensor System 
Scaling Laws.  Scal ing l a w s  f o r  i n f r a r e d  t e l e v i s i o n  systems 
are presented i n  a c l a s s i f i e d  appendix t o  Volume I V .  

A complete d e r i v a t i o n  of s c a l i n g  l a w s  f o r  u l t r a v i o l e t ,  

6 .  EXPERIMENT SUPPORT REQUIREMENTS 

Once t h e  measurement s p e c i f i c a t i o n s  were def ined ,  
and ap7 o r b i t  s e l e c t e d  f o r  achievement of t he  measurements, 
subsystem support  requirements were est imated f o r  imaging 
experiments a t  Mars, Venus, Mercury, and J u p i t e r  using the 
sensor  system s c a l i n g  l a w s .  Each experiment c o n s i s t s  of  a 
s p e c i f i c  imaging system opera t ing  i n  a s p e c i f i c  mode providing 
imaging d a t a  t o  achieve a s p e c i f i c  ob jec t ive .  Thus the  exper i -  
ment support  requirements r ep resen t  a syn thes i s  of exp lo ra t ion  
ob jec t ives ,  o r b i t a l  mechanics, and sensor system design.  

s e n s i t i v e  t o  t h e  o r b i t a l  parameters,  t h e  imaging system des ign ,  
and, of course ,  t h e  s c i e n t i f i c  requirements.  For each exper i -  
ment, the  support  requirements r e f l e c t  minimal achievement of 
the  s c i e n t i f i c  ob jec t ive  (with due regard t o  o r b i t a l  mechanics 
c o n s t r a i n t s )  as def ined  by the  worth curves a s soc ia t ed  wi th  
the  measurement s p e c i f i c a t i o n s .  D i f f e r e n t  support  requirements 
may be obtained by s e l e c t i n g  a d i f f e r e n t  o r b i t ,  o r  by changing 
the design of t he  sensor  system, I f  such changes are s k i l l -  
f u l l y  made, the measurement achievement need n o t  s u f f e r .  No 
at tempt  w a s  made i n  t h i s  s tudy t o  de f ine  e x p l i c i t l y  the  l i m i t s  
of support  requirement f l e x i b i l i t y  f o r  each experiment. There- 

I n  gene ra l ,  the  es t imated  support  requirements are 
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f o r e  the  support  requirements obtained must be regarded as 
r e p r e s e n t a t i v e  of requirements demanded i n  an a c t u a l  mission. 
I n  some ind iv idua l  cases, similar experiments w e r e  compared 
wi th  one another  as a t e s t  of r ep resen ta t iveness .  

The following paragraphs summarize, i n  g ross  terms, 
the  experiment support  requirements of o r b i t a l  imagery as 
might be used i n  unmanned p lane ta ry  explora t ion .  Only the 
weight,  average power, and peak d a t a  a c q u i s i t i o n  ra te  r equ i r e -  
ments are emphasized here .  Addi t iona l  support  requirements 
f o r  i nd iv idua l  experiments are t abu la t ed  i n  Volume V-Support 
Requirements f o r  P l ane ta ry  O r b i t a l  Imaging, The support  
requirements quoted he re ,  and i n  Volume V ,  are based upon 
imaging system c a p a b i l i t i e s  c o n s i s t e n t  wi th  the  c u r r e n t  o r  
nea r - fu tu re  s t a t e - o f - a r t .  Some specula t ion  on l i k e l y  advances 
i n  the s t a t e - o f - a r t  have been provided i n  Volume I V ,  b u t  the  
support  requirements summarized here  do n o t  r e f l e c t  t hese  
specula t ions  ,, 

study employ imaging systems which are wi th in  reach of t h e  
c u r r e n t  s t a t e - o f - a r t ,  except  f o r  those f e w  experiments which 
r e q u i r e  ground r e s o l u t i o n s  of less than f ive  meters.  I n  f a c t ,  
i t  appears t h a t  ground r e s o l u t i o n s  on t h e  order  of one meter 
a r e  n o t  c u r r e n t l y  f e a s i b l e  wi th  any type of o r b i t a l  imaging 
system, Most of the  atmospheric imaging experiments a t  Mars 
and Venus can be performed by one-half- inch v id icon  systems 
each weighing e i g h t  pounds, consuming e i g h t  w a t t s  of power 
(average),  and acqu i r ing  d a t a  a t  a ra te  of 25,000 b i t s l s e c ,  o r  
less ,  assuming s i x  b inary  b i t s  pe r  r e s o l u t i o n  element, A t  
J u p i t e r ,  h igh  imaging a l t i t u d e s  and e l l i p t i c  o r b i t s  r e q u i r e  a 
two-inch RBV ( r e tu rn  beam v id icon)  system using about 30 w a t t s  
of power and a d a t a  ra te  of 4 x LO5 b i t s / s e c .  
r e s o l u t i o n ,  t he  system weighs about 50 pounds, bu t  f o r  3 km 
ground r e s o l u t i o n ,  t h e  system grows t o  300 pounds because of 
the  l a r g e  o p t i c a l  subsystem requi red .  Support requirements f o r  

A l l  t h e  v i s u a l  imaging experiments suggested by the  

F o r  20 km ground 
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su r face  imagery a t  Mars and Mercury are 15-30 pounds, 15-30 
w a t t s ,  5,000-500,000 b i t s / s e c  f o r  r eg iona l  s c a l e  imagery; 30-60 
pounds, 30-100 w a t t s ,  10 -10 b i t s / s e c  f o r  l o c a l  s c a l e  imagery; 
and 300-500 paunds, 30-300 w a t t s ,  10 -10 b i t s / s e c  f o r  d e t a i l e d  
scale imagery. 

a t  J u p i t e r ,  a t  least  from the  o r b i t a l  a l t i t u d e s  considered h e r e ,  
and enormous amounts of power are requi red .  A t  Mars, Venus, 
and Mercury, the  weight ,  average power, and peak d a t a  acqu i s i -  
t i o n  rates are 200-300 pounds, 300-500 w a t t s ,  about 10,000 
b i t s / s e c  f o r  r eg iona l  s c a l e  imagery; 300-400 pounds, 200-300 
w a t t s ,  10 -10 b i t s l s e c  f o r  l o c a l  s c a l e  imagery; and about  
1000 pounds, 1000 w a t t s ,  and 10 b i t s / s e c  f o r  d e t a i l e d  scale 
imagery. Ground r e s o l u t i o n s  of less than f i v e  meters are n o t  
f e a s i b l e  a 

6 7  
7 8  

O r b i t a l  r ada r  imaging experiments are not f e a s i b l e  

5 6  
6 

Except a t  J u p i t e r ,  all. t he  atmospheric i n f r a r e d  
imaging experiments can be performed by scanning systems weigh- 
ing  two t o  s i x  pounds, consuming about two w a t t s  of power, and 
c o l l e c t i n g  d a t a  a t  a peak ra te  of less than 7,000 b i t s / s e c .  
Regional s c a l e  su r face  imagery a t  Mars and Mercury r e q u i r e s  
2-10 pounds;, about f i v e  w a t t s ,  and less than 15,000 b i t s / s e c ,  
while  l o c a l  s c a l e  su r face  imagery r e q u i r e s  50-100 pounds, 5-30 
w a t t s ,  and about 10 b i t s / s e c ,  Deta i led  s c a l e  imagery and 
atmospheric imagery a t  J u p i t e r  do n o t  appear t o  be f e a s i b l e .  

Surface passive microwave imagery from o r b i t  i s  
f e a s i b l e  only a t  Mars and Mercury, and then only f o r  r e g i o n a l  
s c a l e  imagery. A t y p i c a l  imaging system i s  est imated t o  weigh 
about 500 pounds, consume 100 w a t t s  of power, and c o l l e c t  
about 2000 d a t a  b i t s l s e c .  Atmospheric imaging experiments are 
app l i cab le  only t o  Venus and J u p i t e r .  A t  Venus the  atmospheric 
experiments r e q u i r e  20-100 pounds, 20-80 w a t t s ,  and 200-2,000 
b i t s / s e c .  A t  J u p i t e r  t he  experiments d e s i r e d  are n o t  f e a s i b l e .  

U l t r a v i o l e t  scanning systems can be used a t  Mars, 

6 

Venus, and Mercury, For th ree  km ground r e s o l u t i o n ,  a t y p i c a l  
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system weighs about two pounds, consumes only one w a t t  o f  power, 
and c o l l e c t s  d a t a  a t  rates from 2,000 t o  250,000 b i t s / s e c ,  
depending upon the  o r b i t ,  A ground r e s o l u t i o n  of 200 meters 
can be achieved by a 50 pound system wi th  a l o 6  b i t / s e c  d a t a  
ra te  and one w a t t  average power. 

u s e f u l  a t  Mars, Venus, and Mercury. Support requirements f o r  
such systems w i l l  be similar t o  those f o r  i n f r a r e d  scanning 
systems, a l though t h e  d a t a  a c q u i s i t i o n  rates w i l l  depend upon 
the  number of s p e c t r a l  channels requiSed. Multifrequency r ada r  
systems might be u s e f u l  a t  Mars and Venus, e s p e c i a l l y  f o r  s tudy  
of atmospheric p r e c i p i t a t i o n .  The support  requirements are 
l i k e l y  t o  be somewhat more demanding than f o r  monochromatic 
r ada r  systems, Passive radiofrequency imaging systems would be 
e s p e c i a l l y  u s e f u l  a t  J u p i t e r ,  bu t  t h e  design of such systems 
i s  so specu la t ive  t h a t  s c a l i n g  l a w s  have n o t  been der ived  
during t h i s  study. 

a l l  t he  imaging systems s tud ied  i s  t h a t  imagery obtained from 
an e l l i p t i c  o r b i t  over any s i g n i f i c a n t  a l t i t u d e  range r e s u l t s  
i n  increased  weight,  power, and d a t a  a c q u i s i t i o n  ra tes  as com- 
pared t o  use of a cons t an t ,  o r  n e a r l y  cons t an t ,  imaging a l t i t u d e .  
Thus experiment support  requirements can f r equen t ly  be t raded  
o f f  a g a i n s t  t he  v e l o c i t y  change of t he  o r b i t  cap ture  maneuver 
and the  mission du ra t ion  requi red  t o  achieve the d e s i r e d  
amount of p l a n e t a r y  coverage. 

M u l t i s p e c t r a l  scanning systems are l i k e l y  t o  be ve ry  

One of the  more important t r a d e o f f s  found common t o  
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