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CONDENSED SUMMARY REPORT

1. INTRODUCTION

This report is a condensed summary of work reported
in detail by Volumes I through V of "Orbital Imagery for
Planetary Exploration." The purpose of the study was to esti-
mate the requirements imposed upon spacecraft subsystems by
the use of imaging sensor systems on unmanned planetary orbiting
spacecraft, This study plays a key role in the identification
of advanced technology development needs. By comparing the
estimated support requirements provided by this study to the
projected capabilities of spacecraft subsystems, some of the
needs for advanced technology development of subsystems may be
determined. Since this study deals only with imaging experi-
ments which might be performed on unmanned planetary orbital
missions, a comprehensive determination of advanced technology
requirements must await completion of additional studies deal-
ing with alternative mission modes. Nonetheléss, since orbital
imagery is expected to play an important part in planetary
exploration, this study represents an essential contribution to
the intelligent planning of advanced technology development.

The study focuses upon orbital imaging experiments
because such experiments are expected to impose severe require-
ments upon spacecraft subsystems in future unmanned planetary
exploration. The term imaging, as used in this study, means
the collection of two-dimensional information from a planetary
scene in an essentially simultaneous manner, either by direct
two~-dimensional recording or by rapid scanning., The planetéry
targets considered by the study are Mercury, Venus, the Moon,
Mars, and Jupiter, while the time frame of interest covers
launch opportunities from 1975-1995, The study subtasks were
(1) exploration objectives, (2) measurement definition, (3)
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orbit selection, (4) imager scaling laws, and (5) experiment

support requirements.
The exploration objectives task provided an explicit

statement of those objectives of unmanned planetary orbital
exploration which might be accomplished by remote sensing
experiments. By considering the scientific goals of space
exploration, the current knowledge of planetary phenomena, and
conceptual measurement techniques, additional analysis identi-
fied those measureable planetary phenomena which can be investi-
gated usefully by imagery from orbital altitudes.

The measurement definition task interpreted the
exploration objectives into measurement specifications from the

viewpoint of the scientist who must interpret the data. A set
of nominal values (pertaining to ground resolution, imaged area,
solar illumination constraints, etc.) was defined for each
measurement, together with a range of values over which the
measurement was deemed useful to the scientist. The measurement
specifications were used in the orbit selection procedure and
in the final estimation of experiment support requirements,

The orbit selection task defined operational orbits

for the required experiments. Experiments with similar
operational requirements were grouped into families, and orbits
were selected for these families., The resultant orbital para-
meters were also used in the estimation of subsystem support
requirements for each of the experiments.

The imager scaling laws defined the quantitative
relationships between the imager characteristics and its ability
to meet the required measurement specifications from a specific

orbit. For each imager type, a collection of scaling laws which
relate the experiment support requirements to the measurement
specifications, to the sensor system characteristics, and to
the orbit variables were derived.

The experiment support requirements task combined the

results of previous tasks. Both measurement specifications and
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orbit parameters were used with the scaling laws to estimate
typical support requirements demanded by each imaging experiment.
This condensed summary report discusses, in each of
the task areas, the method of analysis and the results of the
analysis. A more detailed summary report is provided by
Volume I-Technical Summary. The exploration objectives task is
documented in Volume II-Definitions of Scientific Objectives
which describes in some detail those planetary phenomena for
which remote sensing appears useful. The results of the orbit
selection task are tabulated in Volume ITI-Orbit Selection and
Definition., Volume IV-Imaging Sensor System Scaling Laws
provides a detailed derivation of scaling laws for ultraviolet
line scanners, television camera systems, photographic film
camera systems, infrared line scanners, passive microwave
imagers, and side~-looking radar systems. A classified appendix
(confidential) to Volume IV presents scaling laws for infrared
television camera systems. Volume V-Support Requirements for
Planetary Orbital Imaging presents an extensive tabulation of
typical experiment support requirements for orbital imaging
experiments at Mars, Venus, Mercury, and Jupiter.

2, EXPLORATION OBJECTIVES

A Both scientific and engineering objectives of planet-
ary exploration were identified by a systematic analysis of the
goals of space exploration. The scientific goal deals with
understanding the origin and evolution of the solar system,
while the engineering goal was defined as achieving the scien-
tific goal in an efficient manner. These goals were expanded
in steps of increasing detail resulting in the identification

of subgoals, exploration objectives, and observable planetary

properties, or '"observables.'" The analysis of the scientific
goal, down through the exploration objectives level, is por-
trayed in Figure 1. Down to this level of detail, it was not

necessary to take account of detailed differences between the
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planets, the location of the experimental platform, or the
class of measurement (i.e., direct or remote sensing). Once
the observables were defined in terms of physical phenomena
and conceptual measurement techniques, the potential utility
of remote sensing was assessed, If remote sensing was deemed
useful, the observable was analyzed in greater detail to
determine whether or not imagery obtained from an orbiting
spacecraft might contribute materially to achievement of the
exploration objective, This judgement was based on the
characteristics of the observable. (planetary distribution,
characteristic size, temporal variation, etc.) at each of the
target planets without regard to instrument availability or
current technological capability. The observables defined in
support of engineering exploration objectives were not
analyzed in sufficient detail to define measurement specifica-
tions, but were correlated with the scientific observables.
Analysis of the scientific goal, as shown in Figure
1, led to the definition of nearly thirty exploration objectives
dealing with understanding a planetary body (composition,
structure, and active processes), the surrounding atmosphere
(composition, structure, and active processes), fields, and
both active and extinct biology. Nearly one hundred different
observables were defined in support of these exploration
objectives, but remote sensing was judged useful for only about
half of these with emphasis upon those objectives dealing with
planetary composition, planetary structure, atmospheric struc-
ture, and active atmospheric processes. Orbital imagery is
expected to be useful in the study of more than half of the
observables for which remote sensing is appropriate. 1In parti-
cular, orbital imagery can play a major role in the study of
planetary structure and active atmospheric processes. Orbital
imagery is not expected to contribute materially to an under-
standing of either planetary or atmospheric composition. The
complete results of the exploration objectives task are given
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in Volume II-Definitions of Scientific Objectives.

3, MEASUREMENT DEFINITION

From the standpoint of the sensor system designer,
the planet-dependent observable descriptions do not adequately
describe the nature and quality of the desired imagery. The
observable descriptions define what should be measured, but do
not define how the measurement should be performed in terms of
the operational conditions and measurement accuracy necessary
for proper image interpretation. Therefore, the observable
descriptions were recast in a form meaningful to both the
scientist and the sensor system engineer. The resulting
measurement definitions provided nominal specifications for
orbital imaging measurements, and are summarized in Table 1.

The nominal specifications themselves do not indicate
the amount of flexibility (or image degradation) the scientist
is willing to accept. In order that overly-stringent support
requirements not result from the measurement specifications,
measurement worth curves were provided. The letter-digit
combinations listed in Table 1 (e.g. A7) refer to these worth
curves. The worth curves are included in Volume I and indicate,
for each specification, how the nominal value may vary without
degrading the scientific value of the experiment. The experi-
ment support requirements estimated in this study are based
upon the worth curve data rather than the nominal specifications
given in the Table, It must be emphasized that the measurement
definitions do not, in any way, reflect the current technologi-
cal capabilities of imaging sensor systems. The measurements
defined here indicate the imaging experiments the scientist
would truly like to perform, rather than what he thinks he
could perform.

The specifications shown in Table 1 imply an explora-
tion heirarchy involving first, second, and even third genera-
tion missions aimed at acquiring data of increasing detail.
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TABLE . SUMMARY

OF MEASUREMENT SPECIFICATIONS

SUN
POSITIONAL | PLANETARY ON TIME T ERRE L LLON RATE SENSOR
OBSERVABLE PLANET REggguUTNIgON IMAGE SIZE ACCURACY COVERAGE PLANETARY DISTRIBUTION REFERENCES SENSOR TYPE SPECTRAL REGION BANDWIDTH ELEVATION SUPPORT MEASUREMENTS COMMENTS
poe 5 t
*, c7 | 100% - - - - - visible 5750, F3 1000 G3 207 I1 |S/C Altitude, Local Time |Vertical resolution for
b s\lu-nc: szggur g ‘1: ﬁ?/ ggg : §~2 {8 g c7 | 100% - - - - - 3'3’5’1 b 5750 F3 1000, 63 20° 11 |S/C Altitude, Local Time lall bodies 18 1 ko 1)
Elevations Mars OIS km A7 |1000 km B6 | 10 km C7 | 100% - - - - - oy c 62508  Fb 10008 63 20° 11 |S/C Altitude, Local Time |except Jupiter which is
Venus |skm A7 [2000kn BE|10km STI IS BII: . : : : Bl |4 vieilestereo | 2708 D2 |i0oR & 80+ 14 |$/€ Altivacs b (32).
- - - - - titu
Jupiter{50 km A8 [20000 km Bll| 50 km C9 00% h, 3 g Radar 20 cm P8 I ° S/C Altitude
g 50 cm F18 - - $/C Altitude
h 1m F21 - - S/C Altitude
i Radar Stereo 50 cm F18 - - S/C Altitude
3j 1m ¥21 - - S/C Altitude
10 Al {1 km B2 | 10m C2 | <1% Determined by prior mapping| - - - - a,d, £ a Visible 57508 F3 10003 G2 45° 12 |-
2) Layering *::ury' 10 g: Al |1 km B2 | 10 m c2 | <1% Determined by prior mapping| - - - - b:e:g b 57504 F3 1000, G2 "5: 12 |-
Mars 10 cm Al |1 km B2 | 10m c2 | <1% Determined by prior mapping| - - - - c,e g c 6250A F4 1000 G2 45 12 |-
Venus |10 em Al |1 Im B2 [ 10m c2 <17; Det:ermineg gy ptior mapping - - - - :, g d Radar %g g‘n‘ ;%_7’ - - -
o Det e rior mepping} - - - - e - - -
Jupiter|l m A3 11 e |0 @< eemmn 7P PRing £ Multifreq.Radar| 50 cm F18 3 bands Gl6 - -
g 50 cm F18 3 bands Gl6 - -
h 60 cm F18 3 bands Gl6 - -
Contacts Mercuryll km A6 800 km B6 | 10 km C6 | 100% - - - - - b,d,g,j,1,0] a Ultraviolet 2250, F1 5008 ¢l 90° 15 |-
3) m(IR:;i.onal) Mars 11 km 46 |1000 km B6 | 10 km cCé | 100% - - - - - eh i 1lp | b 2250, F1 5004, Gl 30° 5 |-
Venus }1 km A6 [2000 km B8 | 10 km Cg 1;)0% - bal L - - - 1 ﬁ visible g;gge ll::g %gggﬁ g% gg" %1 -
A7 110000 km B10] 50 km C 5% Globa - - - - m ° -
Jupiter|3 km s 62508 Fd 10008 G2 0 1
Moon 100 m A5 |100 km B4 | 1 km C4 | 1007 - - - - - a,c,f,i,k,n| £ TInfrare . 75u F7 0.1u G2 0° 11 |-
4 (Local) Mercury|100 m AS |100 km B4 | 1 km C4 | 10% See regional maps - - - - b,d:g:j:lio g 1.5u F6 0.1u G2 20° 11 |-
Mars 100 m A5 [100 km B4 | 1 km C4 | 10% See regional maps - - - - e,h,j,1,p h 1.75u F7 0.1u G2 20° 11 {-
Venus [100 m A5 |100 km B4 | 1 km c4 | 107 See regional maps - - - - 1 i Infrared 1204 Fi2 20u G9 90° 15 |-
0 2 | <13 See local i Rad o w7 | 2™ ¢ ol e
tailed Moon 1 A3 |1 km B2 | 10m o <1% ee local maps - - - - a,c,f,i,k,n Radar cm F17 - s -
5)  (Betailed) Mercury |1 2 A3 |1 km B2 | 10m c2 | <1% See local maps - - - - b,dig 110 1 10 cm F17 - i -
Mars lm A3 |1 km B2 | 10 m C2 | <1% See local maps - - - - e,h,j,1,p m 60 cm F18 - - -
Venus |1l m A3 |1 km B2 | 10 m C2 | <1% See local maps - - - - 1 n Multiband 15-2y  F1,3,7| 6 bands G19 45° 12 |-
) 15-24  F1,3,6| 6 bands G19 45° 1z |-
- P 5-2.5u F4,7 | 6 bands G19 45° 17 |-
Seructure of Mercury|lkm A6 800 km B0 | 10 km g | 105 - - - N z ‘c’:gzgrg'»} a Visible 57508  F3 1000, G2 20° 11 |8/C Altitude, Local Time |Vertical resolution same as
v 1km A6 |2000 km B8 | 10 km C6 | 1007 - - - - - FIS i b 57504  F3 1000, G2 20° Il |S/C Altitude, Local Time |horizontal
6  (Regional) upiter|10 km A7 |20000 kn Bl1| 200 km Cl0| 5% Global - - - - m < 6250 Fi 1000, G2 20° 11 | S/C Altirude, Local Time
Jupiter ° ’ d Visible Stereo %750% F3 1088 G2 gg° 12 SéC Altitude
250 F4 10004 G2 ° I S/C Altitude
100m A5 [100km B4 | 1km  C& | 100% - - - - - a,d,f£,4,1 | $ yius " i
N (Loeal) g:g::‘ury 100 : A; 100 km B4 | 1 km C4 | 107 See regional maps - - - - b:d:g:j:l f Visible Color g;ggé gg g gancd‘ls &’i; ggo %g g;g ﬁ}.?gu‘dﬂe
Mars 100 m A5 |100 km B4 | 1 km c4 | 10% See regional maps - - - - c,eh, 5,1 E 2730 T 3 b::d: FAET a0 Blye Alt:;':tsd:
Venus {100 m A5 [100 km B4 | 1 km c4 | 10% See regional maps - - - - j,1 i Radar 50 cm F18 b 4 2 S?C ﬁltituge
j 50 cm F18 - - S/C Altitude
Detalled, Mo 1 A3 |1 km B2 | 10m c2 | <l% See local maps - - - - a,d,f,i,1 J - 1
8) (Detailed) Heﬁ'c'm-y 1 2 A3 |1 km B2 | 10m C2 | <1% See local maps - - - - b:dzs:jzl 1{ Radar St ;.om ;%é - - g;g AA}EIE::?!Z
Mars lm A3 |1 km B2 | 10m €2 | <1% See local maps - - - - cre h. 31 m ar Stereo 3 mcm f1s - - sie Alt}_tude
Venus |1 m A3 |1 km B2 | 10m C2 | <1% See local maps - - - - i1
Surface Mercury{l km A6 {800 km B6 | 1 km cl2} 100% - - - - - b,d,g,1 Vertical resolution:
Topography Mars {1 km A6 [1000 km B6 [ 1 km  C12{ 100% - - : : - c.e,g,1 a Vigible 5750p  F3 10008 @3 20°  I1|S/C Altitude, Local Time |(Regional) - 1 km (J1) for
9)* (Regional) Venus |l jm A6 [2000 km B8l lomme i3l 190% S10bal : - : : gl b 57504  F3 10004 €3 20° 11 |S/C Altitude) Local Time | &l S(55h° TUPiter 2t
Jupiter|i0-km A7 g c 6250A  F4 10008  G3 20° 11 |S/C Altitude, Local Time |(1ccal) - 50 m (J3)
10)* (Local) Moon [100m A5 |100km B4 | 100m C3 | 100% DI |- - - - - a,d,£,1 d Visible Stereo | 37308 P4 10008 & 80 Ih|5fc Altitude (betailed) - T0a t36)
Mercury[100 m 45 [100km B4 | 100 m €3 | 10% See regional maps - - - - bid, g1 ¢ Radar §250a  F4 [ loooA 63 80 T4 |8/c altitude
Mars 100 m A5 {100 km B4 | 100m C3 | 10% See regional maps - - - - c,e,g,1 g 50 om Fi8 - - S/C Alritude
Venus {100 m A5 {100 km B4 | 100 m C3 | 10% See regional maps - - - - g, 1 ? . éom FZ% - - s ;C Altitude
Radar Stereo cm FL - - S§/C Altitude
% (Detailed Moon lm A3 |1 km B2 {1m Cl | <17 See local maps - - - - a,d, f,i - -
1% (Detatled) Mercury|lm A3 |1 km B2{1m cl | <12 See local maps - - - - b,d g1 N lm F21 §/C Altitude
Mars lm A3 |1 km B2{1lm Cl | <1% 8ee local maps - - - - c,e,g,1
Venus |l m A3 {1 km B2 {1lm Cl | <1% See local maps - - - - ei
Surface Mercury|l km A6 | 800 km B6 | 10 km C6 | 100% - - - - - b,e,h
Appearance Mars |Lkm A6 |1000km B6 | 10lm C6 | 100% - - - - - e E h . .
12) (Regional) Venus |l km A6 {2000 km B8 | 10 km C6 | 100% - - - - - h a Visible 57504 F3 10004 G2 20° Il |-
Jupiter {10 km A7 | 20000 km Bl1l| 200 km C10 /o Global - - - - i b 3750, F3 1000, G2 20° Il -
c 6250 F4 1000 G2 20° 11 |-
13) (Local) Moon 100 m A5 | 100 km B4 | 1 km C4 | 100% - - - - - a’d’ﬁ d Visible Color 57504 F3 3 bands G4,17 60° I3 ]-
Mercury|100 m A5 | 100 km B4 | 1 km C4 | 10% See regional maps - - - - b,e, e 5750, F3 3 bands G4,17 60° 13 |-
Mars 100 m A5 | 100 km B4 | 1 km C4 | 107 See regional maps - - - - c,f,h £ 6250, F4 3 bands 64,17 60° 13 |-
Venus (100 m A5 | 100 km B4 | 1 km C4 | 10% See raegional maps - - - - h g Radar gg cm F18 - - -
cm F18 - - -
14) (Detailed) Moon 1m A3 |1 km B2 | 10m C2 | <1% See local maps - - - - a,d,g i 1w F21 - - -
Mercury|l m A3 {1 km B2 | 10m C2 | <17 See local maps - - - - b,e,
Mars lm A3 |1 km B2 | 10m C2 | <1% See local maps - - - - c,f,h
Venus [l m A3 |1 km B2 | 10 m C2 | <1% See local maps - - - - h
Variable (Re Mars 1kn A6 |1000 km B6 | 10 km C6 | 10% Mare and poles 100 hrs E1l 1 day E13}.25 yr El6| 4,b
ig 3urface (Iiocg{) Mars 100 m A5 |100 km B4 | 1km c4 | 1% Mare and poles 100 hrs El1l1 day E13[.25 yr El6| a)p Vvisible 62504 F4 10004 2 20° 11 |-
17)Appearance (Det) Mars lm A3 |1 km B2 | 10m C2 | <1% Mare and poles 100 hrs EL1] 1l day E13{.25 yr E16| a,b Vigible Color 6250, F& 3 bands 64,17 60° 13 |-
Surface Winds Mercury |10 km A7 {800 km  B6 | 10 km C7 | 100% - ] % :5 gg gg b g%z a
- . o
18)* (Regional) Mars 10 km A7 {1000 km B6 | 10 km €7 [ 100% - b b a vVisible 57503  F3 10008 G2 45° 12 |s/c Altitude, Local Time
19)* (Local) Mercury{100 m AS [100 km B4 | Lkm & | 1% See regional maps 1 min E8 |- a b 62504 F4 1000 62 45 12 IS/C Altitude, Local Time
Mars 100 m A5 | 100 km B4 | 1xm C& | 1% See regional maps - 1 min E8 {- b
P
20) Topographic Moon flm A3 {1 km B2 | 1m Cl | <1% Determined by prior mappin, - - 300 hrs E12 | 5 d.f,1 a Visible 57508  F3 10004 @3 20° I1 |S/C Altitude, Local Time [Vertical Resolution
’ch&é:s" Mercury[lm A3 |1 km B2 | 1m cl | <17 Determined bg,.gm: ,,331 - - 300 hrs E12 | 1 d)g i b 5750 F3 1000, G3 20° Il |S/C Altitude, Local Time |A1l 10 m (&
Mars {la A3 |1 km B2{1lum cl | <1% Determined by prior meppin - - 300 tws E12 | ole g,i c 6250, Fh 1000 ¢3 20° 11 |S/C Altritude, Local Time
Venus [lm A3 |1 km B2 {1lm cl i <1% Determined by prior mappin - - 300 hrs E12 | o'y d Visible Stereo | 57508  F3 1000% G3 80° 14 |S/C Altitude, Local Time
Jupiter (10 m A4 |10 km B3| 100m €3] <1% Determined by prior mappi: - - 300 brs E12 | g j e 62504  F4 1000 G3 80°  I4 |S/C Altitude, Loval Time
£ Radar 50 cm F18 - - S/C Altitude
g 50 cm  F18 - - S/C Altitude
h 1 F21 - - S/C Altitude
i Radar Stereo 50 cm F18 - - S/C Altitude
3 1m F21 - - S/C Altitude

*Measurements made on this observable may be applicable to engineering objectives.

Note:

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

Lettered references (e.g.A7) refer



TABLE I. SUMMARY OF MEASURE MENT SPECIFICATIONS (Continued)

ACQUIS F
GROUND POSTTIONAL{ PLANETARY N QUISITION TIME REPETITION RATE SENSOR s
OESBRVABLE PLANET | RESOLUTION{ IMAGE S1ZE ACCURACY | COVERAGE |PLANETARY DISTRIBUTION IMAGE COVERAGE IMAGE COVERAGE REFERENCE SENSOR TYPE SPECTRAL REGTONS BANDWIDTH (OVERLAP | ELEVATION SUPPORT MEASUKEMENTS COMMERTS
S
7 - Lhe E7f-
Surface Thermal Moon 1 km A61500 km B5 {10 km  C6} 1007 D1 10 hr El0j-
Ancnalies vercury| 1 kn  A6|800 km Bg }8 ﬁm gg }88:; gi - i 2: E; - %g :r E%o - g»g:g a Ik 50, 12 1oy oo | 207 ml - . Desired
21 Regional Mars 1 km A6}1000 km B m 3 - o r 0f- ’ b 50, : - - emperature
) (Reg ) ere e Ael2000 ke B8 |10 km  C6|100% DI |- Lhr  E7|- 10 hr  E10|- bde ¢ Microwave 50" cm 18 10 G | 307 ) - Resolution:
Jupiter{10 km A7[10000 km B10|100 km C9|100% D1 |- 1 br E7| - 10 kr  E10}- had d 50 em Fig 10 em cls | 207 w2l - _ Moon 1°K
. e 60 cm ¥20 10 cm c13 | 207 n2| - - Mercury  5°K
22 1 M 100 A5]100 km B4 |1 km C4| 5% D3 |See regional maps 1 hr l-:7 - 10 hr E10]- N . _ 3 { Ma. o
) (Local) Mzg:ury 100 : A5{100 km B4 |1 km C4)5% D3 [See regional maps 1 hr E7l- 10 hr  El0]- §’§’f ; uteiband 3“—%88 :: }‘g’%g 2 gg:g: g%g %8; }g z - Ve;f:s §°§
Mars 100 m  A5{100 km B4 |1 km C&4/| 5% D3 [See regiomal maps 1 hr E7] - 10 he  Elo|- b,d'g b 3”_100 1o’ 3 b ciel 507 15 - - Jupiter 2°K
Venus 100 m  A5]100 km B4 |1 km C4) 5% D3 {See regional maps 1 hr EN - 10 hr E10]- d’h,g U cm ands A - -
23)  (Detailed) Moon [l m A3{1 km B2 [l0m 2417 D4 |See %oca% maps ! :; f; - %3 e Elof- a,c,f
Mercury|1l m A3}l km B2 |10 m C2[<1% ee local maps oA et r E10|- b.d.g
Mars |lm A1 ke B2 {10m  C2{<1% See local maps Lhe o E7}- 10 hr  El0|- g
Venus [1m  A3|1 km B2 [10m  c2|<1% See local maps Lhr E7)- 10 hr  El0|- e
—— 2
Atmos, Thermal Mars 10 km A7|1200 km B8 {50 km C8[100% Dl {Polar regions 1 hr E71- .50 - -
Anomaiies Venus |10 km A7/2000 km B9 |50 km c8[1004 DI |- . Lhe  i7- - S0 B 2,b,d & AR owave 200 m b G130 - - Desired
24)*  (Regional)  Jupiter[10 km A7[20000 km B11{200 km C10/100% D1 [Cloud belts, red spot I hr  E7|- - .50 yr EL7 a,c.e c 5 cm F15 10 mm Gl0 | 207 n2 - Temperature
) ) 1 1h 7 Resolution:
25)* (Detailed) Mars 1 km A6{100 km B4 |10 km C6{10% D See regional maps r 7] - 1 day E13]- R _ .
Venus |1 km A6|200 km B4 [10 km C6[10% D2 [See regional maps 1 hr E7|- 1 day FE13)- 2,2,2 g Multiband g:_ig :: gﬁ,%g 2 g:g; g%g gg; :g - - Same as above
Jupiter{ 1l km A6]2000 km B9 [20 km C8[20% D2 |See regional maps 1 hr E7}- 1 day E12}- a:c:e f s A
26) Global Cloud Mars 10 km A7[1200 km B8 |50 km C8/100% Dl (Polar regioms 15 min E6|1 day E13 - .0 )
Coverage Venus |10 km A7|2000 km B9 |50 km C€8|100% DI |- %5 min Eg 100 hr E1Y - % 4 gig :’5’2’3'2 b 3‘1’ub1e (BY_& :5“7)(5)82 f% %gggﬁ g% %81 i g:? %2 p
Jupiter| 10 km  A7/20000 km B11)200 km C10[100% D1 |- min E8|1 day E13|- .10 yr EIS ab.c.de | c 1R coior)}y’y Fo -
. »0,C, .Sy 1y G6 207 H2{ - -
’ d IR ™ Fi1 8y ¢8 | 20% na2| - -
e Multiband .2-30u F2,3,6,11| 6 bands G19] 207 H2| Day 18} -
Convective Cells Mars 10 km A7[1000 km B6 |50 km C8|1007% D1l |Equatorial and polar areas 1 hr E7|- - .25 yr E16 a,b,c,d a uv 25004 Fl 10004 G5 1207 H2{| Day 16
and Turbulence Venus {10 km A7/1000 km B6 [50 km C8(100% D1 [Solar and anti-solar points 1Lhr E7|- - .50 yr E17 a,b,c,d,e,f| b Visible 62504 F3 10004 G2 | 207 H2j Day  16) -
27)* (Regional) Jupiter|10 km A7/10000 km B10f{100 km C9|100%Z D1 |Cloud belts, red spot 1 hr E7|- - .50 yr E17 a,b,c,d,e,f| ¢ IR 10u F11 8u G7 | 20% HZ} - -
00t :
28)* (Detailed) Mars 1km  A6[100 km B4 |5 km  C5}20% D2 |See regional maps 1lhr E7|- 1 day EI3}- a,b,c,d d 2hu F11 81 G8 | 207 H2 -
Venus 1 km A6]100 km B4 15 km c5/20% D2 |See regional maps 1 hr E7]- 100 hr E11{- a,b,c,d,e,f| e Microwave 2 cm F1l6 2 cm Gl1 | 20% H2| - -
Jupiter|1l km A6|1000 km B8 |10 km C6|20% D2 |See regional maps 1 hr E7|- 1 day E13]- a,b,c,d,e,f| £ - 6 cm Fl6 6 cm G11 [ 20% H2 -
29)¥Cloud Formation Mars 1 km  A6]1000 km B6 |10 km C6{20% D2 [Equatorial and polar areas 1 min  ES5|[- 10 min E6 [.25 yr E16 a,b,c,d,f a UV gy (30004 F2 10004 Gl |20% H2| Day 16} -
Venus |1 km  A6{1000 km B6 110 km C€6{20% D2 |Subsolar and polar areas 1 min ES5|- 10 min E6 [.25 yr EL6 a,b,e,d, £ ) b Visible' ;. .]57504 F3 10004 G2 | 20% H2) pay 16| -
Jupiter] 10 km A7[10000 km B10[100 km C€9[{20% D2 |Belts, red spot, tropics 10 sec E3|- 2 min E8 |- a,b,c,e,f ¢ IR 1.5n F6 1y G6 [ 207 H2| Day 16| -
- d 24y F11 10u G8 207 H2| - -
e 20u Fl1 10p G8 20% H2} - -
f Multiband L2304 ¥2,3,6,11} 6 bands G19 | 20% H2{ Day 18 -
30)#*Precipitation Mars 10 km A7{1000 km 86 |50 km C8{100% D1 |Wave of darkening and poles 1 min ES5|- 10 min E6 |.25 yr El6 a a Radar 2.5 ecm Fl4 3 bands G17 | 20% H2| - -
Rate Venus 10 km A7[1000 km B6: [50 km C8|100% D1 |Equator, poles and mountains 1 min ES|- 10 min E6 .25 yr EL§ b b 5 cm F15 3 bands Gl17 | 20% H2| - -
Jupiter| 10 km  A7|10000 km B10|{100 km C€9|100% DL |- 1 min ES}- 10 min E6 |.25 yr El6 b
Thunderstorms Mars 10 km A7{1000 km B6 [50 km C8|100% Dl |Equatorial and temperate zomes | 10 usec El 1 min E8 [.10 yr E15 a a Passive RF 50 m F22 1m G15 | 20% HZ2| = -
31) (Regional) gemixl: %g g :; ]1.8ggoh\1lqn g?o igohl:m gg %gg:; g% - %8 usec g% - 1 min Eg .10 yr EI15 g b 5 m F21 im G15 | 20% H2| - -
upiter| o - usec - 1 min E .10 yr EI15
32) (Detailed) Mars 1 km A61100 km B4 {5 km C5(207% D2 |See regional maps 10 usec El]- 1 min E8 |.10 yr E15 a
Venus |1 km A6[100 lm B4 |5 km C5(20% D2 |See regional maps 10 usec El}- 1 min E8 },10 yr ‘El5 a
Jupiter] 1 km A6)500 km B5 |5 km C5]|20% D2 [See regional maps 10 usec E1]- 1 min E8 }[.10 yr E15 b
Cyclone Mars 10 km A7{1000 km B6 [50 km C8|100% D1 |[- 10 min E6|- .25 yr EL6 a,b,c,d a Visible 5750A F3 1000A G2 | 20% H2| Day 16] -
Formations Venus 10 km A7/1000 km B6 {SO km C8|100% D1 |Subsolar point 10 min E6|- .25 yr El6 a,b,c,d b IR . 1. 5u Fé6 ) G6 | 20% H2| Day 16| -
33) (Regional) Jupiter] 10 km  A7|10000 km B10J100 km C9[{100% D1 [Cloud belts, red spot 1 min E5|- .25 yr El6 a,b,c,d c 2442 F11 10u G8 | 20% H2§ - -
34) (Detailed) Mars 1 km A6/100 km B4 |10 km C6(20% D2 |See regional maps 10 min E6}- 1 hr E9 [.25 yr El6 a,b,c,d d Multiband .2-30u F3,6,11 6 bands Gl9 | 20% H2| Day 18] -
Vengs 1 km A6{100 km B4 |10 km C6]20% D2 |See regional maps 10 min E6f- 1 hr E9 .25 yr El6 a,b,c,d
Jupiter| 1 km A6[1000 km B6 |10 km C6|20% D2 {See regional maps 1 min ES5|- 10 min E6 }|.25 yr El6 a,b,c,d
35) Suface to Moon 1 km A6]500 km B5 |10 km C6[100% D1 }- 1 min E5(1 day E13|- .10 yr E15 a,c a Visible 5750A F3 1000A G2 | 20% HL| 45° 12| -
Atmosphere Mercury| 1 km A6]500 km B5 |10 km C6]100% D1 |- 1 min E5|1 day E13]- .10 yr E15 b,d b 57504 F3 1000A G2 | 207% H2| 45° 12| -
Transfer Mars 1 km A6(200 km B4 {10 km C€6{100% D1 |- 1 min E5|1 day E13{- .05 yr El4 b,d,e ¢ Vis. Color 57504 F3 3 bands G4,17] 20%.HL| 60° 13] -
Venus 110 km A7]1000 km B6 |50 km C8[100% D1 |- 1 min E5/100 hr -E1l}- .10 yr EIS e,f d 57504 F3 3 bands G4,17) 20% H2| 60° i3] -
Jupiter| 10 km  A7{1000 km B6 {100 km C9{100% DI [Red spot and tropical regions 1 min E5|1 day E13|- .10 yr EI15 e,f e IR 241 Fll 8u G8 |[20% H2| - -
f Microwave 30 cm F17 10 cm G12 | 207 H2| - -
36) Radio Bursts Jupiter] 100 km A8;50000 km B12{500 km C11/100% D1 [Subsatellite pts. of satellites|l msec E2[- 1 min E8 |- a a Passive RF 50 m F22 3 bands Gl7 | 20% H2| - Local Time
37) Auroras Mars 10 km  A7[1000 km B6 |50 km C8(100% D1 |Polar regions 1 min E5}- 1 hr E9 |.25 yr El6 a,b a Visible 5750A F3 10004 G2 |20% H2| Night 17] -
Venus |10 km  A711000 km B6 [50 km C8[100% Dl {Polar regions 1 min E5}~ 20 hr  E10 125 yr EL6 a,b b Vis, Color 5750A F3 3 bands G17 | 20% H2| Night 17/ -
Jupiter| 10 km  A7]10000 km B10|100 km €9{100% D1 |Polar regions 1 min E5j- 1 hr E9 .25 yr El6 a,b
38) Animal Life Mars 20 cm A2 }400 m Bl [100 m C3]- D3 |Wave of darkening and poles 1 sec E4|- 10 sec E5 [. a,b,c,d a Visible 6250A F4 1000A G2 |- 45° 12| -
Venus |20 em A2)400 m Bl {100 m C3{- D5 |Mountains and poles 1 sec E4 |- 10 sec E5 | e, f b Vis. Stereo 62504 FZ 1000A G2 607 H3| 80° 14 -
¢ Vis, Color 62504 F 10004 G2 |- 80° I3] -
d Multiband 2. 5p F8 10 bands G20 | - 45° 12| -
e Radar 5 cm F15 - - - -
. £ Radar Stereo |5 cm F15 - 60% H3§ - -
39) Plant Life Mars 100 m  A5(200 km B4 |1 km C4|10% D2 |Wave of darkening and poles 1 hr E7 |- - .25 yr EL6 a,b,c a Visible 6250A Fé4 10004 G2 |- 45° 12| -
Venus [100 m  AS]200 km B4 |1 km C4110% D2 |Mountains and poles 1 hr E7}- - .25 yr El§ d b Vis, Color 62504 Flg ]fgogA 4 g%o - 20" Ig -
¢ Multiband 5-5u F ands - 5° 12 -
d Radar 5 cm F15 - - - -
40) Biochemical Mars 1 km A6 1800 km B6 |10 km C7{10% D2 [ave of darkening and poles 1 hr E7 |- - .25 yr El6 a a Multiband .35 F8 10 bands G20 |20% uH2| &4S° 12
Systems Venus |1 km A611000 km B6 |10 km C7|10% D2 {Mountains and poles 1 hr E7 |- - .25 yr E16 b b .5-5u F8 10 bands G20 |20% H2 | Day 16| -
Jupiter] 1l km A6 2000 km B9 |20 km C8 5% D3 1 hr E7 |- - .25 yr El6 b
41) Hydrocarbons Moon 1 km A6 500 km B5 |10 C7 |10% D2 |Global - - - - a a Multiband 11-10u F9 10 bands G20 {- Day 161 -
gsr;ury % g ﬁg ggg 2 gg Z]L'g g C7 |10% D2 |Global - - - - B b . 5-10u Fi0 10 bands G20 |- Day 16| -
3 C7 [10% D2 [Global - - - o b

=,
Meagurements made on this observable may be applicable to engineering objectives.



That is, requirements for regional, local, and detailed scale
imagery have been carefully defined. The worth curves in
Volume I indicate that at Mars, Venus, and Mercury, the regional
scale imagery requires minimum scene areas from about 600 x 600
km to 1500 x 1500 km with ground resolutions ranging from three
to 20 km, Because of Jupiter's size, regional scale imagery

at that planet demands minimum scene areas from 5000 x 5000 km
to 15000 x 15000 km and acceptable ground resolutions of 20

to 100 km. Local scale imagery at Mars, Venus, and Mercury
implies scene areas of about 100 x 100 km with a ground resolu-
tion of 200 meters for surface phenomena and three km for
atmospheric phenomena. Since the nature of Jupiter's ''surface'
is unknown, no requirements have been defined for surface
imagery except on a regional scale. Local scale atmospheric
imagery at Jupiter should view areas of at least 600 to 1500 km
on a side with a resolution of about three km. Detailed scale
imagery has been defined for Mars, Mercury, and Venus and in-
volves scene areas of about 500 x 500 meters and resolutions

of five meters or less,

Some types of surface imaging experiments must supply
vertical height information, if the scientific requirements are
to be achieved. 1In general, regional scale experiments are
directed towards detection of one to three km height differences,
local scale 100 to 200 meters, and detailed scale 50 meters.
Thermal mapping experiments require detection of five deg K
temperature differences at Venus and Mercury, and two deg K at
Mars and Jupiter., The fractional amount of the planet's area
which must be imaged depends on the scale of exploration. That
is, regional scale experiments generally require at least 70
percent coverage, local scale about ten percent, and detailed
scale one percent or less, Finally, since most atmospheric
phenomena are dynamic, nearly all of the regional scale atmos-
pheric imaging experiments require rapid coverage of large areas,

1'T RESEARCH INSTITUTE
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and many of the atmospheric experiments require repetitive
imagery., This can be performed on a short period basis to
detect temporal variations, or on a long period basis to detect
seasonal variations,

Table 1 also shows that more imaging experiments (159)
have been defined for Mars than for any other target planet,
and that omne-third (53) of the Mars experiments utilize the
visible portion of the Spéctrum. This is largely because both
the surface and the atmosphere can be observed visually. Mars
appears to have the greatest biological potential, and more life
detection imaging experiments are suggested for Mars than for
any other planet. Orbital imagery at Mercury and Venus is less
useful than at Mars, in the sense that there are fewer phenomena
to observe or fewer ways to observe them., Venus has a thick
cloud cover prohibiting visual observation of the surface from
orbit, hence visual imagery at Venus does not play the same
role as at Mars (only 8 of 77 imaging experiments at Venus. are
visual experiments). Most of the Venus imaging experiments
deal with atmospheric phenomena, although about one-third are
radar surface imaging experiments. At Mercury (79 experiments),
the emphasis is placed upon visual observation of surface
phenomena (33 experiments), since Mercury appears to have no
appreciable atmosphere. Fewer experiments have been defined
for Jupiter and the Moon (57 and 59, respectively). At Jupiter,
the cloud zover is presumed to prevent visual imaging of the
surface from orbit. No local or detailed scale surface radar
imaging experiments are defined at Jupiter, since a surface may
not even exist. At the Moon, no atmospheric imaging experiments
are proposed, and sufficient regional scale surface imagery
has already been obtained.

4, ORBIT SELECTION

Many of the 400 measurements defined in Table 1
require similar operational conditions, and it was unnecessary

I'T RESEARCH INSTITUTE
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(and unrealistic) to select 400 different orbits, one for each
experiment. Rather, the experiments were sorted into operation-
ally compatible families for each planet, and orbits were
selected for each family of experiments. This does not imply
that all the experiments in a single family have similar sub-
system support requirements, nor that they should be performed
simultaneously on the same mission.

For those experiment families requiring large amounts
of planetary coverage (seventy percent or more), orbit selection
was based on achievement of contiguous coverage obtained through
orbital drift. That is, the orbit trace apparently drifts
across the planet surface in an orderly fashion, providing
sequential coverage in longitude and time. The desired drift
rate is closely related to the minimum acceptable scene area
per image and the minimum acceptable image overlap, Thus the
experiments in each family tend to have similar measurement
specifications with regard to minimum scene area, minimum image
overlap, and solar illumination comnstraints. In general, the
orbits selected at each planet provide the maximum planetary
coverage in minimum time using an orbit drift rate consistent
with the minimum scene area and image overlap. Orbits were
selected in the same manner for experiment families demanding
much less coverage (ten, or even one percent). The desired
distribution of such coverage is unknown, and has been assumed
to be distributed randomly over the entire planetary surface.

The orbit selection process (and typical arrival
conditions at each planet) is described fully in Volume I.

Each selected orbit is defined in Volume III-Orbit Selection
and Definition. Conclusions resulting from examination of the
orbits selected for experiment families at Mars, Venus, Mercury,
and Jupiter are summarized below. These conclusions are wvalid
only for orbits providing contiguous coverage as defined above.
Orbits were not selected for the Moon because during 1975-1995

11T RESEARCH INSTITUTE
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it is likely that lunar orbital missions will involve manned
operations or be in support of manned (orbital and surface)
missions,

At Mars, the coverage required for regional scale
imagery (70 percent) can be obtained from orbit in three to
ten days, provided there are no solar illumination constraints
or simply daylight illumination is required. A minimum of about
330 days is necessary to achieve 70 percent coverage at solar
zenith angles less than 20 degrees, as is desired for visual
stereo imagery. Image interval times (the time interval be-
tween opportunities for observing a specific location on the
planet) are normally restricted to less than a couple of minutes
or greater than a couple of hours. Seasonal repetitions are easily
achieved.

At Venus, 120 Earth days are required to obtain 70
percent coverage under daytime conditions, or if there are no
solar illumination constraints. Most of the imaging experi-
ments at Venus require only daylight illumination or are in-
dependent of the solar illumination. Therefore, regional
scale coverage can be repeated at most twice a planetary year.
It is difficult to provide image interval times greater than a
few minutes and less than 1.5 hours.

At Mercury, 70 percent coverage can be achieved in
30 to 40 Earth days, provided there are no solar illumination
constraints or at worst daylight constraints. The coverage
can be repeated every 30 to 40 days, However, only 64 percent
of the surface is illuminated at solar zenith angles less than
40 degrees, and only 34 percent at zenith angles less than 20
degrees, Only about half the available area can be covered by
an inertial orbit, and two Mercury years (about 180 Earth days)
are required to obtain this coverage. Therefore, completely
satisfactory visual color or stereo imagery at regional scale
(70 percent coverage) cannot be obtained at Mercury.

At Jupiter, the desired imaging experiments have no

stringent solar illumination constraints. Complete, or nearly
11T RESEARCH INSTITUTE
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complete, planetary coverage can be obtained easily in about
20 to 40 Earth days. Virtually any image repetition rate can
be provided by proper orbit selection.

5. IMAGER SCALING LAWS

The scaling laws resulting from this study are
quantitative statements which relate an imaging system's capa-
bilities to its characteristics. The scaling laws permit
estimation of experiment support requirements, once the image
specifications and orbit parameters have been defined. This
functional relationship is portrayed in Figure 2.

Scaling laws were developed only for those types of
imaging for which (1) a need exists (as expressed by the
measurement definitions) and (2) adequate design experience was
available. Unless the characteristics of a sensor system can
be‘predicted over fairly wide ranges, scaling laws cannot be
developed. Scaling laws were developed for visual, radar, in-
frared, ultraviolet, and passive microwave imagers.

The first step in obtaining scaling laws for a given
type of imaging sensor was the collection and correlation of
empirical data, in an attempt to relate the support requirements
listed in Figure 2 to various characteristics of the sensor
system, For example, the weight of a simple TV imaging system
was found to be proportional to the diameter of the camera tube.
Such empirical relations reflect the current state-of-art,
Future capabilities must necessarily be speculative. 1In those
few cases where sources of increased capability could be clearly
foreseen, the presumed effect of state-of-art advances on the
scaling laws were noted. If insufficient empirical data was
available, or if no satisfactory empirical correlation between
support requirements and the sensor characteristics was dis-
covered, theoretical relations were developed.

The second step in obtaining scaling laws was to re-
late the important sensor system characteristics to measurement

IIT RESEARCH INSTITUTE
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specifications and orbital parameters. Only in a few cases can
the experiment support requirements be deduced directly from
the measurement specifications and orbital parameters independ-
ently of the imaging system. That is, the first step in the
analysis identified which sensor system characteristics determine
the support requirements, the second step identified how those
characteristics depend upon the measurement specifications and
orbital parameters. For example, the weight of a simple TV
imaging system depends upon the camera tube diameter, which in
turn is related to the desired ground resolution, scene area,
spacecraft altitude, and the TV line capability of the camera
tube.

Finally, the scaling laws for each type of imaging
system were organized in a manner which facilitates the esti-
mation of support requirements, identifies the measurement
specifications and orbital parameters which affect the support
requirements, and delineates the sensor system variables which
may be manipulated by the experiment designer. This systematic
organization was expressed in a "logic diagram' for each
imager type. Figure 3 shows, for example, a logic diagram for
orbital TV imaging systems. Each box in the diagram represents
a step in the system design, each balloon represents estimation
of a support requirement. Figure 4 summarizes the scaling laws
which are designed for use with the logic diagram. These figures
are included here for illustrative purposes; a detailed explana-
tion is given in Volume IV,

It should be emphasized that no artificial selection
of sensor system variables was made in the analysis. For example,
the exposure time selected for a TV system must be long enough
to result in a satisfactory signal-to-noise ratio and must be
short enough that motion of the system, or the imaged object,
does not degrade the spatial resolution, These constraints are
identified by the scaling laws and their method of employment,
but no specific exposure time is implied by the scaling laws.

IIT RESEARCH INSTITUTE
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Such freedom of choice may be used by the experiment designer to
effect tradeoffs between the support requirements. The perfor-
mance of such tradeoffs was beyond the scope of the study, and
hence the experiment support requirements actually estimated
must be regarded as representative, not optimum or minimized.,

A complete derivation of scaling laws for ultraviolet,
visual (TV and film), infrared scanning, passive microwave,
and radar systems is provided in Volume IV-Imaging Sensor System
Scaling Laws. Scaling laws for infrared television systems
are presented in a classified appendix to Volume IV,

6. EXPERIMENT SUPPORT REQUIREMENTS

Once the measurement specifications were defined,
and an orbit selected for achievement of the measurements,
subsystem support requirements were estimated for imaging
experiments at Mars, Venus, Mercury, and Jupiter using the
sensor system scaling laws. Each experiment consists of a
specific imaging system operating in a specific mode providing
imaging data to achieve a specific objective. Thus the experi-
ment support requirements represent a synthesis of exploration
objectives, orbital mechanics, and sensor system design.

In general, the estimated support requirements are
sensitive to the orbital parameters, the imaging system design,
and, of course, the scientific requirements. For each experi-
ment, the support requirements reflect minimal achievement of
the scientific objective (with due regard to orbital mechanics
constraints) as defined by the worth curves associated with
the measurement specifications. Different support requirements
may be obtained by selecting a different orbit, or by changing
the design of the sensor system. If such changes are skill-
fully made, the measurement achievement need not suffer. No
attempt was made in this study to define explicitly the limits
of support requirement flexibility for each experiment. There-
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fore the support requirements obtained must be regarded as
representative of requirements demanded in an actual mission,
In some individual cases, similar experiments were compared
with one another as a test of representativeness,

The following paragraphs summarize, in gross terms,
the experiment suppbrt requirements of orbital imagery as
might be used in unmanned planetary exploration. Only the
weight, average power, and peak data acquisition rate require-
ments are emphasized here, Additional support requirements
for individual experiments are tabulated in Volume V-Support
Requirements for Planetary Orbital Imaging. The support
requifements quoted here, and in Volume V, are based upon
imaging system capabilities consistent with the current or
near-future state-of-art. Some speculation on likely advances
in the state-of-art have been provided in Volume IV, but the
support requirements summarized here do not reflect these
speculations.

All the visual imaging experiments suggested by the
study employ imaging systems which are within reach of the
current state-of-art, except for those few experiments which
require ground resolutions of less than five meters. 1In fact,
it appears that ground resolutions on the order of one meter
are not currently feasible with any type of orbital imaging
system, Most of the atmospheric imaging experiments at Mars
and Venus can be performed by one-half-inch vidicon systems
each weighing eight pounds, consuming eight watts of power
(average), and acquiring data at a rate of 25,000 bits/sec, or
less, assuming six binary bits per resolution element. At
Jupiter, high imaging altitudes and elliptic orbits require a
two-inch RBV (return beam vidicon) system using about 30 watts
of power and a data rate of 4 x 10° bits/sec. For 20 km ground
resolution, the system weighs about 50 pounds, but for 3 km
ground resolution, the system grows to 300 pounds because of
the large optical subsystem required., Support requirements for
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surface imagery at Mars and Mercury are 15-30 pounds, 15-30
watts, 5,000-500,000 bits/sec for regional scale imagery; 30-60
pounds, 30-100 watts, 10°-107 bits/sec for local scale imagery;
and 300-500 pounds, 30-300 watts, 10’-10% bits/sec for detailed
scale imagery.

Orbital radar imaging experiments are not feasible
at Jupiter, at least from the orbital altitudes considered here,
and enormous amounts of pbwer are required. At Mars, Venus,
and Mercury, the weight, average power, and peak data acquisi-
tion rates are 200-300 pounds, 300-500 watts, about 10,000
bits/sec for regional scale imagery; 300-400 pounds, 200-300
watts, 10°-10° bits/sec for local scale imagery; and about
1000 pounds, 1000 watts, and 106'bits/sec for detailed scale
imagery., Ground resolutions of less than five meters are not
feasible.

Except at Jupiter, all the atmospheric infrared
imaging experiments can be performed by scanning systems weigh-
ing two to six pounds, consuming about two watts of power, and
collecting data at a peak rate of less than 7,000 bits/sec.
Regional scale surface imagery at Mars and Mercury requires
2-10 pounds, about five watts, and less than 15,000 bits/sec,
while local scale surface imagery requires 50-100 pounds, 5-30
watts, and about 109 bits/sec, Detailed scale imagery and
atmospheric imagery at Jupiter do not appear to be feasible,

Surface passive microwave imagery from orbit is

feasible only at Mars and Mercury, and then only for regional
scale imagery. A typical imaging system is estimated to weigh
about 500 pounds, consume 100 watts of power, and collect
about 2000 data bits/sec, Atmospheric imaging experiments are
applicable only to Venus and Jupiter. At Venus the atmospheric
experiments require 20-100 pounds, 20-80 watts, and 200-2,000
bits/sec. At Jupiter the experiments desired are not feasible.
Ultraviolet scanning systems can be used at Mars,

Venus, and Mercury, For three km ground resolution, a typical
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system weighs about two pounds, consumes only one watt of power,
and collects data at rates from 2,000 to 250,000 bits/sec,
depending upon the orbit. A ground resolution of 200 meters
can be achieved by a 50 pound system with a 10° bit/sec data
rate and one watt average power.

Multispectral scanning systems are likely to be very
useful at Mars, Venus, and Mercury. Support requirements for
such systems will be similar to those for infrared scanning
systems, although the data acquisition rates will depend upon
the number of spectral channels required. Multifrequency radar
systems might be useful at Mars and Venus, especially for study
of atmospheric precipitation. The support requirements are
likely to be somewhat more demanding than for monochromatic
radar systems., Passive radiofrequency imaging systems would be
especially useful at Jupiter, but the design of such systems
is so speculative that scaling laws have not been derived
during this study.

~ One of the more important tradeoffs found common to
all the imaging systems studied is that imagery obtained from
an elliptic orbit over any significant altitude range results
in increased weight, power, and data acquisition rates as com-
pared to use of a constant, or nearly constant, imaging altitude.
Thus experiment support requirements can frequently be traded
off against the velocity change of the orbit capture maneuver
and the mission duration required to achieve the desired
amount of planetary coverage.
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