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Fig. 1 Minimum number of satellites required as a
function of altitude and desired measure of effectiveness.
Note: Costs of achieving all orbits are equal.

meaning. the integer approach i attempted. In actuality, a
linear programing solution will generally conform quite
closely to the one obtained using integer programing tech-
nigues.

Ezample 1

The first problem selected for the purpose of illustrating the
outlined technique of obtaining & minimum-cost satellite
overlay consists of seven links that form a global belt of sta-
tions having a small variation in latitude. These links are:
Japan = Midway 2 Hawaii > California & Washington,
D. C. 2 Asores > France » Turkev. It is assumed that all
links require the same MOE. That is, the satellite overlay
will provide a probability of outage which is less than 0.01
(4: = 0.01). Inclination angles of 0°, 30°, 45°, 60°, and 90°
and discrete altitudes from 2000 to 10,000 naut miles at 2000-
naut-mile intervals were chosen. Assumed cost values used
in this problem are found in Table 1. Values for P,;. were
obtained using the technique outlined previously. The re-
sults for this example show & mix consisting of a single alti-
tude and inclination. The optimum orbit is 6000 naut miles
at 30° inclination. The system overlay required 35 satellites
at a total cost of $105.000.000. Results obtained bv linear
programing rather than integer programing gave 34.78 satel-
lites at an orbit of 6000 naut miles and 30° inclination; round-
ing this off, results are identical. This is not the case for
example 2 below.

Example 2

Slightly different cost figures are assumed (see Table 1),
and the orbit altitude is fixed at 6000 naut miles. The in-
clination angle was permitted w varv as in example 1. The
F.s (for H = 6000 naut miles: and 4, sre the same as those
in exampie 1. The results show an onumum mix of 27 satei-
iitex a1 & 60° and one sateliite in & polar orbit (90°) for & towal
cost of $66.000.000. The linear program results for this
problem indicate 25.56 sateilites at « 608° and 2.07 satellites a:
20°.  Roundoffs w the next highes: integers which guaranvee
satisfaction of the constraint equauon gve 26 at 50° and 3 &t
90°. whier would raise the cost bv $3.7.000.000 or 69 com-
pared to the integer-program results. The cost estimates of
example Z were used in ihe inieger program o obtain mip-
mum cosi mixes of satellites in vanous fixed altitude con-
figurations: resuits are ;iven in Tsble 2.
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Esample 3

The minimum number of satellites required tw satisfy all
coverage conditions simultaneously was also obtained. The
method in this case assumes equal costs for placements of
satellites. Under this assumption, minimum cost criteria
will result in the minimum number of satellites for a specified
MOE. Results are shown in Fig. 1 for each of the altitudes.

Conclusion

A method has been developed using integer programing
techniques for optimizing a satellite configuration to satisfy
global communication systems using minimum cost criteria.
The technique may also be applied to any satellite overlay
used to optimize presence of two satellites in the line-of-sight
path of ground observers, as in navigational or satellite
weather systems. Several examples have been presented,
both for satisfying minimum cost criteria and for minimum
number of satellites.
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Venus Swingby Mode for Manned
Mars Missions

RoBerT L. Soun*

TRW Space Technology Laboraiories, Redondo Beach,
Calif.

PROMISING new method for reducing Earth return

velocities from Mars stopover or flvby missions is the
Venus swingby mode. which utilizes the gravitational field
of Venus to decelerate the spacecraft on the return leg, or w
accelerate it on the outbound leg, to achieve a more favorable
calendar date for return from Mars. Earth entry velocities
are reduced from a maximum of 70,000 to 50,000 fps or less,
without increases in mission propulsion requirements. Venus
swingby modes have been examined previously by Ross' and
others in connection with the 1970-1972 Mars-Venus dual
planet fivbvs: it is the purpose of this note to show the general
applicability of the Venus swingby technique to both Mars
stopover and fivby missions for all mission opportunities (14
opportunities were examined. covering the period from 1971 to
1999;.

Launch opportunities for Mars missions are associated with
Mars-Earth opposiuons. and precede by three to four months
the opposition dates. which occur on the average every 26
months  Beecause of the eccentricity of the Mars orbit. the
IMis8IOn Trajectory profiles change Irom one opposition 1o the
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Materia: presented in this note was developed during & study of
tne manned Mars landing and recurn mussion for the NASA Ames
Hesearch: Center unger Contract No. NAS 2-1404  The helpfu?
comments of C. A. Syvertson and H. Hornby of the Ames staff
are gratefuliv acknowledgea.
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