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A RAPID GRAPHICAL TECHNIQUE FOR OBTAINING RADAR
DATA TIME HISTORY FOR CLOSE EART. ORBITS

INTRODUCTION

R In the near future, manned crbital flights will be of several days
A duration. The need for quick estimates of radar tracking coverage for
o | given radar locations will be greater than for previous six and twenty-

£ two orbit Mercury flights. A graphical method which yields this data
quickly and accurately would be advantageous. The purpose of this
report is to present such a method.

METHOD AND RESULTS

The main assumption made in the report is that when in view of a
radar, the great circle arc formed by the ground track is a straight
line when viewed from above. That is, when looking at a polar plot
centered at the radar the projection of the orbit path cato this plot
is a straight line. It was found that this assumption. coupled with
the use of a stationary earth, caused a nearly constant bias in the
time over the station. This bias is reflected in the scales in this
report. On the polar graphs in this paper, the radial lines indicate
azimuth angle, and the concentric circles are taken to indicate both
range and elevation angle with respect to the radar. The azimuth angle
is measured positive clockwise from North, and positive elevation angles
are measured vert.cally from the horizontal plane to the vehicle position.

The proper orientation of this straight line ground track for a
given orbit and radar location is fornd by means of two numbers. The
first number is the maximum elevatio 1 angle of the vehicle as seen by
the radar. For a given circular orb(t altitude this angle will define
the distance between the vehicle and the radar at the time of closest
approach. The second number is the 1zimuth angle corresponding to the
maximum elevation angle. Knowledge f these two parameters and the orbit
altitude enables one to construct a cstraight line representing the ground
track. Thus, one finds the radial liie corresponding to the given azi-
muth, follows it out to the given ele ation circle, and at that point
draws the perpendicular to the radial line. After drawing the ground
track on a polar map, radar data time histories are found as explained
in the following examples.




Figure 1(a) represents the situation near a California TLM-18
radar, in the first orbit oS a multi-orbit mission. The graph and the
scales below correspond to a 90 nautical mile circular orbit. The azi-
muth angle corresponding to the point of closest approach is specified
as 153 degrees. A maximum elevation angle of 4.0 deg. is given. There-
fore, in order tc construct the ground track, go out from the center on
the radial line corresponding to 153 deg. lay off a length equal to the
distance on the elevation angle scale from 70 to 4.0 degrees. If a
perpendicular is now drawn, it will coincide with the line representing
the ground track. Also note the coverage circle for a 5 deg. elevition
angle shown there.

It now remains to briefly describe how tue data of figure 1(b) was
obtained from this graph. First, a corvention is established that zero
time will correspond to zero elevation angle. Marking the ground track
at the distance from the center corresponding to zero degrees elevation,
lay off along the ground track a length equal to the distance from zero
to one of the time scale at the bottom. Now measure the distance from
the center to this point. Lay off this distance from the center of the
elevation angle scale, and read 2.5 degrees. This is the reading corre-
sponding to the elevation angle at 1 minute on figure 1(b). By a
straightforward use of the scales, and figure 5, the other two para-
meters are plotted easily.

Figure 2(a) presents another example where the azimuth angle was
350 deg. at a maximum elevation angle at 72.5°. The data of figure 2(b)
were obtained from this polar graph and its associated scales. The
orbital altitude in this case was 140 nautical miles.

Figure 1(c) and 2(c) show the results computed on a digital com-
puter. The comparison of these results with the corresponding graphical
results is very favorable.

Circular orbit examples are shcwn in figures 3(a) and 4(a) where
the azimuth angles were 182° and 147° for corresponding merimum elevation
angles of 65° and 10° respectively. The scales and plots were prepared
for 100 nautical mile altitudes. Figures 3(b) and 4(b) are the graphic
results obtained from figures 3(a) and (a), while 3(c) and 4(c) depict
the computer results. From a comparison of 3(b) and 3(c), 4(b) and
)(c) results show that the graphic method is very accurate for deter-
mining circular orbit pointing data.

Figures 6 and 7 provide additional information relative to con-
struction of the scales at the bottom of the polar graphs in this paper.
It is anticipated, however, that enough charts are included in figures
8(a) - 1 for making practical. use of this method without further con-
struction of scales, as scales and plots were prepared for orbits from



G0 to 200 nautical miles altitude in increments of 10 nautical miles.

In order that the time scale for a given orbital altitude be the
same no matter what orientation the ground track has, it was necessary
to use ground range as the range scale, since grourd range is a linear
function of time. Conversion to slant range is facilitated by figure 5,

which shows slant range as a function of ground range for different
orbital altitudes.

Earth rotation again, is not considered in the construction of the
ground tracks, and the effect of this is borne out in table I, where it
is seen that the total contact time for an actual case will be greater
than that given by the graphical technique. It was therefore necessary
to build the bias into the time scales. This was done; therefore, earth
rotation effects are essentially included in the time scales at the

bottom of figures 8(a) - 1(e). Based on the data in table I, a mean
bias of .26 min was used.

CONCLUSION

In conclusion, comparison of the graphical results with the com-
puted results for elliptical and circular orbits reveal that the graph-
ical technique provides a rapid, practical way of determining radar
data time histories for near earth orbits.
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(a) Pointing data scales for 90 nautical mile orbital altitude with polar graph showing the orb:l ground track of the vehicle.
Figure 1. - Radar tracking data of elliptical orbit (na-m nm, hv-ﬂ nm, i=32.5°) for California TLM-18 radar, first orbit, first pass.




Time, t, minutes

Figure 1. - Continued.
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(b) Radar pointing data using values from polar graph (Figure 1 (a) ).
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(c) Radar pointing data using actual values.

Figure 1. - Concluded.
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(a) Pointing data scales for 140 nautical mile orbital altitude with polar graph showing the orbit ground track of the vehicle.

Figure 2. - Radar tracking data of elliptical orbit (h a-l44 nm, h_*87 nm, i=32.5°) for Muchea VERLORT radar,

p
seccnd orbit, second pass.
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Figure 2. - Continued.
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(a Pointing data scales for 100 nautical mile orbital altitude with polar graph showing the orbit ground track of the vehicle.
Figiere 3. - Radar tracking data of circular orbit (h=100 nm, i=32°) for Bermuda, second orbit, second pass.
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