POINTING AT GEOSTATIONARY SATELLITES

Asmore of us becomeinvolved with satellite-relayed TV, it becomesincreasingly
important to know how to point toward a geostationary satellite. The general problem can
be stated as follows:

An antennais located at a known point on the surface of the Earth (latitude, o, and
longitude, A, are known). It isdesired to point the antenna at a geostationary satellite
located 22828 nmi. from the center of the Earth in the equatorial plane directly above
longitude A, . Find the azimuth (angle measured east from north in the horizontal
plane) and eevation (angle between the line of sight to the satellite and the loca
horizontal plane) of the line of sight (LOS) to the geostationary satellite.

There are several waysto attack this problem, and the simplest take advantage of the fact that
the geometry is fixed relative to the Earth (the antenna site and the satellite are both
"geostationary").

The vector from the center of the Earth to the antenna site, T, , isgiven by

F, =r,CO0SA COSS i +r, Sin) cosd | +r, sind k

where

My is the distance between the antenna site and the center of the Earth, and

A isthe longitude of the antenna site (measured positive toward the east),
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) isthelatitude of the antenna site (measured from the equatorial plane,

positive to the north).
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and T, j, k , are unit vectorsin Earth-fixed coordinates with k out the north
pole, i inthe equatorial plane pointing toward 0° longitude point and

such that (T, j, k ) isaright-handed coordinate triad (] points to the 90°
east longitude point on the equator - in the Indian Ocean).

The vector from the center of the Earth to the geostationary satelliteis
o =rg COSAg I +1; sinkg |

Notethatd, © O sinceall geostationary orbits must be equatorial (i ° O°)
The vector from the antenna to the satellite, T .5, can be calculated from

fos = Ig = Ta-

Now that we have T, s , al that is necessary isto expressthis vector in terms of
local horizontal coordinates and then determine the azimuth and elevation angles. The

coordinate transformation between the Earth fixed (i, j, k) axesand alocal set (¢ j¢ k¢
such that 7¢ points south, j¢ points east, and k ¢ points up is given by



éx¢l &ind 0 - cosdU€cosh sink QU &l
éu é ne . 0 éu
yg=a0 1 0 gesink cosh Oy avg

g2 &osd 0O sind HE O 0 1§ &z

&l €cosAsind sinAsind - cosdu exu
€ (ﬂ_e . u eu
d¢=a -sink CoSA 0 4 a&Yg

&4 &osA cosd sinA cosd sind g &zg

where (x, y, z) are components of any vector in the Earth fixed polar/equatorial coordinates
and (x¢ y¢ z¢) are the components of the same vector in local coordinates. The vector we
want to transform is T, . L€t the components of T, .5 be denoted by

Fos =al +bj +ck,where

a="rg COSAg - I, COSA COSO
b=r;cosA; - r,sini cosd
C=r,SiNd

The components of the transformed vector, T, ., = a¢i ¢+ b¢j ¢+ ctkd are a¢, be, and cd,
and can be calculated using the transformation matrix. Specifically,

at=a cosh sind+b snA sind - ¢ cosd
b¢=-a sinA+b cosA
ct¢=a cosA cosé+ b sinA cosd +cC Sind

Now all that remainsisto determine the azimuth and elevation angles given ag, b,
and cd. The geometry isas shown in the figure below:
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Theangle e istheelevation and the angle o istheazimuth, o.. An easy way to
carry out the calculation isto rewriter, . as



Fos = A +ctkd
where

A=ad ¢+bg¢
Thedevation, €, can now be written as

cose =AX ./ (W |FLOS|)
Thisuniquely determines € since-90" <= <=90’.

Theazimuth, o = 90" + 3, can be determined from
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Knowing both sina. and cosa. , we can uniquely determine (0 Eo < 360"). [In
FORTRAN usethe ATANZ function.]

SATELLITE POINTING PROBLEM

The latitude and longitude of Houston are (30.0N, 95.5W) . Determine pointing angles

(azimuths and elevations) for ageostationary satellites located at longitudes between 80°W
and 140°W (from 220°E through 280°E) at 1" intervals.



