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[57] ABSTRACT

An improved method for continuously determining the
orientation of a moving user platform at a selected time
fix. A Global Positioning System (GPS) is used to carry
out the method and is made up of a plurality of twenty-
four (24) earth-orbiting satellites wherein each satellite
continuously transmits a pair of distinctively encoded
RF signals. The GPS system is also provided with a

computerized GPS receiver apparatus for use on a mov-
ing platform. The receiver apparatus is generally com-

nricad of a rotatable ant a a ginole channal m i
prised of a rotatable antenna, a single channel muld-

track geodetic receiver, a receiver microprocessor, and
an orientation computer with a display. The receiver
processor selects an optimum group of four satellites to
be tracked. The orientation computer during antenna
rotation selects a series of four equidistant points about
the antenna periphery for receiving signals from each
tracked satellite. The signals are transformed by the
computer so as to provide a graphic data display output
in near real time of the biased range (Doppler phase
measurement) of each optimum-tracked satellite in rela-
tion to the moving platform. The biased range data of
each graphic display for an optimum-tracked satellite is
represented by a series of relatively spaced biased range
data lines wherein any point on each line represents the
biased range of the satellite in near real time. A common
time fix is selected for the graphic data so that the
change-in-range of each optimum-tracked satellite is
analytically obtained with respect to at least one pair of
diametrically opposed points of the series of four equi-
distant points of the antenna. The change-in-range is a
function of predetermined equations so that the orienta-
tion of the rotating antenna and thus that of the platform
is determined in terms of pitch, roll and yaw. By reason
of the improved method for continuously determining
orientation of a moving platform in relation to the earth,
the method assists in accurately setting, e.g., 2 platform
fire control system whether the platform is on or above

the earth’s surface

16 Claims, 8 Drawing Figures
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METHOD FOR DETERMINING THE
ORIENTATION OF A MOVING PLATFORM

This invention relates to an improved method for
continuously determining the orientation of a moving
platform. More particularly, the invention concerns an
improved method for continuously determining by use
of a Global PUBI.I,IUII!ALé System \uPu; the orientation of

a moving platform at a selected time fix in relation to
the earth’s ellipsoid.

BACKGROUND OF THE INVENTION

Varions antenna receiver svstems have been desiened

Various antenna receiver systems have been designe,
in the past for determining either the transmitter direc-
tion or receiver position. For example, U.S. Pat. No.
2,861,264 to Lair relates to an antenna receiver system.
The system is generally comprised of a single receiver
antenna that not only includes rotary motion ahout its
axis but also harmonic motion of the antenna between
two points. The system also includes a comparator cir-
cuit for determining the direction and magnitude of the
source at the receiver antenna location during its com-
pound motion upon system use. U.S. Pat. No. 3,798,648
to Lammers discloses a double antenna direction find-
ing system. The system is provided with one antenna
being movable relative to and spaced from the other so
as to obtain a frequency difference that can be con-
verted into visual information. U.S. Pat. No. 4,042,929
to Dorey relates to a ground beacon navigation system
for a helicopter. The system is provided with two anten-
nas affixed to the outer ends of the rotary blade. An
electronic signal processing circuit and display arrange-
ment is connected to the antennas for processing the
received beacon signals so as to indicate the spatial
coordinate position of the helicopter. U.S. Pat. No.
4,060 809 to Baghdady discloses a system having at least
one ground station for tracking an airborne moving
object and for determining the position of the tracked
object in spatial coordinates. The ground station system
is generally comprised of a pair of orthogonally related

antennas that are movable in relation to each other.

These antennas function to radiate signals to and for
receiving signals reflected from the object being
tracked. The electronic components associated with the
antennas transforms the received signals into visual
information of azimuth, elevation and range of the ob-
ject. However, none of the aforediscussed references,
whether taken alone or in any combination, remotely
suggest an improved method for continuousiy deter-
mining the orientation of a moving platform in relation
to the earth by the use of a Global Positioning System
(GPS) that is provided with a computerized GPS signal
receiver apparatus which is mounted on the platform
and which includes a :ulgu: rotary antenna. The method
includes, among other things, the steps of processing the
GPS satellite signals received by the platform so as to
continuously track an optimum group of four satellites
despite the irregular and relatively low dynamic mo-

tinne nf th, 3 1 1
tions of the platform about and with respect to its axis as

the platform moves along such axis (heading); and then
transforming the signals of the tracked satellites re-
ceived by a selected series of equidistant points about
the antenna periphery into a graphic display of range
data of each tracked satellite that can be interpolated at
a selected and common time fix for enabling the mathe-
matical determination of platform orientation thereat.
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SUMMARY OF THE INVENTION

is to provide an improved

methad for continuously determinine the orientation of

method for continuously determining the orientation o
a moving platform by the use of a GPS system having a
computerized GPS signal receiver apparatus mounted
on the platform for continuously tracking the signals
from an optimum group of four GPS satellites despite
the relative effects of 2 platform moving in more than
one direction.

Another object of the invention is to provide an im-
proved method for continuously determining the orien-
tation of a moving platform by the use of computer
techniques for transforming signals of an optimum
group of four tracked GPS satellites into a display of
interpolated graphic range data versus near real time
between the platform antenna and each optimum satel-
lite so as to enable a2 mathematical solution of the plat-
form orientation at a selected time fix in near real time.

Still another object of the invention is to provide an
improved method for continuously determining the
orientation of a moving platform by rotating the plat-
form antenna at a predetermmed speed so that the an-
tenna will continuously track an optimum group of four
GPS satellites within the fleld of view of ihe antenna
despite movements of the platform along, about and
with respect to its axis.

A summary of the invention is to provide an im-
proved method for continuously determining the orien-

totine ~AF A wmvsn nlatfarm
tation of a moving platform in relation to the earth’s

ellipsoid whether the platform is on or above the earth.
The method is carried out by a GPS that is provided
with a plurality of earth-orbiting satellites. These orbit-
ing satellites are arranged in a series of three longitudi-
nal planes in angular relation to each other and the
earth’s equatorial plane. Each satellite continucusly
transmits a pair of encoded signals at predetermined
L-band frequencies that are direcied in a radial direc-
tion towards the earth’s surface.

The GPS is also provided with a computerized GPS
signal receiver apparatus mounted on a moving user
platform The apparatus is generally comprised of a
single rotating antenna, a receiver and a receiver micro-
processor. During processing of the signals of a series of
GPS satellites within the field of view of the platform
antenna, the receiver and its processor function to con-
tinuously track an optimum group of four satellites as
the GPS satellites and underlying platform move rela-
tive to each other during invention use.

The apparatus is also provided with an orientation
computer and a range data graphic display connected
thereto. The computer is connected to the processor
output. A device for continuously indicating the angu-
lar rotation of the antenna in relation to the platform
axis is connected to the antenna and the computer. A
master clock is connected to the antenna angular rota-
tion indicating device and the receiver for synchroniz-
ing the operations of the receiver, the processor and the
computer. Upon tracking an optimum group of four

satellites, the computer is operated to select a series of
na periphery.
The received signals of each tracked satellite at the
selected series of four antenna points are transformed by
the computer into a graphic display output of more than
one series of relatively spaced biased range data points
of a tracked satellite with respect to near real time. The
graphic display of range data points for each tracked
satellite are interpolated so as to indicate the change-in-

four egaunidistant bpoeints about the an

iCur cquidisiant poOlls atour LAc all
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range of each satellite at a selected and common time fix
in near real time with respect to each pair of diametri-

cally onnoged noints of a2 ceriec of four eguidictant
cailly oppoeseC points oI a series ol Iour equigistant

points about the antenna periphery. The pitch, roll and
yaw orientation of the rotating antenna and thus of the
platform is then mathematically determined by using
predetermined equations that are functions of the
change-in-range of each optimum-tracked satellite

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic view of a Global Position-
ing System (GPS) that embodies the present invention.

FIG. 2 is an enlarged diagrammatic view of FIG. 1
with parts added and other parts removed to further
illustrate details of the invention in relation to the GPS
and a moving GPS signal receiving platform.

FIG. 3 is a diagrammatic view of a single rotating
arm antemna of a moving platform in more than one
operative position for receiving signals from a group of
four optimum-tracked satellites and illustrates further
details of the invention.

FIGS. 4A and 4B are two graphic views wherein
each view indicates plotted and interpolated biased
range data of an optimum-tracked satellite with respect
to a rotating antenna on a moving platform.

FIG. 5 is a schematic of the computerized GPS signal
receiver apparatus for use on a moving platform.

FIGS. 6A and 6B is a schematic of the flow chart for
the apparatus of FIG. 5.

DETAILED DESCRIPTION OF THE
INVENTION

With further reference to FIG. 1, an improved
method for continuously determining the orientation of
a moving user platform 10 in relation to the earth’s
surface 12 (ellipsoid) at a selected time fix in near real

Global Pagitionino Svgtem
LFi0la: rosnIcmung Sysifin

(GPS) 14. The GPS includes a computerized GPS sig-
nal receiver apparatus 16 which is mounted on the plat-
form as generally indicated in FIG. 2. Although plat-
form 10 is shown as a marine vessel in FIG. 2 it could
be, for example, a rotary wing aircraft, a fixed wing
aircraft with low dynamics with respect to the aircraft
axis or a multi-wheeled vehicle. The earth rotates about
its north-south axis 18 in the manner shown in FIG. 1.
The GPS is generally made up of a plurality of twenty-
four (24) earth-orbiting and relatively spaced satellites
or space vehicles 20 with the plurality of 24 satellites
being arranged in three groups of eight (8). Each group

or constellation of 8 gatellites ic dignoged in its regnen-

n of 8 satellites is dis posed in its respec
tive plane 22 of a series of three longitudinal planes in
relation to the earth. A satellite 20 of a given group is
arranged in a nearly circular orbital path in its respec-
tive plane about the earth and in equal spaced relation to
each other. A satellite in its orbital path of a plane 22 has
an altitude of about 20,000 kilometers above the earth.
Each plane 22 is disposed in angular and spatial relation
to each of the other two planes so as to form an angle of
approximately one hundred twenty (120) degrees be-
tween adjacent and intersecting planes 22. At the same
time, each plane 22 is disposed in angular relation to the
equatorial plane 24 so as to form an angle of about
sixty-three {6'“ degrees therebetween. The time period
of a satellite to travel in its planar orbit about the earth
is approximately twelve (12) hours.

Each satellite is battery powered with solar recharge-
able batteries so as to continuously transmit a pair of
encoded pseudo navigation bearing signals at predeter-

time is carried out by a
fime 1s carried out by a
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mined L-band frequencies of L of 1227.6 megahertz
(MH) and L7 of 1575.42 MH. One reason for these pair

of sionale from esach catellite ic to comnengate for the
¢l signais Ircm £ach satellite 15 1¢ compensate Ior (he

adverse effects of the ionosphere which would other-
wise result in inaccurate determination of the biased
rang between a satellite 20 and platform 10 if only one
signal were transmitted by the satellite. The pair of
transmitted signals of each satellite are distinctively
encoded so that a platform 10 can identify the signals of
each satellite within the field of view of a rotary arm
antenna 26 of receiver apparatus 16.

As best shown in FIG. 6A, the antenna is generally
made up of a2 longitudinally extending arm 28 of a prese-
lected length and a shaft 30 for concentrically and rotat-
ably mounting the arm on platform 10. An electric
motor 32 is provided with an output shaft 34 that is
connected to the lower end of shaft 30. During opera-
tion of receiver apparatus 16, motor 32 continuously
rotates arm 28 at a predetermined speed in a clockwise
direction for receiving signals from a series of satellites
20 within the field of view of antenna 26 as depicted in
FIG. 2.

A single channel geodetic receiver 36 of receiver

apparatus 16 is mounted on platform 10 in an appropri-
appa: unt 1 piatiorm 2% 1 an appropn

ate manner and is operatively connected to antenna 26
as shown in FIG. 5. A master clock 37 is connected to
the receiver and generates a 10.23 MHz signal which is
a multiple of the frequency of the encoded signals trans-
mitted from each satellite 20. The receiver’s single
channel is multiplexed to resolve the parallel date
streams of the satellite signals that are received by the
antenna into a serial data stream. The receiver is also
provided with a receiver microprocessor 38 that has
stored therein all of the coded signals of each GPS
satellite 20. By virtue of the Doppler effect and the pair
of signals being transmitted from each satellite, the

nhace ghift of the received siognals from =ach gatellita
paase sl Cf o€ reCaived signais irom €aca saifiuild

within the antenna field of view are correlated and
matched with the satellite signals stored within receiver
microprocessor 38. This matching by processor 38 of
stored and received satellite signals not only indicates
the time difference between matched signals but also
the biased range (which is equal to an unknown con-
stant plus Doppler change-in-range measurements) be-
tween each satellite of the series of satellites within the
antenna field of view and platform 10 at a peripheral
point about rotating antenna 26.

The output of microprocessor 38 is connected to the
input of a p]atform orientation computer 40 of apparatus

16 ag illustrated in FIG, §. The comnuter includes 2

as illustrated in FIG. The computer includes a
selectively changeable data base. The data base is
changeable to compensate for, among other things,
change in the ephemeris of a satellite 20, error of either
clock 37 or the clock of one or more satellites 20, rela-
tivistic effects between platform 10 and any satellite,
selective almanac information and local weather condi-
tions. One advantage of computer 40 in having a selec-
tively changeable data base is that the computer not
only compensates for satellite signal propagation de-
lays, but also clock errors. Because of the data base of
the computer and the feedback from computer 40 to the
receiver microprocessor, the signals of an optimum
group of four satellites of the series of cafp‘lhfpe that
were mmally matched by receiver microprocessor 38,
are now selected and tracked. Since the data base of
computer 40 assists in minimizing the errors of signal
delay, clock error, etc., the biased range between the
platform and each optimum tracked satellite is deter-
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mined with greater accuracy than would be the case by
receiver microprocessor 38 itseif. Hence, microproces-
sor 38 and computer 40 of receiver apparatus 16 on
platform 10 in selecting an optimum group of four GPS
satellites for tracking assures that the orientation of the
moving platform at a selected time fix will be deter-
mined with minimal error as will become more appareit
hereinafter.

As further depicted in FIG. 5, a device 42 is con-
nected to the output of rotating antenna 26 that indi-
cates the angular rotation of the rotating antenna in

ralotinem ta th 3 1 1
relation to the axis (heading) of moving platform 10

Master clock 37 is also connected to device 42 and
functions to synchronize the operations of device 42,
and computer 40.

The outer ends of rotating arm 28 in moving in a
circular and planar path have a multitude of peripheral
positions for receiving signals from a group of four
optimum-tracked satellites, A, B, C and D as shown in
FIG. 3. Two orthogonaily related operative positions of
rotating arm 28 are also shown in FIG. 3. Because of
movement of platform 10 in more than one direction,
along, and with respect to its axis (heading), rotating
antenna arm 28 is normally disposed out of and in angu-

afa
lar relation to its reference ynauc as indicated by dot-

dash line 44 in FIG. 3. In order to determine the orienta-
tion of platform 10 at a selected time fix, computer 40 is
advantageously programmed to select a series of four

equidistant peripheral points 1, 2, 3 and 4 of rotating
arm 28 as it moves through its circular path. It is noted
that the selected peripheral points form part of a circle
within the circular path of the antenna, and with the
center of the circle being coincidental with the axis of
rotating shaft 30. Computer 40 is normally programmed
to normally select these series of points in synchroniza-
tion with the output of device 42 so that diametrically
opposed points 1 and 3 of the selected series correspond
to the heading of platform 10 along its axis. In order for
rotating arm 28 to maintain tracking of a group of four
satellites in conjunction with the movement of platform
10 along, and with respect to its axis (and with relatively

low dynamics with respect thereto), the arm should

have a lancth of about two metere and aleo be rotated

have a length of about two meters and also be rotated
by motor 32 at a predetermined speed of about six revo-
lutions per second. Depending on the design of antenna
26, compensation may be necessary to account for the
effects of antenna spin. Thus, the time period for each
revolution of arm 28 is approximately one hundred sixty
milliseconds (160 ms) or more.

The received signal of each optimum tracked satellite
A, B. C or D at any one of the selected series of four
equidistant points, 1, 2, 3 and 4 of the antenna is then
transformed by operation of computer 40 into a biased
range data point output for each satellite. A graphic
display 46 is connected to the output of computer 40

and functions to n'lnf the range data pnlnf of each

tracked satellite in near real time. As shown in FIG. 4A,
a repeating but different series of four range data points
X1, X2, X3, X4; and then Xy, X2, X3, Xy, etc., are
plotted. Each data point indicates the biased range be-
tween tracked satellite A and platform 10 in near real
time. In other words, as antenna arm 28 rotates on mov-
ing platform 10, each of the selected series of four equi-
distant antenna receiving points 1, 2, 3, 4 has a different
biased range in relation to relatively moving and over-
lying optimum-tracked satellite A. The different biased
range values are indicated by the first series of four
graphically displayed range data points X, X2, X3, and
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Xg; the next repeating series X1, X2, X3, and Xg, then
the third repeating series of range data points (not
shown), etc., as the antenna continuously rotates more
than one revolution about its shaft 30. Thus, each series
of range data points relates to the selected series of
peripheral antenna points 1, 2, 3 and 4 in near real time.
Similarly, as shown in FIG. 4B relatively moving op-
timum-tracked satellite B in a different orbital position
than satellite A has a series of different biased range
values in near real time as indicated by the repeating
series of range data points X1, X, X3, X4, and X1, X2,
X5, X4

If the antenna rotation is sufficiently fast with respect
to the dynamics of moving platform 10, the biased range
between points, for example, X1 and X' is nearly linear.
Accordingly, a straight line 48 is drawn between these
two points X1 and Xy’ to obtain a loci of biased range
data points of satellite A at signal receiving point 1 of
antenna arm 28. Similarly, three straight lines 50, 52 and
54 are drawn between linearly related points Xz, X2';
X3, X37; and X4, X4 As evident from FIG. 4A, a series
of four relatively spaced lines 48, 50, 52 and 54 are
formed wherein each line represents a loci of biased
range data points at different near real times for satellite
A. In other words, line 48 of FIG. 4A indicates a loci of
biased range data points in near real time between satel-
lite A and the multitude of peripheral positions of an-
tenna point 1 as the antenna rotates on moving platform
10. As shown in FIG. 4B a series of four relatively
spaced lines 48', 50', 52’ and 54’ are formed in similar
fashion for relatively moving and optimum tracked
satellite B.

In order to enable determination of the change-in-
range of each satellite A, B, C or D in relation to each

pair of diametrically opposed points 1and 3or2and 4

of a series of equidistant points of rotating antenna arm
28, a line 56 is formed along a selected and common
time fix, trin near real time for the graphic display of
each satellite A, B, C or D. The time fix is preferably
selected so that line 56 passes through range data point
X}, which corresponds to the heading of platform 10 as
indicated in FIGS. 4A and 4B. For the sake of simplic-
ity, separate graphic displays of satellites C and D are
not shown. Line 56 intersects range data lines 48 and 52
at common points 58 and 60 and also intersects range
data lines 50 and 54 at common points 62 and 64 all as
illustrated in FIG. 4A. By analytically determining the

wran nte 8Q anrl Kﬂ and 82

Aiffaramnn ha "
difference between common pomis 3¢

and 64 the change-in-range of satellite A is determmed
at time fix, tFin relation to diametrically opposed pe-
ripheral points 1 and 3, and 2 and 4 of rotating antenna
arm 28. Similarly, the change-inrange of satellite B
between common points 58’ and 60' and 62’ and 64’ is
also determined.

It has been found that the change-in-range of a satel-
lite can be mathematically expressed by the following
equation:

R=cosine Az(tF) cosine E(t)Ad +sine Az(tf) cosine
E(tpAp+sine E(tp)Ah

where:
AR is the analytically determined change-in-range of

AAAAAAAA

A
a satellite A,

points 58 and 60 or 62 and 64.

Az is the azimuth of a satellite A, B, C or D which is
the angular orientation of a satellite with respect to
the north direction of the geodetic coordinate

B N Aae ) in Tats +A 1 oy
B, C or D in relation to interpolated
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frame as viewed from an antenna arm position on
the platform at tr.

E is the elevation which is the angle of a satellite A,
B, C or D above the horizon as viewed from the
antenna arm position at tr

AA in thoe chonoa in lIonoitnda for AR of nair of dial
&G 35 Ui Cniange in 10ngiiual i0r 4 Oi pailr Of Gia-

metrically opposed points 1 and 3 or 2 and 4 of the
antenna arm that relate to graphically displayed
palr of points, for example, 58 and 60 or 62 and 64.

Ap is the change in latitude for AR of a pair of diamet-
rically opposed points 1 and 3 or 2 and 4 of the
antenna that relate to graphically displayed pair of
points, for example, 58 and 60 or 62 and 64.

Ah is the change in elevation for AR of a pair of
diametrically opposed points 1 and 3 or 2 and 4 of
the antenna arm in relation to its reference plane
44.

With further reference to FIG. 3 the terms Ad, Ap and
Ah are indicated in relation to a pair of diametrically
opposed points 1 and 3 of arm 28 while the term Ah is
only indicated for the pair of diametrically opposed
points Z and 4 of the antenna arm. Since the elevation, E
(altitude) position of each optimum-tracked satellite A,
B, Cor D is known at tg, the four unknowns Az, Ad, Ap
and Ah of the aforementioned AR equation for each

satellite A, B, C, and D are readily determined at dia-

trinally Annacs,
metrically oppose

iF.

Since the orientation of the rotating antenna arm
indicates the orientation of the platform, it is normally
expressed in terms of yaw, pitch and roll for a given
selected time fix in near real time. Accordingly, yaw is
expressed by the following equation:

ad noints 1 and 2 of the antenna arm at
G poInts 1 anG & 01 1a€ anienna arm at

A
arm 28 cos 6

Y =7 — sin~!
Pitch is expressed by the following equation:

Ah8
arm 28

6 = sin—!

Roll is expressed by the following equation:

The terms of the above equations y, 8, ¢, AhS, Ahd
and Ap are also graphically illustrated-in FIG. 3. Since
the length of arm 28 is known and since Ap and Ah are
determined by the AR equation, it is evident that the
equations for §, © and ¢ are readily solvable.

A flow chart of the operative re!at;onship between
processor 38, computer 40, and display 46 is illustrated
in FIGS. 6A, and 6B. When signals from a series of
satellites 20 are received by receiver 36 from rotating
antenna 26, they are first multiplexed into an overall
serialized data stream. The encoded and stored data
streams of processor 38 are driven by the clock 37 and
matched with the initially tracked and incoming signals
from the series of satellites within the field of view of
antenna 26 as indicated by block 70.

When GPS satellite signal data is being received from
the output of receiver processor 38, block 72 of com-
puter 40 provides a “Yes” output to block 74. Block 76

furnishes un-to-date information to Rlock 74, such ag
urnisnes up-tg-gate migrmanen ¢ DIOCX /4, such as,

for example, local weather conditions As the result of
block 74 comparing the information from block 76 with

35
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the data from block 70, block 74 sends an output to
block 68 for selecting and tracking an optimum group of
four relatively moving satellites from the seriés of GPS
satellites signals being received by receiver 36. With
blocks 68 and 70 now functioning to track the optimum
group of four satellites and with block 74 providing a
output indicative of the signals received from the opti-
mum tracked satellites, block 78 functions to synchro-
nize the receiver measurements to the times at which
the antenna arm is at the selected series of points for
receiving the signals. The selection is preferably such
that diametrically opposed points 1 and 3 substantially
correspond to the heading of platform 10.

At block 80, a series of relatively spaced biased range
data lines .are appropriately formed on each graphic
display of a tracked satellite, for example, lines 48, 50,
52 and 54 of satellite A in FIG. 4A. Then at block 82 an
appropriate common time fix, tr is selected between
each of the graphic displays and then a line is extended
along the fix between the series of four relatively spaced
range data lines of each graphic display. The time fix is
preferably selected so that line 56 in FIG. 4A deter-
mines points 58 and 60 in relation to diametrically op-
posed points 1 and 3 of antenna arm 20 and with the arm
points 1 and 3 being aligned with the platform heading.
At block 84, the change-in-range ig analytically deter-
mined between each pair of two pairs of common points
for each graphic display, for example, the change-in-
range between each pair of points 58 and 60, and 62 and
64 of FIG. 4A. Then as the result of finding the change-
in-range values at block 84, the operator at block 86
mathematically determines, in accordance with the
aforementioned equations, the orientation of platform
10 at a selected and common time fix tFin near real time.

Obviously, many modifications and variations of the
present invention are possible in light of the above
teachings. It is therefore to be understood that, within
the scope of the appended claims, the invention may be
practiced otherwise than as specifically described.

‘What is claimed is:

1. A method for continuously determining the orien-
tation of a moving user platform at a selected time fix
and in relation to the earth’s ellipsoid, the platform
being generally comprised of a rotating antenna, a re-
ceiver and processor means; the antenna being con-
nected to the receiver and the processor means being
operatively associated with the receiver, the method
comprising the steps oft

continuously transmitting encoded RF signals from a

plurality of Global Positioning System (GPS)
earth-orbiting satellites, such that the transmitted
RF signals of each GPS earth-orbiting satellite are
a pair of encoded RF signals at predetermined

fra. that diraptad adial Ai
m.qdenmw that are directed in a radial direction

towards the earth’s surface, all GPS satellites of the
plurality of satellites progressively and continu-
ously advancing in their respective orbits about the
‘earth in relation to the moving user platform;

continuously processing the encoded RF signals of a

series of GPS satellites of the plurality thereof
wherein the series of satellites are in the field of
view of the antenna and wherein the signals of the

satellites of the series are received by the antenna
<o that the receiver and Processor means select and

continuously track the s1gnals of an optimum group
of four satellites of the series,
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selecting a series of four equidistant peripheral points
about the rotating antenna and at the same time
receiving signals from each optimum-tracked satel-
lite so as to obtain a plurality of graphically-dis-
played biased range data points for each optimum-
granhu‘a"v displaved

rapmcally Cisplayd

tracked satellite wherein a

Lracxkel sawcand acréin a

range data point of an optimum-tracked satellite
indicates a biased range of the optimum-tracked
satellite with respect to one of the equidistant pe-
ripheral points of the series thereof,

forming a series of four relatively spaced lines in
relation to the graphically displayed biased range
data points for each optimum-tracked satellite,
wherein each line of the series extends between at
least two biased range data points of the graphic
display of an optimum-tracked satellitc where two
such data points are with respect to signals re-

ceived from the Opnm"m,tronbnﬂ satellite at the

same point of the selected series of equidistant
points,

selecting a common time fix in near real time between
the graphic displays of each optimum-tracked sat-
eliite and then extending a line aiong the common
time fix between the series of spaced lines of each
graphic display so as to define a common point
between the common time fix line and each spaced
line of a graphic display.

analytically determining by interpolation the change-
in-range of each optimum-tracked satellite with

rically opposed

respect to at least one pair of dia
points of a series of four equidistant peripheral
points about the antenna by selecting a pair of com-
mon points of the graphic display of an optimum-
tracked satellite wherein the selected pair of com-
mon points relates to one pair of diametrically-
opposed points of the series of four equidistant
points about the antenna, and wherein the differ-
ence between the selected pair of common points
indicates the change-in-range of the optimum-
tracked sateliite of a graphic dispiay with respect
to the associated pair of diametrically opposed
points of the antenna, and

further determining the pitch, roll, and yaw of the
rotating antenna at the selected time fix in relation
to a reference plane of the antenna by using prede-
termined arithmetic equations that are functions of

the chanpe-in-ranoe of each ontimum-tracked sat-

the change-m-range Of €ach Oopllmum-irackeC sa

ellite so as to indicate the orientation of the plat-
form at the selected time fix.

2. A method as in claim 1 wherein the antenna is
comprised of a rotating arm concentrically disposed
about the antenna axis, and wherein the rotating arm has
a rotation about the antenna axis on the order of six
revolutions per second.
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3. A method as in claim 1 wherein the antenna is
made up of a rotating arm, and wherein the arm has a
diameter on the order of two meters.

4. A method as in claim 1 wherein the

single channel multi-track receiver.

5. A method as in claim 1 wherein the antenna is
made up of a rotating arm, and wherein the path of
movement of the rotating arm lies in a single plane.

6. A method as in claim 1 in which each satellite of
said GPS transmits the pair of encoded RF signals at
predetermined L-band frequencies of 1227.6 megaHertz
and 1575.42 megaHertz.

7. A method as in claim 1 in which the platform is
mounted on a marine vessel.

8. A method as in claim 1 in which the platform is
mounted on an aircraft

9. A method as in claim 1 wherein the pjufahl.y' of
GPS satellites are comprised of twenty-four satellites
with the plurality of satellites being arranged in three
separate groups of eight, each group being disposed in
its respective longitudinal plane in relation to the earth,

each longitudinal nlane being one of a series of three

each longitudinal plane being one series
longitudinal planes and also being arranged in spaced
angular relation to the other longitudinal planes of the
series and the equatorial piane of the earth; and with the
satellites of each group of eight moving in a common
approximately circular orbital path in their respective
longitudinal plane.

10. A method as set forth in claim 9 wherein immedi-
ately adjacent longitudinal planes of the series of longi-
tudinal planes define an angle of approximately 120°
therebetween.

11. A method as set forth in claim 9 wherein each
longitudinal plane of the series and the earth equatorial

plane define an angle of approximately 63° therebe-

twccn

12. A method as set forth in claim 11 wherein each
sateilite of the GPS is disposed at an aititude of approxi-
mately 20,000 kilometers above the earth’s surface.

13. A method as set forth in claim 9 wherein the
group of satellites in each longitudinal plane of the
series are equally spaced from each other along their
orbital path.

14. A method as set forth in claim 9 wherein each
satellite orbits about the earth in approximately twelve
(12) hours.

15. A method as set forth in claim 1 wherein the step

of Selechnn a series of four nrnnrhdanf nnlnrc of the

antenna is effected by an onentatlon computer con-
nected to the processor means.

16. A method as set forth in claim 1 wherein the step
of further determining the pitch, roll and yaw is effected
by use of the following equation:

receiver is a2

AR = cosine Ax(tf) cosine E(tp)Ad +
sine Az{tf) cosine E(tp)Ap + sine E(rF)AA.

*x ok



