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MINIMUM CYCLE SLIP AIRBORNE
DIFFERENTIAL CARRIER PHASE GPS
ANTENNA

ORIGIN OF THE INVENTION

The invention described herein was made by an employee
of the United States Government and may be manufactured
and used by or for the Government for governmental pur-
poses without the payment of any royalties thereon or
therefore.

FIELD OF THE INVENTION

This invention relates to an airborne antenna system, and
more specifically, to a GPS (global positioning system)
antenna orientation device for use with airplanes.

DETAILED DESCRIPTION OF THE PRIOR ART

In conducting airborne GPS surveying operations, it is
important for the surveying equipment to be provided with
their precise geographic location.

The global positioning system can be used to determine
the position of a GPS antenna to within a few centimeters by
using well developed carrier phase differential interferomet-
ric techniques between an aircraft mounted GPS antenna and
a nearby surveyed GPS reference receiver. The satellites
participating in determining each fix must be widely dis-
tributed in azimuth and elevation to achieve optimum geom-
etry when computing each fix.

The GPS satellites are in orbit around the Earth which
causes each of them to rise and set relative to the horizon.
It is critically important that each satellite be visible and its
carrier signal and phase be tracked by both the aircraft and
the ground reference station. The carrier signal and phase
information is lost or adversely affected by aircraft orienta-
tion during banking maneuvers which cause the aircraft GPS
antenna to be pointed in an unfavorable direction for some
satellites. Loss of carrier signal or phase information from a
satellite is termed a “cycle slip.” A cycle slip can occur by
losing signal for as little as 1 billionth (1.0x10 €~°) of a
second. Longer periods of missing signal cause loss of
multiple cycles.

GPS antenna are normally securely mounted to the air-
craft and are not moveable relative to the aircraft.
Accordingly, during maneuvering of the aircraft, cycle slips
may occur. Principal factors which cause cycle slips in an
airborne environment are: 1) reduced signal due to unfavor-
able antenna orientation, 2) the path between the antenna
and satellite is blocked by aircraft structure (wing, etc.), 3)
the signal arrives directly from the satellite and via reflection
from nearby parts of the aircraft and the direct and reflected
signals are equal amplitude and opposite in phase causing
them to cancel each other.

Anneed exists to reduce cycle slips caused by weak signals
which are introduced by the GPS antenna being oriented in
a less than optimal way since a maneuvering aircraft will
necessarily be rolling, pitching or yawing so that the antenna
is not vertically oriented.

Traditionally, pilots are instructed to reduce the banking
(ie., turning) of the aircraft to 10 degrees or less in order to
minimize cycle slips during surveying operations. While this
method may work, it significantly reduces the maneuver-
ability of the aircraft and may result in a large amount of
time necessary in order for the pilot to reverse course to
continue with the surveying operation. For instance, for
closely spaced survey flight lines, a turn called a 90-270 is
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typically employed. The 90-270 requires a total of 360
degrees of heading change to effect a course reversal. If a 30
degree bank required two minutes to complete, then a 10
degree limited bank would require approximately six min-
utes to complete.

As an example, considering surveying an area 5 kilome-
ters by 5 kilometers with a remote sensing system which has
a swath of approximately 240 meters. To cover this area with
flight lines every 200 meters would require 5000/200 or 25
total flight lines. A nominal survey speed of 3600 meters per
minutes each flight line requires one minute and 24 seconds
to cover for a total of approximately 35 minutes of flight. 24
turns will be required to occupy all the flight lines. If those
turns are 30 degrees each and take two minutes to perform,
the total required flight time will be 24*2+435 or 1 hour and
23 minutes. If the turns were restricted to 10 degrees, then
the required flight time would be 24*6+35 or approximately
3 hours. In this example, more time would be spent maneu-
vering then surveying.

Accordingly, a need exists to provide for the ability to
perform sharper turns in aircraft without losing the GPS fix.

SUMMARY OF THE INVENTION

The present invention is directed to an antenna system for
an aircraft for use with a global positioning system com-
prising: an aircraft having an aircraft attitude determination
system providing attitude data relating to aircraft roll, a
translation module connected to the aircraft attitude deter-
mination system receiving the attitude data and outputting
output data, a processor receiving the output data from the
translation module and providing a drive signal, a controller
receiving the drive signal from the processor an articulator
driven by the controller, and antenna attached to the articu-
lator driven by the controller oppositely to the aircraft roll.

BRIEF DESCRIPTION OF THE DRAWINGS

The particular features and advantages of the invention as
well as other objects will become apparent from the follow-
ing description taken in connection with the accompanying
drawings in which:

FIG. 1 is a front plan view of an aircraft equipped with an
antenna system in accordance with the present invention
banked at an angle of about 45° to a horizon;

FIG. 2 is a side perspective view of a portion of an
airplane with the antenna mounted thereon;

FIG. 24 is a functional block diagram of the invention;

FIG. 3 is a front cross-sectional view of the antenna
mount utilized in the preferred embodiment of the antenna
system; and

FIG. 4 is a side cross-sectional view of the antenna mount
shown in FIG. 3.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a front view of an airplane 10 equipped with
the preferred embodiment of an antenna system of the
present invention which is shown in more detail in FIGS.
24.

FIGS. 2 and 2a show the front portion of the airplane 10
equipped with an articulating GPS antenna 12 supported by
mount 14 which may be partially recessed in the fuselage as
shown or otherwise installed on airplane 10. A processor 16
in the form of a microprocessor based interface circuitry
receives a signal from a data translation module 18 shown in
FIG. 2a. The data translation module 18 receives a signal
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from an aircraft attitude system 20 such as an aircraft
attitude determination system, attitude indicator, and/or
navigation system such as an inertial navigation system or
otherwise.

The attitude system 20 shown in FIGS. 3 and 4, delivers
aircraft roll data such as in the form of digital data or analog
synchro data to the processor 16 (i.e., digital or analog data
in an appropriate format). The processor 16 receives and
decodes the delivered attitude data and provides a signal to
the controller 15 which drives the articulator 22 so that the
antenna 12 is moved in an opposite direction to the roll of
the aircraft sensed by the aircraft sensor 20. This has been
found effective to maintain the GPS antenna 12 in a sub-
stantially vertical orientation in spite of roll occurring by the
airplane 10. Aircraft roll is defined as the angle of rotation
of an airplane along its longitude axis relative to the horizon.
It is a term known in the art.

The aircraft system 20 and translation module 18 as well
as the processor 16 and articulator 22 are driven by the
aircraft electrical system. The physical size of the mount 14
in a prototype is about 10x15x15 cm. The mount 14 may
weigh about a pound, but after equipping with a radome 26
about two pounds. A range of rotation of approximately at
least 45 degrees to counter aircraft roll in either direction has
been tested.

In the preferred embodiment the processor 16 receives
aircraft attitude information at least five times per second.
However faster or slower refresh rates may be also be
utilized.

The axis of rotation is centered on pivot 24 so as to pass
through the phase center of the actual GPS antenna 12
wherein it introduced no more than a very small error. The
attitude information is obtained from the onboard inertial
navigation system of the aircraft.

Although a linear motor, such as servo motor 23, may be
utilized as shown in FIGS. 3—4, other articulators 22 may be
utilized to position the antenna 12 in a vertical orientation.
The servo motor 23 drives gears 25,27 which act on gear 29
which is illustrated connected to the bottom of the radome
26. Table 31 is illustrated connected to radome 26 to provide
data path to the aircraft 10. Furthermore, the processor 16 or
translator 18 may contain a feed back loop to limit hunting
and a dead zone such as no movement for a change in idle
of about 3-5 degrees may be provided to prevent excessive
wear and tear of the articulator 22.

FIG. 1 shows an aircraft with the antenna 12 positioned
relative to the aircraft 10 at an aircraft roll position of about
45° relative to the horizon 11. In FIG. 4, the radome 26 is
positioned in phantom and illustrated as element 26a which
is opposite to the direction of roll of the aircraft 10 shown
in FIG. 1. As the aircraft 10 rolls one way, the articulator 22
drives the antenna 12 within the radome 26 in an opposite
direction to maintain the antenna 12 in an optimum upright
orientation.

Numerous alterations of the structure herein disclosed
will suggest themselves to those skilled in the art. However,
it is to be understood that the present disclosure relates to the
preferred embodiment of the invention which is for purposes
of illustration only and not to be construed as a limitation of
the invention. All such modifications which do not depend
from the spirit of the invention are intended to be included
within the scope of the appended claims.

Having thus set forth the nature of the invention, what is
claimed herein is:

1. An antenna system for an aircraft for use with a global
positioning system comprising:
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an aircraft having an aircraft attitude determination sys-
tem providing attitude data relating to aircraft roll;

a translation module connected to the aircraft attitude
determination system receiving the attitude data and
outputting output data;

a processor receiving the output data from the translation
module and providing a drive signal;

a controller receiving the drive signal from the processor;
an articulator driven by the controller; and

antenna attached to the articulator driven by the controller

oppositely to the aircraft roll.

2. The antenna system of claim 1 wherein the aircraft
attitude determination system is an internal navigation sys-
tem.

3. The antenna system of claim 1 wherein the antenna is
contained within a radome mounted to the airplane.

4. The antenna system of claim 1 wherein the articulator
is contained in a mount on an exterior portion of the aircraft.

5. The antenna system of claim 1 wherein the articulator
further comprises a linear motor.

6. The antenna system of claim 1 wherein the processor
has a feedback loop.

7. The antenna system of claim 1 wherein the antenna is
maintained substantially vertical at least up to about forty
five degrees of roll of the aircraft.

8. The antenna system of claim 7 wherein the antenna is
maintained vertical.

9. The antenna system of claim 1 wherein the translation
module provides output data in one of digital and analog
data.

10. An antenna system for an aircraft for use with a global
positioning system comprising:

an aircraft having an aircraft attitude determination sys-

tem providing attitude data relating to aircraft roll;

a processor receiving an input originating from the air-
craft attitude determination system and providing a
drive signal;

a controller receiving the drive signal from the processor;

an articulator driven by the controller; and

antenna attached to the articulator driven by the controller

oppositely to the aircraft roll.

11. The antenna system of claim 10 wherein the processor
provides a dead zone wherein a change in aircraft roll of less
than about five degrees does not result in movement of the
antenna.

12. The antenna system of claim 10 wherein the aircraft
attitude determination system is an inertial navigation sys-
tem.

13. The antenna system of claim 10 wherein the articu-
lator is contained in a mount on the exterior portion of the
aircraft and a radome surrounds the antenna.

14. The antenna system of claim 10 wherein the articu-
lator further comprises a linear motor.

15. The antenna system of claim 10 wherein the aircraft
is maintained substantially vertical at least up to about 45
degrees of aircraft roll.

16. The antenna system of claim 15 wherein the antenna
is maintained vertically.

17. An antenna system for an aircraft for use with a global
positioning system comprising:

an aircraft having an aircraft attitude determination sys-

tem sensing attitude data relating to aircraft roll;
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a translation module connected to the aircraft attitude 18. The antenna system of claim 17 wherein the articu-
determination system receiving the attitude data and lator is contained in a mount on the exterior portion of the
outputting output data; aircraft and a radome surrounds the antenna.

19. The antenna system of claim 17 wherein the antenna
is maintained substantially at least up to about 45 degrees of
roll of the aircraft.

20. The antenna system of claim 19 wherein the antenna
an articulator driven by the controller; and is maintained vertically relative to the roll of the aircraft.
antenna attached to the articulator driven by the controller

oppositely to the aircraft roll. L

a processor receiving the output data from the translation
module and providing a drive signal; 5

a controller receiving the drive signal from the processor;



