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(57) ABSTRACT 
Amethod for accurately tracking and communicating With a 
satellite from a mobile platform, Wherein the satellite has an 
antenna Which performs both transmit and receive functions 
from a single antenna aperture. The method involves using 
an inertial reference unit (IRU) of the mobile platform to 
initially acquire the signal from the satellite. A sequential 
lobing process is then used to more accurately center the 
antenna aperture relative to the receive beam from the 
satellite. The antenna is then used to transmit data or other 
information, and the antenna pointing is maintained by an 
additional IRU local to the antenna With higher accuracy and 
loWer latency than the IRU of the mobile platform. Periodi 
cally, transmissions from the antenna are inhibited and the 
sequential lobing process is repeated to eliminate for any 
inertial reference drift error. The method alloWs for more 
accurate antenna pointing When a single antenna aperture is 
used for both transmit and receive functions Without sig 
ni?cantly interfering With the transmission of data or infor 
mation from the antenna. 
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METHOD FOR ACCURATELY TRACKING AND 
COMMUNICATING WITH A SATELLITE FROM A 

MOBILE PLATFORM 

FIELD OF THE INVENTION 

[0001] The present invention relates to satellite commu 
nication systems, and more particularly to a system for use 
With a mobile platform having an antenna aperture perform 
ing receive and transmit functions, and to a method for 
causing the antenna aperture to accurately track a target 
satellite While the mobile platform is moving. 

BACKGROUND OF THE INVENTION 

[0002] High precision tracking of communication satel 
lites from mobile platforms such as aircraft, ships and land 
vehicles is required for both optimiZing data rate (i.e., peak 
energy from/to target) and for preventing interference With 
satellites orbiting adjacent to a target satellite. Various 
methods for tracking have been used including “dead 
reckoning” or open-loop, Where a calculation is made as to 
the correct pointing angles based on knoWn satellite and 
platform positions and platform attitude. Other methods, 
such as “closed loop” tracking methods, make use of some 
form of feedback control by signal optimiZation. These 
methods Work adequately for received signals but not 
adequately for transmitted signals from the mobile platform 
to satellites over distances Which create latency in the 
feedback control loop With respect to the required band 
Width. Such a situation Would be represented by, for 
example, geostationary satellites communicating With 
mobile platforms having high attitude accelerations, such as 
aircraft and land vehicles. 

[0003] For centering an antenna aperture With respect to a 
received antenna beam from a satellite, one Well knoWn 
technique is sequential lobing. Sequential lobing involves 
steering the antenna aperture deliberately a knoWn distance 
aWay from a peak received signal in each of four directions 
around the peak signal. This is illustrated in FIG. 1. Mea 
surements of the received poWer or decoded signal are used 
to calculate Where the actual peak of the beam or signal is 
located, as indicated in FIG. 1b, and the beam is recentered 
for the neXt cycle. A receive-only antenna can use this 
approach quite effectively to maintain pointing accuracy. 
HoWever, the de?ciency With this approach is that a trans 
mitting antenna slaved to such a receive beam Will execute 
the same step-tracking, inherently adding inaccuracy as the 
beam is deliberately stepped aWay from the knoWn center. 

[0004] A second technique of antenna pointing relies on 
increasingly accurate methods of open-loop calculation to 
maintain accurate pointing. Even if arbitrarily accurate 
tracking during movement of the mobile platform is pos 
sible, the major draWback With this approach is in initially 
establishing an accurate starting point (i.e., initially deter 
mining an accurate estimate of the position of the target 
satellite relative to the mobile platform). 

[0005] Prior systems have separated the receive and trans 
mit functions into discrete apertures so that sequential lobing 
can be performed With the receive beam, and then the 
transmit beam is computationally slaved to the correct 
position. This is illustrated in FIG. 2. 

[0006] For antennas in Which transmit and receive func 
tions are performed in the same physical antenna aperture, 
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several error sources are eliminated, but the technique of 
sequential lobing cannot be used When the transmit beam 
pointing accuracy requirement is smaller than the step-siZe 
of the misalignments used during the sequential lobing 
process. Such a situation Would still result in an error (i.e., 
misalignment) in the pointing angle of the transmit antenna 
relative to the target satellite. This is shoWn in FIG. 3. 

[0007] Therefore, there is a need for a method of accu 
rately pointing an antenna Which performs both receive and 
transmit functions, and Which is located on a moving plat 
form, at a target satellite. More speci?cally, there is needed 
a method Which alloWs an antenna aperture performing both 
transmit and receive functions to initially acquire a signal 
from a target satellite, and thereafter to accurately determine 
the beam center of a receive beam transmitted by the 
satellite, to use an inertial reference unit (IRU) of the mobile 
platform for tracking the satellite, and to periodically “?ne 
adjust” the pointing of the antenna aperture Without signi? 
cantly impeding the transmission of data from the mobile 
platform to the satellite. 

SUMMARY OF THE INVENTION 

[0008] The present invention is directed to a method for 
more accurately tracking and communicating With a satellite 
from a mobile platform. The method of the present invention 
is particularly adapted for use With antenna apertures Which 
are required to receive and transmit information to and from 
a target satellite While the mobile platform Which the 
antenna aperture is mounted on is moving. 

[0009] The method of the present invention involves ini 
tially requiring the satellite to use the mobile platform’s 
inertial reference unit (IRU) and information stored in an 
antenna controller associated With the antenna aperture as to 
the approXimate location of the target satellite. Once the 
signal from the satellite is acquired, a conventional sequen 
tial lobing process is performed to more accurately center 
the antenna aperture relative to the receive beam received by 
the aperture. Once the sequential lobing process is com 
pleted, the antenna can then be used to transmit data or other 
information from the mobile platform to the satellite. While 
transmitting, a second inertial reference unit in the form of 
a “rate gyro” local to the antenna is used instead of the IRU 
of the aircraft to maintain the antenna aperture pointed at the 
target satellite. 

[0010] Periodically the antenna controller interrupts the 
transmission of data or other information from the antenna 
to the target satellite and again uses the receive capability of 
the antenna to perform the sequential lobing process. Once 
this process is completed, transmissions from the antenna 
are again enabled, thus alloWing the antenna to be used to 
transmit information to the satellite. This process of alter 
nately transmitting from the antenna aperture and inhibiting 
transmissions While performing the sequential lobing pro 
cess is repeated continuously to eliminate inertial reference 
drift error Which could otherWise eventually accumulate to 
an unacceptable level. 

[0011] The above-described method does not signi?cantly 
interfere With the transmission of data or other information 
from the antenna because the sequential lobing process can 
be performed in a matter of milliseconds. 

[0012] Further areas of applicability of the present inven 
tion Will become apparent from the detailed description 
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provided hereinafter. It should be understood that the 
detailed description and speci?c examples, While indicating 
the preferred embodiment of the invention, are intended for 
purposes of illustration only and are not intended to limit the 
scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The present invention Will become more fully 
understood from the detailed description and the accompa 
nying drawings, Wherein: 

[0014] FIGS. 1a and 1b illustrates a sequential lobing 
process by Which an antenna aperture can be pointed at a 
beam center of a received beam from a satellite; 

[0015] FIG. 2 illustrates separate receive and antenna 
apertures disposed on a mobile platform, With the transmit 
antenna aperture slaved to the pointing direction of the 
receive antenna aperture, and the inherent misalignment 
betWeen the tWo antenna apertures because of the physical 
separation thereof on the mobile platform; 

[0016] FIG. 3 is a simpli?ed diagram of an antenna 
aperture Which performs transmit and receive functions, and 
illustrating the degree of error present When the pointing 
accuracy requirement during transmit is smaller than the 
step-siZe used in the sequential lobing process performed 
With a receive beam; 

[0017] FIG. 4 is a simpli?ed vieW of a mobile platform 
having an antenna aperture performing receive and transmit 
functions in communication With a target satellite; 

[0018] FIG. 5 is a ?oWchart illustrating the steps per 
formed in accordance With a preferred method of the present 
invention for more accurately acquiring and tracking a target 
satellite With an antenna aperture performing both transmit 
and receive functions located on a mobile platform; 

[0019] FIG. 6 is a simpli?ed block diagram of a system in 
accordance With a preferred embodiment of the present 
invention; and 

[0020] FIG. 7 is a graph illustrating hoW the method of the 
present invention continuously corrects for inertial drift 
error by periodically performing sequential lobing With the 
antenna. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0021] The folloWing description of the preferred embodi 
ment(s) is merely eXemplary in nature and is in no Way 
intended to limit the invention, its application, or uses. 

[0022] Referring to FIG. 4, there is shoWn a mobile 
platform 10 having an antenna aperture 12 in communica 
tion With a target satellite 14. The antenna aperture 12 is 
adapted to perform both receive and transmit functions so as 
to be able to receive signals from the satellite 14, as Well as 
to transmit data and other information to the satellite. The 
satellite 14 typically carries one or more transponders 16 for 
transponding the signals to a ground station (not shoWn). It 
Will also be appreciated that the mobile platform 10 includes 
an inertial reference unit (IRU), an antenna controller and a 
receive/transmit antenna subsystem, as indicated in FIGS. 2 
and 3, for controlling pointing of the antenna aperture 12. 
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[0023] It Will also be appreciated that While the mobile 
platform is illustrated as a ?Xed Wing aircraft in FIG. 4, that 
the method of the present invention is applicable to any 
mobile platform such as a ship or a land vehicle. 

[0024] Referring noW to FIG. 5, the method of the present 
invention Will be described. The method involves initially 
using the IRU of the aircraft 10 to acquire a signal from the 
satellite 14, as indicated at step 18. This signal is then 
optimiZed using the sequential lobing process described in 
connection With FIG. 1, as indicated at step 20. It Will be 
appreciated that While the sequential lobing process is being 
performed, the antenna aperture 12 Will be operating in a 
receive-only mode. Step 20 essentially causes the antenna 
controller of the aircraft 10 to center the antenna aperture 12 
relative to the receive beam Which it receives from the 
satellite 14. 

[0025] Once the sequential lobing process is completed, 
the antenna 12 can be used to begin transmitting data, as 
indicated at step 22. As the attitude and location of the 
aircraft 10 change, another inertial reference unit in the form 
of an antenna rate gyro subsystem local to the antenna 12 is 
used to track the satellite 14 by re-pointing the antenna 12 
as needed to maintain the antenna pointed at the satellite 14, 
as indicated at step 24. 

[0026] Periodically the transmissions from the antenna 12 
are inhibited, as indicated at step 26, and a sequential lobing 
process is again performed, as indicated at step 28. Step 28 
essentially more accurately centers the antenna 12 on the 
receive beam to eliminate any inertial reference drift error 
that may have occurred since the initial sequential lobing 
process Was performed at step 20. 

[0027] Once the sequential lobing process performed at 
step 28 is complete, tracking of the satellite 14 using the 
antenna rate gyro of the aircraft 10 is resumed, as indicated 
at step 30. This process is repeated, as indicated by feedback 
line 32, continuously during ?ight of the aircraft 10. Typi 
cally, steps 26-30 may be performed in a manner of milli 
seconds While step 24 may be performed for a period of 
seconds to minutes. Thus, those time intervals during Which 
sequential lobing is periodically performed are very brief 
relative to the time frame Which the antenna rate gyro of the 
aircraft 10 is used to track the satellite 14. As a result, 
interruptions to the data transmissions from the antenna 12 
are extremely brief and do not signi?cantly impede the use 
of the antenna 12 to transmit information and/or data to the 
satellite 14. 

[0028] FIG. 6 is a simpli?ed block diagram of a system 34 
in accordance With a preferred embodiment of the present 
invention. A motor and sensor subsystem 36 is used to 
monitor and control antenna positioning. A rate gyro sub 
system 38 is used to provide inertial reference information 
used to aim the antenna aperture 40. 

[0029] FIG. 7 is a graph illustrating the pointing error 
versus time, and hoW the periodic, repeated sequential 
lobing serves to “re-center” the antenna 12. Portions 42 of 
Waveform 44 indicate gradually increasing inertial drift 
error. Spikes 46 indicate those very short time periods 
(typically in milliseconds) during Which the transmit func 
tion of the antenna 12 is inhibited While sequential lobing is 
performed to re-center the antenna relative to the receive 
beam. 
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[0030] The description of the invention is merely eXem 
plary in nature and, thus, variations that do not depart from 
the gist of the invention are intended to be Within the scope 
of the invention. Such variations are not to be regarded as a 
departure from the spirit and scope of the invention. 

What is claimed is: 
1. A method for accurately pointing an antenna aperture 

performing receive and transmit functions at a target and 
tracking said target, Wherein said antenna aperture is dis 
posed on a vehicle having an inertial reference system 
(IRU), said method comprising the steps of: 

a) using said IRU to enable said antenna aperture to 
initially acquire said target; 

b) using a sequential lobing process While said antenna is 
performing a receive-only function to more accurately 
center said antenna aperture relative to a receive beam 
transmitted from said target; 

c) using information from an additional IRU located to 
said antenna aperture to track said target While said 
antenna aperture is transmitting; and 

d) intermittently interrupting said transmitting to perform 
said sequential lobing process of step b) to correct for 
inertial reference drift error. 

2. The method of claim 1, Wherein step c) is performed for 
a longer period of time than said sequential lobing process 
of step b). 

3. A method for accurately pointing an antenna aperture 
performing receive and transmit functions at a target and 
tracking said target, Wherein said antenna aperture is dis 
posed on a mobile platform having an inertial reference 
system (IRU), said method comprising the steps of: 

a) using said IRU to enable said antenna aperture to 
initially acquire said target; 

b) using said antenna aperture in a receive-only mode to 
perform a sequential lobing process With a receive 
beam received from said target to center said antenna 
aperture on said target; and 

c) once step b) is completed, using an antenna rate gyro 
to maintain said antenna aperture pointed at said target; 
and 

d) periodically interrupting use of said antenna rate gyro 
in step c) to perform said sequential lobing process of 
step b). 

4. The method of claim 3, Wherein step c) comprises the 
step of transmitting information from said antenna aperture 
While said antenna rate gyro is being used to maintain said 
antenna aperture pointed at said target. 

5. A method for accurately pointing an antenna aperture 
performing receive and transmit functions at a target and 
tracking said target, Wherein said antenna aperture is dis 
posed on a mobile platform having an inertial reference 
system (IRU) and said IRU has been used to initially acquire 
said target, said method comprising the steps of: 

a) using said antenna aperture in a receive-only mode to 
perform a sequential lobing process With a receive 
beam received from said target to center said antenna 
aperture on said target; and 

b) When said sequential lobing process is completed, then 
using an antenna rate gyro to supply information for 
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maintaining said antenna aperture pointed at said target 
While said antenna aperture is used to transmit infor 
mation to said target; and 

c) periodically interrupting use of said antenna rate gyro 
in step b) to perform said sequential lobing process of 
step b) to correct for inertial reference drift error of said 
IRU, to thereby maintain said antenna aperture pointed 
at said target. 

6. The method of claim 5, Wherein step c) is performed for 
a shorter time period than step a). 

7. A method for accurately pointing an antenna aperture 
performing receive and transmit functions at a target and 
tracking said target, Wherein said antenna aperture is dis 
posed on a mobile platform having an inertial reference 
system (IRU), the method comprising the steps of: 

alternately using said antenna aperture in receive-only and 
transmit-plus-receive modes, Wherein a sequential lob 
ing process is performed While said antenna aperture is 
operating in said receive-only mode to point said 
antenna aperture at said target; and 

Wherein a gyro local to said antenna aperture is used to 
maintain said antenna aperture pointed at said target 
When said antenna aperture is in said transmit-plus 
receive mode. 

8. The method of claim 7, further comprising the step of 
using said IRU to initially acquire said target before per 
forming said sequential lobing process. 

9. The method of claim 7, Wherein said sequential lobing 
process is performed Within a time frame substantially 
shorter than a time period during Which said antenna aper 
ture is used in said transmit-plus-receive mode. 

10. A method for accurately pointing an antenna aperture 
performing receive and transmit functions at a target and 
tracking said target, Wherein said antenna aperture is dis 
posed on a mobile platform having an inertial reference 
system (IRU) and said IRU has been used to initially acquire 
said target, said method comprising the steps of: 

a) using said antenna aperture in a receive-only mode to 
perform a sequential lobing process With a receive 
beam received from said target to center said antenna 
aperture on said target; and 

b) When said sequential lobing process is completed, then 
using an antenna rate gyro to supply information for 
maintaining said antenna aperture pointed at said target 
While said antenna aperture is used in a transmit-plus 
receive mode to transmit information to said target; and 

c) periodically interrupting transmissions from said 
antenna aperture to re-perform said sequential lobing 
process of step a), to thereby maintain said antenna 
aperture pointed at said target. 

11. The method of claim 10, Wherein said sequential 
lobing process is performed Within a time frame substan 
tially shorter than a time period during Which said antenna 
aperture is in said transmit-plus-receive mode. 

12. The method of claim 11, Wherein said sequential 
lobing process is performed in step a) in less than about one 
second. 


