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1571 ABSTRACT 
A miniature dual-band two-way mobile satellite-track- 
ing antenna system mounted on a movable vehicle in- 
cludes a miniature parabolic reflector dish having an 
elliptical aperture with major and minor elliptical axes 
aligned horizontally and vertically, respectively, to 
maximize azimuthal directionality and minimize eleva- 
tional directionality to an extent corresponding to ex- 
pected pitch excursions of the movable ground vehicle. 
A feed-horn has a back end and an open front end facing 
the reflector dish and has vertical side walls opening out 
from the back end to the front end at a lesser horn angle 
and horizontal top and bottom walls opening out from 
the back end to the front end at a greater horn angle. An 
R F  circuit couples two different signal bands between 
the feed-horn and the user. An antenna attitude control- 
ler maintains an antenna azimuth direction relative to 
the satellite by rotating it in azimuth in response to 
sensed yaw motions of the movable ground vehicle so 
as to compensate for the yaw motions to within a point- 
ing error angle. The controller sinusoidally dithers the 
antenna through a small azimuth dither angle greater 
than the pointing error angle while sensing a signal from 
the satellite received at the reflector dish, and deduces 
the pointing angle error from dither-induced fluctua- 
tions in the received signal. 

34 Claims, 13 Drawing Sheets 
_ _ - - - -  
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ing a reflector dish on the order of a few hundred wave- 
lengths across) and a complex antenna attitude control 
system to maintain antenna alignment with the satellite 
in two dimensions, while permitting the ground vehicle 

SATELLITE-TRACKING MILLIMETER-WAVE 
REFLECTOR ANTENNA SYSTEM FOR MOBILE 

SATELLITE-TRACKING 
5 on which the antenna is mounted to move through 

significant pitch and yaw angles. Moreover, it does not ORIGIN O F  THE INVENTION 
The invention described herein was made in the per- 

formance of work under a NASA contract, and is sub- 
ject to the provisions of Public Law 96-517 (35 USC 
202) in which the Contractor has elected not to retain lo 
title. 

Seem practical to accommodate tWO different frequency 
channels lying in different bands (such as K-band and 
Ka-band signals) using the Same antenna. 

Accordingly, one object of the invention is to pro- 
vide a mobile satellite-tracking antenna system in which 
the antenna size is greatly reduced from that of the 
present state of the art with an optimum antenna gain or 

It is another object of the invention to provide a 
satellite antennas and automatic antenna positioning mobile satellite-tracking antenna capable of transmitting 
systems for tracking a satellite from a moving vehicle. or receiving signals with respect to an orbiting satellite 

2. Background Art in two different channels or different communication 
Attitude Control Systems for mobile antennas in Satel- bands such as the K-band a d  the &+band using the 

lite CO~mU'IiCatiOn Systems are disclosed in U.S. Pat. 2o Same feed-horn assembly and the Same reflector dish 
Nos. 5,061,963, 4,873,526 and 4,725,843. In these de- and attain similar R F  performance for both bands. 
vices, the antenna includes a feed horn facing a conical of the invention to provide a 
reflector dish. In order for the reflector dish to capture mobile satellite-tracfing antenna having a very simple 
an adequate signal from the satellite, it must be rather low bandwidth control system for antenna 

lengths across, resulting in the ungainly and large mo- larly a geostationary satellite. 
bile antenna systems illustrated in the above-referenced It is a related object of the invention to provide a high 
patents. The relatively large reflector size provides an performance dual-band mobile satellite-tracking an- 

tenna which requires antenna attitude control in azi- adequate antenna gain, arising from the directionality of 
the antenna gain pattern. The antenna must be pointed 30 muth only. 
directly at the satellite in order to receive an adequate It is a yet further object of the invention to provide a signal therefrom. Thus, such mobile antenna systems 

have an attitude control system which insures that mobile satellite-tracking antenna having less elevational 

BACKGROUND O F  THE INVENTION 

1. Technical Field antenna performance. 
This invention is related to compact micro-wave l5 

It is a further 

large, typically on the Order of a few hundred wave 25 orientation with respect to an orbiting satellite, particu- 

the antenna points directly at the satellite to within only 
a few degrees error in azimuth and elevation. For a 35 large pitch 

directionality to provide performance Over 
On which the Of the ground 

geostationary satellite, one might assume that there antenna is mounted. 
would be no change in the elevational angle to It is a still further object of the invention to provide a 
the antenna may be aligned. H ~ ~ ~ ~ ~ ~ ,  since a moving mobile satellite-tracking antenna having an antenna 

the attitude control attitude control system for maintaining antenna orienta- 
system of the antenna must include not only azimuth 40 tion with respect to a geostationary satellite, requiring 
angle control but also elevation angle control. Alterna- Only a ground yaw and an antenna 
tively, if the motion of the vehicle can be restricted to 
avoid any significant pitching, the elevational angle It is a still further object of the invention to provide a 
control may be dispensed with. However, it is not & Satelfite-traCking antenna having a feed-horn assembly 
ways practical to restrict the vehicle motion. Three-di- 45 capable OfSimdtaneouslY feeding signals in K-band and 
mensiond antenna direction control using complex the Ka-band frequency ranges to a reflecting dish on the 
antenna control systems is disclo& in U.S. pat. Nos. order Of only several to ten wavelengths in extent while 
4,823,134 and 4,630,056. Such antenna control systems requiring attitude control in azimuth only and requiring 
suffer from the disadvantage of being very complex and Only an inertial vehicle Yaw angle Sensor and antenna 
therefore unwieldy. 50 azimuth angle sensor while maintaining fine azimuth 

The mobile antennas of the type illustrated in the direction control. 
above-referenced patents typically are tuned to have a The forgoing objects would fulfil the goal of an ex- 
peak gain at a specific frequency. The design of such tremely light-weight compact mobile antenna system 
antennas and their response becomes very critical at mountable on the roof of a small vehicle for tracking the 
extremely high frequencies such as K-band and Ka- 55 Advanced Communication Technology Satellite 
band frequencies (on the order of 20 and 30 GHz, re- (ACTS) which transmits Ka-band signals to the mobile 
spectively). A severe problem is encountered when it is antenna and receives K-band signals from the mobile 
desired to transmit signals to the satellite at one fre- antenna. 

STATEMENT OF THE INVENTION quency (for example at Ka-band frequency) and to re- 
ceive signals from the satellite at another frequency (for 60 
example at K-band frequency). The microwave compo- The foregoing objects are realized in the invention in 
nents of the antenna, particularly the feed-horn assem- which the reflector dish is an elliptical section of a pa- 
bly facing the reflector dish, are typically tuned to a raboloid surface and is offset with respect to a feed-horn 
specific transmitting or receiving frequency, and are not capable of feeding Ka-band and K-band signals. The 
suitable for handling two extremely different frequen- 65 ellipse defining the section of the paraboloid surface of 
cies (such as frequencies lying in two different bands). the reflector dish is sufficiently eccentric so that the 

Thus, it has seemed that a mobile satellite-tracking antenna assembly exhibits very low losses over small 
antenna requires a relatively large antenna size (includ- elevational excursions on the order of 12 degrees. For 

may pitch 

azimuth sensor. 
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this purpose, the reflector dish minor elliptical axis is joint to an upper diplexer immediately beneath the an- 
oriented in the vertical or elevational direction. This tenna. The upper diplexer is of the conventional type 
accommodates ground vehicle pitch excursions for having a Ka-band output (for carrying the signal from 
typical road conditions, thus eliminating the need for the traveling wave tube) and a K-band input (for carry- 
any elevational attitude control of the antenna. The 5 ing the signal destined for the low noise amplifier). The 
reflector dish is only about four wavelengths in extent Ka-band output and the K-band input of the upper 
along its minor axis and about ten wavelengths in extent diplexer are both connected to two respective ports of 
along its major axis at K-band frequencies. This greatly an orthomode transducer of the type well-known in the 
reduces the size the antenna system relatively to the art. The orthomode transducer is a conventional wave- 
current state of the art. 10 guide assembly which couples the Ka-band port of the 

The feed-horn opens out toward the center of the diplexer to the longitudinal back end of the feed-horn 
reflector dish in a truncated pyramidal shape. Specifi- and couples the K-band port of the upper diplexer to a 
cally, in the elevational direction the top and bottom side port of the feed-horn. The orthomode transducer is 
walls of the feed-horn open out at opposing 13 degree designed for horizontal polarization of the Ka-band 
angles, while the side walls of the feed-horn open out at 15 signal and vertical polarization for the K-band signal. 
only 2-degree angles with respect to the center line of Thus the invention provides a very small dual-band 
the feed-horn, in one embodiment. Thus, both the feed- antenna which tracks the satellite using only a vehicle 
horn and the reflector dish are non-isotropic configura- yaw rate sensor and an antenna azimuth position servo 
tions which provide a high degree of directional selec- to achieve extremely fine azimuth control and not re- 
tivity in the azimuth direction and a lesser degree of 20 quiring antenna elevational control while achieving 
directional selectivity in the elevational direction in the commensurate performance at both K-band and Ka- 
antenna pattern. The lesser selectivity in the elevational band frequency ranges. In the preferred embodiment 
direction of the antenna pattern eliminates the need for described below, the antenna exhibits a gain of over 24 
elevational antenna attitude control, as mentioned pre- dB in the Ka-band and 21 dB in the K-band. 
viously. The greater directional selectivity of the an- 25 A unique advantage of the invention is that in addi- 
tenna pattern in the azimuthal direction enhances the tion to the foregoing, the antenna may be adjusted for 
antenna gain and performance. The foregoing noniso- mobile operations within any large latitude range by 
tropic shapes of -the feed-horn and the reflector dish simply adjusting the stationary elevational orientation 
provide similar antenna performance in both the K- of the reflector dish. The elevational orientation of the 
band and the Ka-band frequency ranges, a significant 30 reflector dish is fixed at a selected angle corresponding 
advantage. 

Very fine antenna attitude control in the azimuthal 
direction is provided using only a relatively gross vehi- 
cle yaw angle sensor and an antenna azimuthal direction 
sensor (such as optical encoders). The sensors them- 35 
selves provide no fine control of the antenna azimuth 
direction. The h e  control is provided (without the 
addition of any other sensors) by a dithering algorithm 
in which the antenna is sinusoidally dithered about its 
selected azimuthal angle and the resulting signal fluctu- 40 
ations are processed to deduce fine azimuthal angle 
errors with respect to the satellite location. 

The control loop of the antenna subtracts the sensed 
vehicle yaw angle from the current antenna azimuth 
angle, the difference providing a gross antenna azimuth 45 
position to within a pointing angle error. An error term 
corresponding to the pointing angle error is then deter- 
mined using the dithering algorithm for control feed- 
back to the antenna azimuth drive motors. This error 
term is first filtered in a low-pass filter to remove dither- 50 
ing noise. It is then used as rate feed-back and also as 
acceleration feed-back superimposed on the sensed ve- 
hicle yaw rate to provide a fine adjustment command to 
the antenna azimuth drive motor. The dithering algo- 
rithm computes the pointing angle error from asymme- 55 
tries in the dither-induced signal fluctuations in the 
signal (such as a pilot signal) received from the satellite. 
In one embodiment of the invention, the vehicle yaw 
sensor is an inertial sensor such as an inertial measure- 
ment unit. 60 

The antenna system of the invention operates in the K 
and Ka-bands using conventional components, includ- 
ing a traveling wave tube for generating the Ka-band 
signal for transmission to the satellite and a low noise 
amplifier for sensing the received K-band signal from 65 
the satellite. The traveling wave tube and the low noise 
amplifier are both connected to a conventional micro- 
wave diplexer which is connected through a rotary 

to the satellite elevation observed within a geographic 
area in which the mobile antenna is to be operated. For 
example, if the antenna is to communicate with the 
ACTS satellite during mobile operations in the southern 
California region, then the elevational orientation of the 
reflector dish is fmed at 46 degrees. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagram illustrating the use of the present 

invention as a mobile antenna communicating with a 
permanent ground station through a orbiting satellite. 

FIG. 2 is a block diagram of the mobile antenna sys- 
tem embodying the present invention. 

FIG. 3 is block diagram of the RF circuitry of the 
antenna system of FIG. 2. 

FIGS. 4A through 4C illustrate the physical configu- 
ration of the antenna system in a preferred embodiment 
of the present invention. 

FIGS. SA through 5D illustrate the dual-band feed- 
horn of the antenna system of FIGS. 4A through 4C, of 
which FIGS. 5B, 5C and 5D are side, top and front 
views, respectively. 

FIGS. 6A through 6B illustrate the physical configu- 
ration of the reflector dish of the antenna system of 
FIGS. 4A through 4C. 

FIGS. 7A and 7B illustrate the elevation patterns of 
the antenna of the invention at K-band and Ka-band 
frequency ranges respectively. 

FIGS. 7C and 7D illustrate azimuth patterns of the 
antenna of the present invention at K-band and Ka-band 
frequency ranges respectively. 

FIG. 8 is a block diagram of the antenna attitude 
controller of the invention. 

FIG. 9 is a block diagram of the feedback control 
system employed in the antenna controller of FIG. 8. 

FIGS. 10A through 1OC illustrate various waveforms 
of a received pilot signal during antenna dithering for 
three different antenna azimuth orientations. 
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FIG. 11 is a block diagram illustrating the dithering 
algorithm employed in the feedback control of FIG. 9. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, a ground master control station 
20 transmits Ka-band data to a geostationary satellite 22 
and receives K-band data from the satellite 22. The 
satellite 22 converts the Ka-band data received from the 
ground station 20 to K-band data and transmits it to a 
compact satellite-tracking mobile vehicle antenna 24 of 
the present invention mounted on a ground vehicle 26. 
The Ka-band data transmitted by the master ground 
station 20 includes a pilot signal, so that the converted 
K-band data transmitted by the satellite 22 also includes 
a corresponding pilot signal received by the satellite- 
tracking mobile vehicle antenna 24. Furthermore, the 
mobile vehicle antenna 24 transmits Ka-band data to the 
satellite 22 which is converted to K-band data by the 
satellite 22 and transmitted to the master ground control 
station 20. 

Referring to FIG. 2, the satellite-tracking mobile 
vehicle antenna 24 comprises a system including an 
operator input/output terminal 28, a data port 30, a 
terminal controller 32 communicating to an antenna 34 
through two c h a ~ e l s .  The first channel is a transmis- 
sion channel including a modulator 36, a first up-con- 
version stage 38 and a second up-conversion stage 40. 
The modulator 36 modulates data from the terminal 
controller 32 onto an RF carrier which is then trans- 
formed to a Ka-band camer in two stages, namely the 
first up-conversion stage 38 and the second up-conver- 
sion stage 40, using techniques well-known in the art. 
The second up-conversion stage 40 transmits the data 
on the Ka-band carrier to a diplexer assembly 42 which 
then applies it to the antenna 34 for transmission to the 
satellite. The second channel is a receive channel in 
which K-band signals received by the antenna 34 are 
routed by the diplexer 42 to a first down-conversion 
stage 44, a second down-conversion stage 46 and then 
to a demodulator 48 whose output is connected to the 
control terminal 32. The first and second down-conver- 
sion stages 44, 46 down-convert the carrier from the 
K-band frequency to an RF frequency in two stages 
using techniques well-known in the art. The demodula- 
tor 48 removes the RF carrier so that the data is applied 
to the terminal controller 32. The pilot signal carried by 
the K-band data transmitted by the satellite 22 is pulled 
out of the second down-conversion stage 46 by a pilot 
tracking stage 50 and is used by an antenna controller 52 
to control the azimuthal orientation of the antenna 34. 

Referring to FIG. 3, the antenna 34 is distributed 
between two sections, one located inside the cabin of 
the ground vehicle 26 and the other located above the 
roof of the vehicle 26. Inside the cabin of the vehicle 26, 
the antenna system includes a traveling wave tube as- 
sembly 52 which generates the Ka-band signal and a 
low noise amplifier 54 which senses the incoming K- 
band signal. The output of the traveling wave tube 52 is 
connected to one single-band port of a lower diplexer 
56 of the type well-known in the art while another 
single-band port of the diplexer 56 is connected to the 
input of the low noise amplifier 54. A dual-band port of 
the diplexer 56 is connected through a conventional 
microwave rotary joint 58 to a dual-band port of an 
upper diplexer 60. The upper diplexer 60 has a Ka-band 
(30 GHz) port connected to a Ka-band port of a con- 
ventional orthomode transducer 62. A K-band (20 

6 
GHz) output port of the orthomode transducer 62 is 
connected to a K-band port of the upper diplexer 60, 
using techniques well-known in the art. A feed-horn 
port of the orthomode transducer is connected to the 

5 back end of the feed-horn 64 whose output end faces an 
offset reflector dish 66. Motion of the rotary joint 58 is 
controlled by an antenna controller computer 68 of the 
antenna controller 52 of FIG. 2 governing an antenna 
motor and optical encoder 70. 

The RF circuit of FIG. 3 is but one example of a 
conventional RF circuit capable of connecting the trav- 
eling wave tube 52 and the low noise amplifier 54 to the 
antenna feed-horn 64. The present invention may be 
implemented with any suitable RF circuit in lieu of the 

l5 R F  circuit of FIG. 3 by the skilled worker. The imple- 
mentation techniques of such RF circuits are known in 
the art and are beyond the scope of this specification. 

Referring to FIGS. 4A through 4C, the antenna as- 
sembly 34 includes the parabolic reflector dish 66 and 

2o the truncated pyramidal feed-horn 64. The orthomode 
transducer 62, upper diplexer 60, feed-horn 64 and para- 
bolic reflector dish 66 rest on a rotating platform 72 
coupled to a pancake stepper motor platform 74 whose 
relative motion is detected by optical encoders 76 of the 

25 antenna motor and optical encoder 70. A plastic hemiel- 
lipsoidal radome 78 covers the entire assembly and is 
preferably coated with a hydrophobic coating of the 
type well-known of the art. The dual-band port of the 
diplexer 60 is connected to the rotary joint 58 as shown 

30 in FIGS. 4A through 4C. The microwave waveguide 
assembly including the upper diplexer 60 and the ortho- 
mode transducer 62 were obtained from the Gamma-F 
Corporation of Torrance, Calif. 

The upper diplexer 60 is connected to the rotary joint 
35 58 via a conventional flex waveguide 80 as shown in 

FIGS. 4A through 4C. The assembly including the 
diplexer 60, the orthomode transducer 62 and the flex 
waveguide 80 as well as the connection of the rotary 

4o joint 58 preferably have the dimensions indicated in 
FIGS. 4 A 4 C  and obey the specifications set forth in 
Table I. 

TABLE I 

10 

FEED ASSEMBLY REQUIREMENTS 
45 AND SPECIFICATIONS 

DIPLEXER: 
Frequencies: 
Channel 1 (Transmit): 
Channel 2 (Receive): 

Insertion Loss: 
VSWR: <1.5:1 (at all ports) 

ORTHOMODE TRANSDUCER 
Frequencies: 
Channel 1 (Transmit): 29.63 i: 0.16 GHz 

55 Channel 2 (Receive): 19.91 i 0.16 GHz 
Polarization: 
Channel 1 (Transmit): Horizontal 
Channel 2 (Receive): Vertical 
Isolation: 
Insertion Loss: 

29.63 C 0.16 GHz 
19.91 i 0.16 GHz 

50 Isolation: >50 dB (in either 
<0.5 dB (in both channels) 

>30 dB (in either direction) 
<0.3 dB (for both freauencies) 

60 VSWR: < 1.5:l (a; all ports) 
FLEX WAVEGUIDE 

Insertion Loss: <0.2 dB 

Connector: Male K-connector 
CONNECTION TO THE ROTARY JOINT: 

65 Loss: <0.2 dB 

Referring to FIGS. 5A through 5D, the feed-horn 64 
includes top and bottom walls 82,84 extending symmet- 
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rically with respect to a center line 86 at opposing an- spaced peak than do the azimuth patterns of FIG. 7C 
gles of 13.22 degrees. The feed-horn 64 further includes and FIG. 7D, corresponding to the non-symmetrical 
right and left side walls 88,M extending from the center antenna configuration discussed previously above. 
line 86 at opposing 2.29 degree angles, the broad end of Thus, while the azimuth patterns quickly roll off as the 
the feed-horn 64 facing the parabolic reflector dish 66. 5 angle error increases, the elevation patterns of FIG. 7A 
The wall thicknesses are 0.04 in. throughout. The re- and FIG. 7B do not roll off so quickly, exhibiting only 
maining dimensions are as shown in FIGS. SA through a 3 dB loss at an elevation angle of 12 degrees. 
sc. The axis of the feed-horn 64 makes an angle with 

FIG. 6A illustrates how the feed-horn 64 is aligned respect to the access of symmetry of the reflector 66 so 
with respect to the parabolic reflector dish 66 and fur- 10 the feed-horn is offset with respect to the reflector 66. 
ther shows how the shape of the parabolic reflector dish The antenna controller 52 tracks the satellite as the 
66 is defined with respect to the surface of a paraboloid mobile vehicle moves about. Tracking the satellite re- 
92. An ellipse 94 (illustrated in FIG. 6F3) whose major quires only azimuth steering (one-dimensional) since the 
axis is 5.906/2 in. and whose minor axis is 2,362/2 in. is antenna elevation coverage is wide enough to accom- 
projected along the projection line 96 of FIG. 6A at 15 modate typical vehicle pitch and roll variations within 
25.2 degrees with respect to the parabolic axis 98 of the any single geographical region of operation restricted 
paraboloid 92. The center of the output face of the to paved roads. The antenna controller steers the an- 
feed-horn 64 coincides with the parabolic focus of the tenna azimuth angle in response to an inertial vehicle 
paraboloid 92. The paraboloid 92 is generated by rotat- yaw-rate sensor and an estimate of the antenna pointing 
ing a two-dimensional parabola corresponding to the 20 angle error is obtained by “mechanical dithering” of the 
paraboloid 92 about the parabolic axis 98. The minor antenna. 
axis of the ellipse 94 lies in the plane containing the Almost all that is required of the pointing system is to 
ellipse axis of projection 96 and the parabolic axis 98. compensate for vehicle turns (yaw). The antenna point- 

The resulting non-symmetrical (i.e. non-circular) ing error is defined as the difference between the an- 
shape of the reflector dish 66 provides pronounced 25 tenna motor angle, with respect to the vehicle, and the 
directionality in the azimuthal direction (i.e., in the inertial vehicle yaw angle. This represents the fact that, 
direction of rotation in the plane of the circular base 72) with a very distant and stationary source (a geostation- 
and less directionality in the elevational direction. In- ary satellite), the direction to the source, as viewed 
deed, for 12 degree excursions in elevation, the antenna from the vehicle, does not change significantly unless 
gain suffers not more than a 3 dB reduction. As men- 30 the vehicle turns. The inertial vehicle-yaw-rate sensor 
tioned previously herein, the 12 degree allowance in provides most of the information required to keep the 
elevation orientation is the expected pitch excursion of antenna pointed at the satellite while the vehicle moves 
the roving ground vehicle 26 on standard roadways. about. The yaw-rate sensor signal is integrated to yield 
This feature therefore eliminates the need for an eleva- an estimate of vehicle yaw angle, and the antenna is 
tional antenna attitude control system. For this purpose, 35 turned by this angle to counteract vehicle turns. Use of 
the feed-horn 64 opens out more widely in the eleva- the full sensor bandwidth of about 300 Hz enables the 
tional direction than it does in the azimuthal direction antenna to respond quickly. There is no feedback in the 
(13.22 degrees along each side in the elevational direc- yaw-rate sensor signal path. Any resulting pointing 
tion in contrast with only 2.29 degrees along either side error is detected by the mechanical dithering process 
in the azimuthal direction). 40 (feedback) and corrected by the tracking system. Drift 

The results of the foregoing are illustrated in the of the sensor bias is the most significant source of point- 
diagrams of FIG. 7A through 7D which are graphs of ing error, and the tracking system compensates for it. 
the received signal intensity as a function of antenna Since the sensor bias drifts very slowly, the resulting 
orientation. The elevational orientation of the reflector pointing error does not require fast correction and may 
dish 64 is set to the desired angle depending upon the 45 be corrected very slowly. Only 0.1 Hz bandwidth of 
location of the satellite of interest and the geographic closed-loop feedback is sufficient to compensate for the 
region in which the mobile antenna system is to operate. inertial sensor bias drift. Minimizing the bandwidth of 
Resulting elevational patterns are shown in FIG. 7A the closed-loop feedback is advantageous because of the 
and FIG. 7B for K-band and Ka-band signals respec- accompanying flywheel effect and reduction in antenna 
tively. An additional feature is that the elevation beam 50 jitter induced by noise in the pilot radio channel. The 
angle may be changed from a nominal value of 46 de- flywheel effect refers to the fact that the sluggish re- 
grees (suitable for communicating with the ACTS satel- sponse of the low bandwidth feedback system tends to 
lite from the southern California region) to anywhere keep the antenna pointed at the satellite during short 
between 30 and 60 degrees with a loss of no more than periods of signal outage, assuming proper yaw-rate 
1 dB, depending upon what general region the mobile 55 sensor operation. 
antenna system is to travel in. This is accomplished by The tracking system relies heavily on the perfor- 
tilting the reflector dish 66 correspondingly. For this mance of the vehicle-yaw-rate sensor. (Compare the use 
purpose, an adjustable mechanical fastener (not shown) of 300 Hz bandwidth from the yaw-rate sensor to the 
holds the reflector dish 66 at a selected elevational 015- tracking system 0.1 Hz closed-loop feedback band- 
entation. 60 width.) The rate sensor must thereby be suitably accu- 

The azimuth patterns are shown in FIG. 7C and FIG. rate, and on the short-term provide all the information 
7D for K-band and Ka-band signals respectively. These necessary to properly point the antenna. During short- 
figures show that antenna performance is fairly consis- term signal outages (less than 10 sec), when loss of the 
tent between both the K-band and Ka-band frequency pilot signal disables the tracking feedback, the rate sen- 
ranges. This provides a significant advantage for the 65 sor is the sole source of antenna pointing information. 
dual band communications system with which the an- The sensor bandwidth must be at least about 100 Hz, so 
tenna must interface. Note that the elevation patterns of the delay in reaction to a change in vehicle yaw does 
FIG. 7A and FIG. 7B exhibit a wider and more broadly not cause significant pointing error (>0.5 deg). The 
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yaw-rate sensor must also have good linearity, mini- 
mum scale-factor error, minimum noise and minimum 
short-term bias drift. Long-term (slow) yaw-rate sensor 
bias drift-such as that imposed by temperature varia- 
tions-is compensated by the antenna tracking system 
feedback and is thereby of little concern in the selection 
of a particular sensor. 

The dithering algorithm referred to above involves 
rocking the antenna sinusoidally in azimuth angle 1 deg 
in each direction at a 2 Hz rate. The satellite sends a 
special pilot signal for antenna tracking. By correlating 
the received pilot signal level sensed by the receiver 
with the commanded dithering of the antenna angle, the 
antenna controller computer determines the sign and 
magnitude of any pointing error. 

To estimate pointing error using the mechanical dith- 
ering technique, the antenna controller makes the fol- 
lowing computations while dithering the antenna: With 
the 2 Hz dither rate two estimates of pointing error are 
generated each second. Two values are accumulated 
during the dither cycle, and when each cycle is com- 
plete the ratio of the two values yields an estimate of the 
current antenna pointing error. The denominator is 
simply the average pilot signal level received through 
the antenna during the dither cycle. The numerator is 
the difference between 1) a weighted average of the 
pilot signal level received while the antenna is dithered 
to one side, and 2)a weighted average of the signal level 
while the antenna is dithered to the other side. Proper 
choice of the weighting function reduces the relative 
variance of the pointing error estimate. In this applica- 
tion the optimum weighting (or windowing) function is 
a sinusoidal window which matches the dithering func- 
tion; its use reduces the variance by about 1 dB com- 
pared to a rectangular window. 

The antenna controller 52 FIG. 2 is illustrated in the 
block diagram of FIG. 8. The pilot signal is received 
from the pilot tracking stage 50 of FIG. 2 and converted 
to a digital signal by an analog-to-digital converter 100. 
A vehicle yaw rate sensor 102 is an inertial measure- 
ment unit mounted on the vehicle 26 of FIG. 1 and its 
output is converted to another digital signal by the 
analog-to-digital converter 100. The output of the ana- 
log-to-digital converter 100 is carried by a bus 104 (such 
as a VME bus with 32 address bits and 32 data bits) to 
a central processing unit (CPU) 106 and to a digital 
input/output (I/O) port 108. The optical encoders 76 
are also connected to the digital input output port 108. 

The CPU 106 is programmed to access the digital 
data representing the pilot signal as well as the data 
representing the output of the vehicle yaw rate sensor 
102 on the bus 104 and also to access the output of the 
optical encoders 76 via the digital I/O port 108 and the 
bus 104. The CPU 106 is further programmed to use 
that data to compute a digital command to correct the 
stepping motor position. It outputs this command on the 
bus 104 through the digital I/O port 108 to the micro 
stepping driver 110 of the pancake stepper motors in the 
pancake stepper motor base 74. In computing this com- 
mand, the CPU 106 implements the control loop illus- 
trated in the block diagram of FIG. 9. 

Referring to FIG. 9, the output of the vehicle yaw 
rate sensor 102 is integrated by an integrator 112 to 
compute the change in vehicle yaw angle. This change 
is output to the antenna stepping motor driver 110 so 
that the antenna rotates by the change in vehicle yaw 

10 
particularly accurate and therefore does not provide 
fine control. Instead, fine control of the antenna azi- 
muth angle is provided by a mechanical dithering algo- 
rithm 116 performed by the processor 106. This algo- 

5 rithm will be described below. The mechanical dither- 
ing algorithm 116 generates an error signal representing 
the pointing angle error which passes through a low 
pass filter 118 and is multiplied by a constant K in ampli- 
fier 120 as rate feedback and is multiplied by a constant 

10 G in amplifier 122 as acceleration feedback. The accel- 
eration feedback from the amplifier 122 is integrated by 
an integrator 124 and the output of the integrator 124, 
the rate feedback from the amplifier 120 and the output 
of the vehicle yaw rate sensor 102 are summed at a node 

15 126. The resulting sum is integrated by the integrator 
112 to provide a fine adjustment command to the step- 
per motor 114. 

The mechanical dithering algorithm 116 analyzes the 
received pilot signal from the satellite to compute fine 

20 azimuthal angle errors. In the process, the antenna azi- 
muthal position is dithered about its commanded posi- 
tion symmetrically to the left and right thereof in a 
periodic motion which is sinusoidal over time through a 
small predetermined dither excursion angle slightly 

25 greater than the maximum pointing angle error of the 
integrated output of the vehicle yaw sensor 102. If the 
commanded azimuthal position of the antenna is error- 
free, variation in the received intensity of the pilot sig- 
nal over time will correspond to the waveform of FIG. 

30 lOA, which is a perfectly symmetrical sine wave. If, 
however, the commanded azimuthal antenna position is 
slightly off to the left, then the intensity of the received 
pilot signal amplitude as a function of time will corre- 
spond with the waveform of FIG. 10B, in which the 

35 received signal amplitude at the left-most dither posi- 
tion is greater than that of the right-most dither posi- 
tion. This creates the asymmetrical sinusoidal wave- 
form of FIG. 10B. Finally, if the commanded azimuthal 
antenna position has an error slightly off to the right, 

40 then the received pilot signal amplitude as a function 
time corresponds with the waveform of FIG. lOC, 
which is the opposite case from FIG. 10B. Specifically, 
in FIG. 1OC the right-most dither position corresponds 
to a higher amplitude while the left-most dither position 

45 corresponds to a lower amplitude. In both FIGS. 10B 
and lOC, the locations of the peaks may be slightly 
shifted depending on the extent of the error. 

The CPU 106 processes the received pilot signal in 
accordance with the process illustrated in FIG. 11. The 

50 incoming pilot signal (corresponding to the waveform 
of FIG. 10A in the absence of any pointing error) is 
windowed with a sinusoidal mask corresponding to the 
sinusoidal dithering motion of the antenna. The signal is 
divided into right and left halves (labeled “RIGHT” 

55 and “LEFT” in FIG. 1OA). The right-half signal is 
windowed (block 120 FIG. 11) while the left-half signal 
is separately windowed (block 122 FIG. 11) with a sine 
wave corresponding to the dither motion. The window- 
ing steps may be considered as correlation of the re- 

60 ceived signals with a sine wave corresponding to the 
dithering motion of the antenna. The average of the two 
windowed signals is computed (block 124 FIG. 11). The 
results of steps of blocks 120, 122, namely the win- 
dowed right-half and left-half signals, are subtracted 

65 from one another algebraically (block 126) and the 
- result is divided by &e average computed in step of 

block 124 (block 128). The quotient computed in the 
step of block 128 corresponds to the pointing angle 

angle to within a pointing angle error. However, as 
noted previously, the vehicle yaw rate sensor 102 is not 
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error term of the dithering process 116 of FIG. 9 which means for extracting amplitude variations in said 
is output to the low pass filter 118 of FIG. 9. The pur- signal sensed from said satellite corresponding to 
pose of the low pass filter 118 of FIG. 9 is to filter out sinusoidal dithering of the rotatable platform by 
the dithering noise corresponding to the sinusoidal mo- the means of sinusoidally dithering and for deduc- 
tion of the antenna. ing therefrom said pointing error angle, and for 

Preferably, the foregoing dithering algorithm utilizes transmitting a correction signal corresponding 
the K-band pilot signal accompanying the main re- thereof to said means for rotating. 
ceived K-band signal from the satellite. 3. The antenna system of claim 1 wherein said first 

Preferably, the antenna components including the and second bands comprise K and Ka communication 
reflector dish 66 and the feed horn 64 as well as the RF 10 bands, respectively, and wherein said reflector dish 
components including the upper and lower diPlexers 60, extends on the order of ten wavelengths along said 
56, the rotary joint 58 and the orthomode transducer 62 major elliptical axis and on the order of several wave- 
are each formed of highly conductive metal such as lengths along said minor elliptical axis. 
COppeT or aluminum. 4. The antenna system of claim 3 wherein said feed- 

specific reference to preferred embodiments thereof, it 
is understood that the variations modifications may be 

of the invention. 

5 

While the invention has been described in detail by 15 horn is on the order of 1.5 inches long, 0.75 inches high 
and 0.5 inches wide at said front end thereof. 
5. ne antenna system of claim wherein said ellipti- 

flector dish along an ellipse projection axis lying at a 
2o projection angle with respect to a parabolic axis of said 

paraboloid of said reflector dish. 

tion angle is on the order of 25.2 degrees, said parabo- 
loid has a parabolic focal length of 1.673 in. and said 

said major axis and 2.3 in. along said minor axis. 
7. The antenna system of claim 2 wherein said means 

for transmitting to said feed-horn signals of a first fre- 

made without departing from the and scope cal aperture is projected onto a paraboloid of said re- 

What is claimed is: 
1. A compact dual-band mobile satellite-tracking 

communicating with a satellite in earth orbit, said an- 
tenna system comprising: 

antema system for mounting on a movable body for 6. ne antenna system of claim 5 wherein said projec- 

a Parabolic reflector dish having an aperture 25 elliptical aperture on the order of 5.9 in. along with major a d  minor elliptical axes, said major 
elliptical axis being aligned in a generally horizon- 
tal direction.and said minor elliptical axis being 
aligned in a generally vertical direction; 

a feed-horn having a back end and an open front end 30 quency band and receiving from said feed-horn signals 
Of a second frequency band comprises a microwave facing said reflector dish at a focal point thereof 

and comprising vertical side walls 

angle and horizontal top and bottom walls 
out from said back end to said front end at a second 35 crowave receiver. 

second horn angle; 
for transmitting to said feed-horn sign&s of a 

first frequency band for transmission via said re- 
flector dish to said satellite and receiving from said 40 
feed-horn signals of a second frequency band re- 
flected by said reflector dish from said satellite; and 

antenna attitude control means for maintaining an 
antenna azimuth direction relative to said satellite, 
wherein said reflector dish has a fixed elevational 45 
angle corresponding to an elevation of said satel- 
lite; and wherein 

said major elliptical axis is aligned in a generally 
horizontal direction and said first horn angle is 
chosen whereby to maximize azimuthal direction- 50 
ality of said reflector dish, and said minor elliptical 
axis is aligned in a generally vertical direction and 
said second horn angle is chosen whereby to mini- 
mize elevational directionality of said reflector dish 
to an extent Corresponding to expected pitch excur- 55 
sions of said movable body. 

out rotary joint concentric with said rotatable platform for 

said feed-horn and a microwave transmitter and a mi- 
from said back end to said front end at a first horn COUphg Signals Of Said first and second bands between 

horn angle, said first horn angle being less than said 8. The antenna system of claim 7 wherein said means 
for transmitting to said feed-horn signals of a first fre- 
quency band and receiving from said feed-horn signals 
of a second frequency band further comprises: 

an orthomode transducer coupled to said back end Of 
said feed-horn and having first and second ports 
corresponding to said first and second frequency 
bands; 

a diplexer having a common port for conducting 
signals of both said first and second bands, said 
common port connected to said rotary joint, and 
separate ports corresponding to said first and sec- 
ond bands respectively, said separate ports of said 
diplexer being connected to corresponding ones of 
said first and second ports of said orthomode trans- 
ducer. 

9. The antenna system of claim 1 wherein said lesser 
horn angle is on the order of 2 degrees and said greater 
horn angle is on the order of 13 degrees. 

10. The antenna system of claim 2 wherein said dither 
angle is on the order of 1 degree to the right and to the 
left of a current antenna azimuth angle commanded by 
said means for rotating and wherein said sinusoidal 
dithering has a rate on the order of 2 Hz. 

11. The antenna system of claim 10 further compris- 
ing a yaw rate sensor for sensing a rate of change of said 
yaw angle with a bandwidth on the order of 300 Hz. 

12. The antenna system of claim 1 further comprising 
a radome covering said reflector dish and said feed-horn 

13. The antenna system of claim 1 wherein said re- 
flector dish is aligned with an elevational angle of on the 
order of 46 degrees and said feed-horn points at said 

2. The antenna system of claim 1 wherein said reflec- 
tors dish and feed-horn are mounted on a generally 
horizontal platform rotatable in azimuth, said antenna 
attitude control means comprising: 

means for rotating said rotatable platform through an 
azimuth angle in response to sensed yaw motions of 
said movable body so as to compensate for said 
yaw motions to within a pointing error angle; 

form through a small azimuth dither angle greater 
than said pointing error angle while sensing a signal 
from said satellite received at said reflector dish 

60 

means for sinusoidally dithering said rotatable plat- 65 and having a diameter on the order of 23 cm. 
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reflector dish at an angle of on the order of 4 degrees 
with respect to horizontal. 

14. A compact dual-band mobile satellite-tracking 
antenna system for mounting on a movable body for 
communicating with a satellite in earth orbit, said an- 5 
tenna system comprising: 

a rdkctor dish having a non-sY~etrica1 aperture 
with major and minor axes, said major axis being 
aligned in a generally horizontal direction and said 
minor axis being aligned in a generally Vertical 10 
direction; 

a feed-horn having a back end and an open front end 
facing said reflector dish at a focal point thereof 
and comprising vertical side walls opening out 
from said back end to said front end at a first horn 15 
angle and horizontal top and bottom walls opening 
out from said back end to said front end at a second 
horn angle, said first horn angle being less than said 
second horn angle; 

means for transmitting to said feed-horn signals of a 20 
first frequency band for transmission via said re- 
flector dish to said satellite and receiving from said 

flected by said reflector dish from said satellite; and 
antenna attitude control means for maintaining an 25 . 

antenna azimuth direction relative to said satellite, 
wherein said reflector has a fured elevational angle 

wherein, said major axis is aligned in a generally yaw angle with a bandwidth on the order of 300 Hz. 
horizontal direction and said first horn angle is 3o . 22. The antenna system of claim 14 further compris- 

chosen whereby to azimuthal direction- mg a radome covering said reflector dish and said feed- 
ally of said reflector dish, and s& minor axis is horn and having a diameter on the order of 23 cm. 
aligned in a generally direction and said 23. The antenna system of claim 14 wherein said 
second horn angle is chosen whereby to minimize reflector dish is aligned with an elevational angle of on 
elevational directionally of said reflector dish to an 35 the order of 46 degrees and said feed-horn points at said 
extent corresponding to expected pitch excursions reflector dish at an angle of on the order of 4 degrees 
of said movable body. with respect to horizontal. 

14 wherein said 24. A compact dual-band mobile satellite-tracking 
reflector dish and said feed-horn are mounted on a gen- antenna System for mounting on a movable body for 
erauy horizontal platform robtable in azimuth, 40 COInnlUniCating with a satellite in earth orbit, said an- 
antenna control means comprising: tenna system comprising: 

a reflector dish having a non-symmetrical aperture 
with major and minor axes, said major axis being 
aligned in a generally horizontal direction whereby 
to maximize azimuthal directionality of said reflec- 
tor dish and said minor axis being aligned in a gen- 
erally vertical direction whereby to minimize ele- 
vational directionality of said reflector dish to an 
extent corresponding to expected pitch excursions 
of said movable body; 

a feed-horn having a back end and an open front end 
facing said reflector dish at a focal point thereof 
and comprising vertical side walls opening out 
from said back end to said front end at a first horn 
angle and horizontal top and bottom walls opening 
out from said back end to said front end at a second 
horn angle, wherein said first horn angle is less than 
said second horn angle, and wherein said reflector 
dish and said feed-horn are mounted on a generally 
horizontal platform rotatable in azimuth; 

means for rotating said rotatable platform through an 
azimuth angle in response to sensed yaw motions of 
said movable body so as to compensate for said 
yaw motions to within a pointing error angle; 

means for sinusoidally dithering said rotatable plat- 
form through a small azimuth dither angle greater 
than said pointing error angle while sensing a signal 
from said satellite received at said reflector dish; 

rotary joint concentric with said rotatable platform for 
coupling signals of said first and second bands between 
said feed-horn and a microwave transmitter and a mi- 
crowave receiver. 

19. The antenna system of claim 18 wherein said 
means for transmitting to said feed-horn signals of a first 
frequency band and receiving from said feed-horn sig- 
nals of a second frequency band further comprises: 

an orthomode transducer coupled to said back end of 
said feed-horn and having first and second ports 
corresponding to said first and second frequency 
bands; 

port for conducting 
signals of both said first and second bands, said 

port connected to said rotary joint, and 
separate ports corresponding to said first and sec- 
ond bands respectively, said separate ports of said 
diplexer being connected to corresponding ones of 
said first and second ports of said orthomode trans- 
ducer. 

20. The antenna system of claim 15 wherein said 
dither angle is on the order of degree to the right and 

manded by said for rotating and wherein said 
sinusoidal dithering has a rate on the order of 2 Hz. 

21. The antenna system of claim 20 further compris- 

a diplexer having a 

feed-horn Of a second frequency band re- to the left of a current antenna azimuth angle corn- 

corresponding to an elevation of said satellite; and ing a Yaw rate sensor for sensing a rate Of change Of said 

15. ne antema system of 

means for rotating said rotatable platform through an 
azimuth angle in response to sensed yaw motions of 
said movable body so as to compensate for said 
yaw motions to within a pointing error angle; 

means sinusoidally dithering said rotatable platform 
through a small azimuth dither angle greater than 
said pointing error angle while sensing a signal 
from said satellite received at said reflector dish; 

means for extracting amplitude variations in said 50 
signal sensed from said satellite corresponding to 
sinusoidal dithering of the rotatable platform by 
means for sinusoidally dithering and for deducing 
therefrom said pointing error angle, and for trans- 
mitting a correction signal corresponding thereto 55 
to said means for rotating. 

45 

16. The antenna system of claim 15 wherein said first 
and second bands comprise K and Ka communication 
bands, respectively, and wherein said reflector dish 
extends on the order of ten wavelengths along said 60 
major axis and on the order of several wavelengths 
along said minor elliptical axis. 

17. The antenna system of claim 16 wherein said 
feed-horn is on the order of 1.5 inches long. 

18. The antenna system of claim 15 wherein said 65 
means for transmitting to said feed-horn signals of a first 
frequency band and receiving from said feed-horn sig- 
nals of a second frequency band comprises a microwave 
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means for extracting amplitude variations in said corresponding to said first and second frequency 
signal sensed from said satellite corresponding to bands; 
sinusoidal dithering of the rotatable platform by a diplexer having a common port for conducting 
the means for sinusoidally dithering and for deduc- signals of both said first and second bands, said 
ing therefrom said, pointing error angle, and for 5 COmmon Port COnnected to said r o w  joint, and 
transmitting a correction signal corresponding separate ports corresponding to said first and sec- 
thereto to said means for rotating. ond bands respectively, said separate ports of said 

25. The antenna system of claim 24 wherein said first diplexer being connected to corresponding ones of 
said first and second ports of said orthomode trans- and second bands comprise K and Ka communication 

bands, respectively, and wherein said reflector dish lo ducer. 
extends on the order of ten wavelengths along said 30* The system Of wherein said 

dither angle is on the order of 1 degree to the right and major elliptical axis and on the order of several wave- to the left of a current antenna azimuth angle com- lengths along said minor elliptical axis. manded by said means for rotating and wherein said 26. The antenna system of claim 25 wherein said 

31. The antenna system of claim 30 further compris- feed-horn is on the order of 1.5 inches long. 
27' The antenna system Of 24 further compris- ing a yaw rate sensor for sensing a rate of change of said 

ing means for transmitting to said feed-horn signals of a yaw angle with a bandwidth on the order of 3oo Hz. 
first frequency band and receiving from said feed-horn 32. The antenna system of claim 24 further compris- 
signals of a second frequency band. 20 ing a radome covering said reflector dish and said feed- 

27 wherein said horn and having a diameter on the order of 23 cm. 
means for transmitting and receiving comprises a micro- 24 wherein said 
wave rotary joint concentric with said rotatable plat- reflector dish is aligned with an elevationd angle of on 

15 sinusoidal dithering has a rate on the order of 2 Hz. 

28. The antenna system Of 

33. The antenna system of 

form for Coupling Signals Of said first and second bands the order of 46 degrees and said &&horn points at said 
between said feed-horn and a microwave transmitter 25 reflector dish at an angle of on the order of 4 degrees 

with respect to horizontal. 
24 wherein said 

reflector dish is adjustable to any fixed elevational ori- 
entation within a predetermined range of elevational 

30 orientations corresponding to a geographical region of 
mobility of said antenna system. 

and a microwave receiver. 
29. The antenna system of claim 28 wherein said 

means for transmitting to said feed-horn signals of a first 
frequency band and receiving from said feed-horn sig- 
nals of a second frequency band further comprises: 

an orthomode transducer coupled to said back end of 

34. The antenna system of 

said feed-horn and having first and second ports * * * * *  
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