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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present invention is a continuation-in-part
of U.S. Application Ser. No. 10/752,088, filed Jan. 7, 
2004, entitled Mobile Antenna System for Satellite Com
munications, and of U.S. Application Ser. No. 11/183,007 
filed July 18, 2005, entitled Mobile Antenna System for 
Satellite Communications, U.S. Application Ser. No. 
11/074,754, filed March 9,2005, entitled Method and Ap
paratus for Providing Low Bit Rate Satellite Television 
To Moving Vehicles and U.S. Application Ser. No. 
10/925,937, filed August 26, 2004, entitled System For 
Concurrent Mobile Two-way Data Communications and 
TV Reception, U.S. Provisional Application 60/653,520, 
Filed February 17, 2004, entitled Method and Apparatus 
for Incorporating an Antenna on a Vehicle, U.S. Applica
tion Ser. No. 11/071,440, filed March 4, 2005, entitled 
Low Cost IndoorTest Facility and Method for Mobile Sat
ellite Antennas, U.S. Application Ser. No. _/__,__filed
September 6,2005, entitled Tracking System for Flat Mo
bile Antenna (PCT/BG2004/000004 filing in U.S. under
§371), U.S. Application Ser. No._/__,__filed September
6, 2005, entitled Flat Mobile Antenna System 
(PCT/BG2004/000003 filing in U.S. under §371), U.S. 
Application Ser. No. 10/752,088, filed January 7, 2004, 
entitled Mobile Antenna System for Satellite Communi
cations, U.S. Application Ser. No. 11/183,007, filed July 
18, 2005, entitled Mobile Antenna System for Satellite
Communications, U.S. Application Ser. No. _/__,__, filed
October 25, 2005, entitled Digital Phase Shifter 
(PCT/BG2004/000008 filing in U.S. under §371), Inter
national Application Ser. No. PCT/BG2004/00011, enti
tled Flat Microwave Antenna, Filed July 7, 2003, U.S. 
Application Ser. No. 10/498,668, Filed June 10, 2004, 
entitled Antenna Element, each of the foregoing applica
tions is hereby specifically incorporated by reference in 
their entirety herein. With respect to any definitions or 
defined terms used in the claims herein, to the extent that 
terms are defined more narrowly in the applications in
corporated by reference with respect to how the terms 
are defined in this application, the definitions in this ap
plication shall control.

TECHNICAL FIELD

[0002] The present invention relates generally to mo
bile antenna systems with steerable beams and more 
particularly to applications for low profile steerable an
tenna systems for use in satellite communications.

BACKGROUND

[0003] There is an ever increasing need for communi
cations with satellites, including reception of satellite 
broadcasts such as television and data and transmission 
to satellites in vehicles such as trains, cars, SUVs etc.

that are fitted with one or more receivers and/or trans
mitters, not only when the vehicle is stationary (such as 
during parking) but also when it is moving.
[0004] The known antenna systems for use for mobile 
Direct Broadcast Satellite (DBS) reception can be gen
erally divided into several main types. One type utilizes 
a reflector or lens antenna with fully mechanical steering. 
Another type uses phased array antennas comprised of 
a plurality of radiating elements. The mechanically steer
able reflector antenna has a relatively large volume and 
height, which, when enclosed in the necessary protective 
radome for mobile use, is too large and undesirable for 
some mobile applications, especially for ground vehicles. 
For use with in-motion applications, the antenna housing 
as a whole should be constrained to a relatively low height 
profile when mounted on a vehicle.
[0005] The array type comprises at least three sub
groups depending on the antenna beam steering 
means--fully electronic (such as the one disclosed in U.S. 
Pat. No. 5,886,671 Riemer et al.); fully mechanical; and 
combined electronic and mechanical steering. The 
present invention relates to the last two sub-groups.
[0006] Other patents related to antenna systems in
clude U.S. Patents: 6,975,885, 6,067,453, 5,963,862, 
5,963,862, 6,977,621,6,950,061,5,835,057, 5,835,057, 
6,977,621,6,653,981,6,204,823 and U.S. Patent Publi
cation: 20020167449.
[0007] Phased array antennas are built from a certain 
number of radiating elements displaced in planar or con
formal lattice arrangement with suitable shape and size. 
They typically take the form of conformal or flat panels 
that utilize the available space more efficiently than re
flector solutions and therefore can provide a lower height 
profile. In certain cases the mentioned panel arrange
ments can be divided into two or more smaller panels in 
orderto reducefurtherthe height, thereby rendering such 
arrangements more suitable for vehicles. Such an anten
na for DBS receiving is described in A MOBILE 12 GHZ 
DBS TELEVISION RECEIVING SYSTEM, authored by 
Yasuhiro Ito and Shigeru Yamazaki in "IEEE Transac
tions on Broadcasting," Vol. 35, No. 1, March 1989 (here
inafter "the Ito et al. publication").
[0008] There is thus a need in the art to provide a mo
bile antenna system with low profile and better radiation 
pattern keeping relatively low cost, suitable for mounting 
on moving platforms where the size is an issue as is the 
case in RVs trains, SUVs, bus, boats etc.

BRIEF SUMMARY

[0009] This Summary is provided to introduce selected 
features of the invention more particularly described in 
the Detailed Description below. This Summary is not in
tended to limit the many inventions described in the De
tailed Description but merely to highlight and simplify 
some of these inventions in a simplified context. The in
ventions are defined by the claims and the summary is 
not intended nor shall it be used to import limitations into
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the claims which are not contained therein.
[0010] In some aspects of the invention, a method may 
include applications of low profile mobile two-way satel
lite terminals and systems to military applications.
[0011] In still further aspects of the invention, the mil
itary applications shall include command and control ap
plication.
[0012] In further aspects of the invention, the military 
applications shall include medical applications.
[0013] In further aspects of the invention, the military 
applications shall include logistics applications.
[0014] In further aspects of the invention, the military 
applications shall include targeting applications.
[0015] In further aspects of the invention, the military 
applications shall include battle field control applications 
including targeting applications.
[0016] In still further aspects of the invention, the ap
plications of the low profile two-way mobile satellite ter
minal shall include first responder applications.
[0017] In further aspects of the invention, the first re
sponder applications shall include disaster relief applica
tions.
[0018] In other aspects of the invention, the two way, 
low profile, mobile satellite terminal may be constructed 
and mounted for military applications.
[0019] In further aspects of the invention, the two way, 
low profile, mobile satellite terminal may be mounted to 
the roof of a cab of a vehicle.
[0020] In further aspects of the invention, the two way, 
low profile, mobile satellite terminal may be mounted to 
the turret of a tank behind the hatch.
[0021 ] In further aspects of the invention, the two way, 
low profile, mobile satellite terminal may be mounted to 
the back portion of the turret of a tank away from the 
cannon end.
[0022] In further aspects of the invention, the two way, 
low profile, mobile satellite terminal may be mounted to 
the flat top portion of the tank below the turret.
[0023] In further aspects of the invention, the two way, 
low profile, mobile satellite terminal may be mounted to 
the top of a humvee behind a gunners hatch.
[0024] In further aspects of the invention, the two way, 
low profile, mobile satellite terminal may be mounted to 
the roof of an ambulance.
[0025] In further aspects of the invention, the two way, 
low profile, mobile satellite terminal may be mounted to 
the top of a heliocopter in front of the tail section and 
behind the main cockpit.
[0026] In still further aspects of the invention, a anten
na apparatus may include multiple network links to var
ious aspects of the command and control structure.
[0027] In other aspects of the invention, the various 
aspects of the command and control structure include 
intelligence and logistics.
[0028] These and other aspects will be described in 
greater detail below. The invention is specifically con
templated as including any of the foregoing aspects of 
the invention in any combination or subcombination and

may further include additional aspects of the invention 
from the text below in any combination or subcombina
tion. In particular, when view in relation to the prior art 
cited herein, oneskilled in the art will recognize numerous 
inventions from the description herein and this summary 
section is not limiting in as to the inventive concepts dis
closed herein, which will only be defined by any final 
claims issuing in a patent.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] A more complete understanding of the features 
described herein and the advantages thereof may be ac
quired by referring to the following description by way of 
example in view of the accompanying drawings, in which 
like reference numbers indicate like features, and where
in:
[0030] FIG. 1 illustrates an antenna unit in accordance 
with embodiments of the invention;
[0031] FIG. 2 illustrates a block diagram of a combin- 
ing/splitting module in accordance with embodiments of 
the present inventions;
[0032] FIG. 3A-3C illustrate schematically a side view 
of an antenna unit in different elevation angles, in accord
ance with embodiments of the invention;
[0033] FIG. 4 is a diagram showing exemplary embod
iments of the present invention;
[0034] FIG. 5 illustrates a schematic view of an em
bodiment of the low profile two-way antenna outdoor unit;
[0035] Fig. 6 is a block diagram of a two way terminal 
in embodiments having an external modem;
[0036] FIG. 7 is an illustration of receive panels which 
may be utilized in an outdoor unit;
[0037] FIG. 8 is an illustration of a transmit panel in 
combination with a plurality of receive panels which may 
be utilized in an outdoor unit;
[0038] FIGS. 9 and 10 show H and V signal phase 
combiners which may be utilized in embodiments of the 
outdoor unit;
[0039] FIG. 11 is an illustration of an exemplary em
bodiment of a global positioning system;
[0040] FIG. 12 is an illustration of an exemplary em
bodiment of a received signal strength indicator;
[0041] FIG. 13 is an exemplary duplexer which may 
be utilized in the outdoor unittoallowtransmit and receive 
signals to be carried on the same cable;
[0042] FIG. 14 is an illustration of an exemplary em
bodiment of a block up converter;
[0043] FIG. 15 is an illustration of an exemplary em
bodiment of a elevation motors controller;
[0044] FIG. 16 is an illustration of an exemplary em
bodiment of a central processing unit module for use in 
connection with the outdoor unit;
[0045] FIG. 17 is an illustration of an exemplary em
bodiment of an outdoor unit rotary joint for use with out
door units which employ a mechanical rotary joint as op
posed to an electronic direction mechanism.
[0046] FIG. 18 is an illustration of an exemplary low
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noise block and power injector;
[0047] FIG. 19 is an illustration of an exemplary gyro 
sensor block;
[0048] FIG. 20 is an illustration of an exemplary azi
muth motor and azimuth control board;
[0049] FIG. 21 is a block diagram of a low profile two 
way satellite antenna in accordance with some aspects 
of the present invention;
[0050] FIG. 22 is a b I oc k/i 11 u strati ve diagram of an as
sembly which may function as an indoor unit for the low 
profile two-way satellite antenna illustrated in Fig. 21;
[0051] FIGS. 23-24 illustrate various places the low 
profile two-way satellite antenna may be placed on a tank 
(e.g., an Abrams tank);
[0052] FIG. 25 illustrates an exemplary gunners sta
tion in an Abrams tank which may be retrofitted with em
bodiments of the present invention;
[0053] FIG. 26 illustrates an exemplary thermal site for 
use in an Abrams tank;
[0054] FIG. 27 illustrates an exemplary layout of elec
tronics in an Abrams tank;
[0055] Fig. 28 is a two way semi-electronic scanning 
antenna;
[0056] Fig. 29 is an exemplary embodiment of a low 
profile antenna;
[0057] Fig. 30-31 are exemplary embodiments of a low 
profile antenna outfitted to mobile command centers;
[0058] Figs. 32-34 and 36-38 are illustrative embodi
ments of a low profile antenna mounted to various military 
vehicles.
[0059] Fig. 35 is an illustrative embodiment of a low 
profile antenna mounted to a police/ambulance/emer- 
gency response team.

DETAILED DESCRIPTION

[0060] In the following description of the various em
bodiments, reference is made to the accompanying 
drawings, which form a part hereof, and in which is shown 
by way of illustration various embodiments in which the 
invention may be practiced. It is to be understood that 
other embodiments may be utilized and structural and 
functional modifications may be made without departing 
from the scope and spirit of the present invention.
[0061] FIG. 1 illustrates a perspective view of an an
tenna unit 50, in accordance with an embodiment of the 
invention. In this exemplary embodiment, four antenna 
arrangements (51 to 54) may be mounted on a common 
rotary platform 55 using any suitable arrangement such 
as carriages/bearings disposed about at the center of 
each end of the antenna arrangement. In alternative em
bodiments, the antenna elements may be controlled us
ing electronic steering such as a stepper motor, motor 
controller, angular rotation mechanism or other suitable 
arrangement. In the exemplary embodiment shown in 
FIG. 1, the carriages provide mechanical bearing for a 
traversal about an axis of rotation (see, for example, 56 
marked in dashed line in FIG. 1) about perpendicular to

the elevation plane of the antenna arrangement. In ex
emplary embodiments, the rotation of the antenna ar
rangement around the axis provides its elevation move
ment giving rise to different elevation angles as shown 
in FIGS. 3A to 3C. Although the elevation angles in this 
embodiment are provided via mechanical means, a lower 
profile at somewhat increased cost, may be achieved by 
using electronic steering of the elevation angles, thus 
eliminating the mechanical axis of rotation. This has the 
advantage of increasing reliability. This alternative em
bodiment is set forth more fully below.
[0062] The rotation in the azimuth plane may be real
ized by any suitable mechanism. Exemplary mecha
nisms include electronic steering which can increase 
costs but has the advantage of increasing reliability. The 
rotation in the azimuth plane may also be realized by 
rotating the rotary platform 55 about axis 57, typically 
disposed about normal thereto. Note that in this exem
plary embodiment, the steering in the azimuth plane is 
performed mechanically using a mechanical driving 
mechanism, but electronic steerable antenna elements 
are also within the scope of the invention as more fully 
set forth below. It should be understood thatthe invention 
is, however, not bound by mechanical movement in the 
azimuth plane or in the elevation plane, again as more 
fully set forth below.
[0063] Returning to the elevation plane, in exemplary 
embodiments, the axes of rotation of two or more and/or 
all antenna arrangements may be disposed parallel each 
to other. For example, on the rotary platform 55 there 
may be mounted two rails 58 and 59 joined with the car
riages, at their bottom side using a mechanical mecha
nism such as wheels or bearings. This may facilitate slide 
motion of the carriages in the rails 58 and 59. In this 
manner, a linear guided movement in direction perpen
dicular to the axes of rotation of the antenna arrange
ments may be achieved, to thereby modify the distance 
between the axes of the antenna arrangements (e.g. D, 
D1 and D2 shown in FIGS. 3Ato 3C). An electrical motor 
with proper gears (not shown) may be provided for pro
viding movement of the carriages in the rails. Note that 
the electrical motor and associated gears are a non-lim
iting example of driving mechanism and those skilled in 
the art will recognize other driving mechanisms. In still 
alternate embodiments, the drive motors and rails may 
be replaced by electrical switching a planar array antenna 
such that different elements disposed a different distance 
apart may be activated. The outputs of the selected ele
ments may be input into the combining/splitting device 
to implement an electronic distance adjusting mecha
nism.
[0064] Antenna arrangements may be rotated around 
their respective transversal axes in a predetermined re
lationship with the elevation angle. Further, the antenna 
arrangements may be simultaneously moved back and 
forth changing the distance between each other, all as 
described in the applications incorporated by reference 
above.
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[0065] With respect to some embodiments as illustrat
ed in FIG. 2, the antenna arrangements may have signal 
ports connected trough a connectivity mechanism 551, 
e.g. coaxial cables to a common RF combining/splitting 
device 552, which may provide combining/splitting of the 
signals, changing the phase or time delay for each an
tenna arrangement to combine the signals for each panel 
in a predetermined relationship with the tracking eleva
tion angle and corresponding instantaneous distance be
tween antenna arrangements and providing the com- 
bined/split signal to the down converter 553 and satellite 
receiver 554.
[0066] In exemplary embodiments, the antenna unit 
tracks the satellite (being an example of a tracked target) 
using directing and tracking techniques, for instance by 
using gyroscope and/or one or more direction sensor(s) 
555, connected to the processor unit 556, which may be 
utilized to control elevation and distance movement 
mechanism 557, azimuth movement mechanism 558 
and combining/splitting device 552 to direct the antenna 
at the satellite and/or in addition tracking the radio waves 
received from the satellite. Note that aspects of the in
vention are not bound by the specific configuration and/or 
manner of operation of FIG. 2.
[0067] Bearing this in mind, there follows a non limiting 
example concerning change of the distances between 
the axes (e.g. the specified D, D1 and D2 distances) per
formed in a predefined relationship with the elevation an
gle. More specifically by one example, the relationship 
complies with the following equation: 1 D = 1 sin (e) * W, 
where D represents the distance between said axes of 
rotation of the arrangements, e may be the elevation an
gle and W may be the width of the arrangements’ aper
tures. In this particular example, there are no gaps ap
pearing for any elevation angle (as is the case for exam
ple with the specific examples depicted in FIGS. 3A-3C.
[0068] Turning nowto FIG. 3A-C, there is shown, sche
matically a side view of an antenna unit with four antenna 
arrangements in different elevation angles, in accord
ance with an embodiment of the invention.
[0069] In one embodiment, the antenna arrangements 
(e.g. 51 to 54 of FIG. 1) are realized as planar phased 
array antennas (being an example of planar element ar
ray). By another embodiment, the arrangements are re
alized as conformal phased arrays (being an example of 
conformal element array). By still another embodiment, 
the arrangements are realized as e.g. reflector, lens or 
horn antennas. Othervariants are applicable, all depend
ing upon the particular application.
[0070] In some preferred embodiments for mobile ap
plications, the antenna arrangements include one or 
more planar phased array antenna modules, acting to
gether as one antenna. In accordance with certain em
bodiment of the invention, a reduced height of the anten
na unit is achieved, thereby permitting a relatively low- 
height for the protective covering e.g., radome. For in
stance, for a satellite reception system operating at Ku- 
band (12 GHz) this could permit a low height antenna

with height reduction to less than about 13 cm, or even 
less than about 10 cm (or even preferably less than about 
8 cm). In the case of electronic steering of the antenna, 
a height of less than about 2 cm may be achieved. In one 
embodiment, the antenna has a diameter of 80 cm. (see 
50 in FIG. 1), but this size may also be reduced to less 
than about Vfe a meter and even less than about 1/3 of a 
meter. The reduced height and size of the antenna unit 
is achieved due the use of more antenna arrangements 
and the distance change between the arrangements, all 
as described above. The fact that more arrangements of 
smaller size are used and give rise to reduced height as 
is clearly illustrated in FIGS. 3A and 3C.
[0071] Note that the use of antenna arrangements of 
smaller size (in accordance with the invention) whilst not 
adversely affecting the antenna’s performance may, in 
one embodiment, be brought about due to the use of 
variable distances between the antenna arrangements. 
Whenever necessary, additional optimizing techniques 
are used, all as described in detail above in the applica
tions incorporated by reference. The use of antenna unit 
with reduced height, is an esthetic and practical advan
tage for a vehicle, such as train, SUV, RV, car, and has 
substantial benefits for military vehicles where the com
munication equipment is often targeted by an adversary.
[0072] Certain embodiments the antenna arrange
ments may be configured to provide transmit, receive or 
both modes. For example, array panels implemented for 
transmission at a suitable frequency, e.g. 14 GHz or at 
Ka-band (around 30 GHz) may be combined with those 
for reception, either on the same array panels, on differ
ent panels mounted to the same platform, or on a com
pletely separate rotating platform. The tracking informa
tion for the transmit beam(s) could, in one example, be 
derived from the information received by the reception 
beam(s). The principles embodied herein would apply. If 
multiple transmit panels, separate from the receive pan
els, are used, the transmit panel spacings would be ad
justed separately from those of the receive panels. If 
transmit and receive functions are combined on the same 
panels, the spacing criteriaforthe radiating elements and 
the inter-panel spacings can be derived from straightfor
ward application of array antenna design principles and 
the panel spacing criteria described herein.
[0073] The present invention comprises a terminal 
system using low profile transmit receive antenna, that 
is suitable for use with a variety of vehicles, for in-motion 
satellite communications in support of two way data 
transfer. With reference to the illustration in Fig.4 of an 
exemplary system in which the invention may be em
ployed, a mobile vehicle for example a tank 203 has 
mounted thereon a terminal system, comprising a low 
profile antenna terminal 201 and satellite modem 202, 
which communicate trough satellite 200 with a hub earth 
station 204. The satellite 200 may be a geostationary 
FSS, DBS or other service satellite working in Ku (or Ka) 
band or may be an end of life satellite on inclined orbit 
or a satellite arranged on low earth (LEO) or medium
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9 EP 1 806 808 A2 10

earth orbit (MEO) since the low profile antenna 201 is 
capable to track the satellite while in-motion and it is not 
needed satellite to stay fixed on the geostationary arc 
with respect to the antenna location on the earth surface. 
The earth station 204 supports the communication net
work, comprising many mobile terminals insuring 
processing information received and transmitted to mo
bile terminals as well as the interface with the terrestrial 
networks.
[0074] The example refers to a preferred application, 
namely low profile antenna terminal (shown on Fig. 5, 6) 
for in motion two-way communication using satellites ar
ranged on geostationary orbit or LEO or MEO orbits or 
end of life satellites on inclined orbit. While LEO and MEO 
orbits may be utilized, geostationary orbits may be pre
ferred since there is substantial bandwidth available to 
the military and other organizations in the Ka and Ku 
bands. The preferred shape of the antenna build in the 
terminal comprises flat panels in order to decrease the 
overall height of the whole system. In one preferred ap
plication these could be several receive and transmit pan
els in order to optimize the size of the antenna aperture, 
which may be fitted in the specific volume with preferred 
minimal height. The terminal may include outdoor unit 
(ODU)15 and indoor unit (IDU) 14. The IDU15 comprises 
a rotating platform 11 and a static platform 13.
[0075] The outdoor unit may be variously configured 
and may include one or more of receive and transmit 
panels, phase combiners, global positioning system 
(GPS), received signal strength indicator (RSSI), diplex- 
er(s), block up converter(s), elevation motor controller 
(s), central processing unit(s), rotary joint, gyro sensor 
block(s), azimuth motor and control board, low noise 
block(s), and power injector(s).
[0076] The rotating platform 11 may also be variously 
configured to include transmit (Tx) and receive (Rx) sec
tions. The transmit section may include, for example, a 
flat and/or low profile antenna transmit panel 1, mechan
ical polarization control device 25 and up converter unit 
-block-up converter (BUC) 24.
[0077] The transmit antenna panel 1 may be variously 
configured to transmits signals with linear polarization. 
In this embodiment, a array antenna technology may be 
utilized which can comprise one or more dual port radi
ating elements (the antenna panel architecture and tech
nology used are described in details in the patent appli
cation "Flat Mobile Antenna" PCT/BG/04/00011). In this 
embodiment, the antenna may be designed to work in 
transmit mode in the 14-14.5 GFIz frequency band.
[0078] The signal power to each one of the two ports 
of the radiating elements may be delivered by two inde
pendent feeding networks one for all horizontal and one 
for all vertical radiating elements ports. The one or more 
independent feeding networks (e.g., two) are connected 
to the outputs of the polarization control device 25 in order 
to achieve the needed amplitude and phase combination 
of the signals delivered to each one of the two ports. In 
this example, the radiating elements may be configured

to match the polarization tilt angle of the transmitted sig
nal with the polarization of the receiving antenna situated 
on the satellite. In exemplary embodiments, the feeding 
networks comprise properly combined stripline and 
waveguide power splitting devices in order to minimize 
signal losses. The block up converter 24 may be config
ured to include up-converting circuit, a high power am
plifier up-converting, and/or amplifying the transmit sig
nal with intermediate frequency. In exemplary embodi
ments, these may operate in the L band with the satellite 
modem 202. In another application, one or more high 
power amplifying modules may be integrated directly to 
each one of the transmit panel inputs in orderto minimize 
signal losses between any up-converter unit(s) and ra
diating element(s). In this case a mechanical and/or elec
tronic polarization control device connected between the 
up-converter and power amplification units may be used. 
The electronic polarization control may comprise suitable 
circuitry such as electronic controlled phase controlling 
devices and attenuators in orderto control the amplitude 
and phase of the signals applied to each one of the an
tenna panel inputs.
[0079] The Receive section may be variously config
ured. For example, the receive section may include multi 
panel receive antenna. Where multi panel receive anten
na are utilized, they may include one or more "large" 5 
and/or "small" 7 antenna panels. Where a rotating plat
form is used, the multi panel may be situated on the same 
rotating platform with the transmit panel 1 and aligned 
properly to have either exactly and/or about the same 
directions of the main beams. In this manner, the panels 
5 and 7 have an extended frequency band of operation 
in orderto simultaneously cover both FSS (11.7 - 12.2 
GFIz) and DBS (12.2 -12.7 GFIz) bands.
[0080] Where mechanical elevation controls are uti
lized, the elevation angles and/or the distances between 
the receive panels may be controlled by the elevation 
mechanics and elevation controlling motors 37. These 
devices may be variously arranged such as on the backs 
of the receiving panels 5,7 in order to achieve best per
formance in the whole elevation scan range. One em
bodiment of such a construction including its principles 
of operation and construction of the multi-panel antenna 
receive system are disclosed in the patent application 
USA No 10/752,088 Mobile Antenna System for Satellite 
Communications, herein incorporated by reference. In 
another application, the distances between receiving 
panels may be optimized for a given range of elevation 
angles and stay fixed in order to simplify the elevation 
controlled mechanics. Flowever, fixed distances may re
sult in degradation in the reception performance.
[0081] In still further embodiments, one or more com
bining and phasing blocks 20 (for example, two where 
each one is dedicated to one of the two independent lin
ear polarizations), may be utilized to properly phase and 
combine the signals coming from the antenna panels out
puts. Polarization control device 9 may be utilized to con
trol and match the polarization offset of the linearly po
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larized FSS signals with respect to the satellite position. 
In another preferable application the combining and 
phasing blocks 20 may be used to provide the needed 
signal polarization tilt, which could obsolete the need of 
additional polarization control device 9.
[0082] A low cost gyro sensor block 36 in some em
bodiments may be variously placed, i.e., on the one of 
the receive panel’s backs and may be utilized to provide 
information about the platform movement to the digital 
control unit 32. The digital control unit 32 controls all mo
tors for beam steering in azimuth and elevation, polari
zation controlling devices 25 and 9, phase combining 
and phase control blocks 20, comprising interfaces to the 
gyro sensor block 36 and indoor unit 14. In another pref
erable application an additional gyro sensor 38 may be 
attached to the back of the transmit panel 1 in order to 
provide information about the dynamic tilt angle of the 
platform needed for the dynamic correction of the polar
ization mismatch error.
[0083] In another preferable application a GPS receiv
ing module 35 may be used to provide information of the 
exact position of the antenna to the CPU block 32. The 
information may be variously used, for example to cal
culate the exact elevation angle with respect to the one 
preferred for the communication satellite. It may also be 
used to reduce the initial time needed for satellite acqui
sition. In another preferable application, the information 
may be used for the calculation of the signal polarization 
tilt, given the information for geographical position of the 
antenna provided by the GPS module 35 and the position 
of the preferred for communication satellite.
[0084] The diplexer and power injector unit 23 may be 
variously configured and may include a diplexer 6 for 
splitting intermediate frequency transmit signal in Lband 
and high frequency receive signal in Ku band delivered 
through the common broadband rotary joint device 19, 
power injector 3 biasing the BUC device 24 and a internal 
10 MHz reference source. In another preferred applica
tion the reference source may be delivered by the satellite 
modem 202.
[0085] The static platform comprises DC sleep rings 
16 in order to transfer DC and digital control signals to 
the rotating platform, static part of the RF rotary joint 19, 
azimuthally movement mechanics, azimuth motor33, the 
azimuth motor controller 28, diplexer and power injector 
unit 26, and LNB 2 down converting the received signal. 
The diplexer and power injector unit 26, comprises 
diplexer 21 combining the IF transmit signal in L band 
and received high frequency signal in Ku band to transfer 
through the same broadband rotary joint 19, power in- 
jector27 providing bias to the LNB 2 and voltage inverting 
circuit 31.
[0086] Indoor unit 14 may be variously configured to 
include power supply unit biasing Outdoor unit 201. In 
another application, the indoor unit may be combined 
with the satellite modem 202 and a WiFi interface 300 
with the communication equipment installed in the vehi
cle. It may also communicate with equipment and per

sonnel external to the vehicle, for example, located within 
3000 feet from the vehicle. In this manner, a subnet may 
be established.
[0087] Fig 7 illustrates an example of receiving flat an
tenna panels. In one preferred embodiment of the inven
tion, two large 5 and one small 7 panels are used. The 
panels may be variously configured such as comprising 
a plurality of radiating two port antenna elements ar
ranged in a Cartesian grid, two independent combined 
stripline-waveguide combining circuits. The combining 
circuits may be configured to combine independently the 
signals received by the horizontal and vertical excitation 
probes of all panel radiation elements, providing the 
summed signals to two independent panel outputs. They 
may also be configured to combine the signals further, 
coming from the panel’s outputs with properly adjusted 
phase and amplitude by combining and phasing blocks 
20. In another preferred embodiment in polarization con
trol module 9 it is possible to select the preferred appli
cation signal polarization. The polarization could de cir
cular -Left Hand (LHCP) or Right Hand (RHCP) or linear 
-vertical (V) or horizontal (H) or tilted linear at any angle 
between 0 and +/-90 degrees.
[0088] Fig 8 illustrates an example of the transmit pan
el 1. In the shown embodiment, the transmit panel com
prises plurality of patch radiating elements. In others pre
ferred embodiments, the radiating elements maybe ra
diating apertures, dipoles, slot or other type of low direc
tivity small size antennas.
[0089] Fig.9 illustrates an example of an elevation me
chanic and elevation motor 37. In the embodiment 
shown, the elevation control to each one of the panels 
(transmit and receive) is provided using a separate step 
motor arranged on the back of the panel and a proper 
elevation mechanic. In another application, a common 
motor for the elevation movement of all antenna panels 
may be used. The elevation mechanics in case of the 
application should provide the possibility to synchronize 
the elevation movement of all panels.
[0090] Fig. 11 illustrates an example of a GPS module 
35. In the example, the module provides information 
about current geographical position of the antenna to the 
main CPU board 32. The information may then be used 
for calculation of the elevation position of the satellite in 
order to minimize the initial acquisition time. In another 
application, the information may be used to calculate the 
polarization tilt corresponding to the position of the an
tenna and the position of the preferred communication 
satellite.
[0091] Fig. 13 illustrates an example of a static plat
form. In this example, the diplexer and power injector 
device 26 may include diplexer 21, power injector 27 and 
voltage converter 31. In this example, the diplexer 21 
combines the intermediate transmit signal in L band and 
high frequency received signal in Ku band. This config
uration may facilitate the transfer between rotating and 
static platforms using the single broadband rotary joint 
19. In this way, the diplexer may provide the transmit
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signal, having intermediate frequency in L band through 
rotary joint to the block-up converter 24, situated on the 
rotary platform and in the same time Ku band received 
signal to the LNB 2.
[0092] Fig 14 illustrates an example of the diplexer and 
power injector device of the exemplary rotating platform 
23. The diplexer and power injector device comprises 
diplexer6, power injector 3 and internal 10MHz reference 
source 22. The diplexer 6 combines the intermediate 
transmit signal in L band and high frequency received 
signal in Ku band in order to be transferred between ro
tating and static platforms using one and the same broad
band rotary joint 19.
[0093] Fig. 15 illustrates an example of an azimuth mo
tor control board.
[0094] Fig 16 illustrates an example of a CPU board.
[0095] Fig 17 illustrates an example of a broadband 
rotary join device 19. The rotary joint provides RF con
nection between rotating 11 and stationary platforms 13 
of the antenna terminal. The RF connection comprises 
transmit signal with intermediate frequency in L band and 
high frequency received signal in Ku and/or Ka band. 
The slip rings 16 provide the DC and digital signal con
nections between rotating 11 and stationary 13 platforms. 
In embodiments where electronic steering is utilized, no 
rotary joint may be required.
[0096] Fig 19 illustrates an example of the gyro sensor 
block 6. The gyro sensor block comprises two gyro sen
sors providing the information for platform rotation in az
imuth and elevation.
[0097] Fig.20 illustrates an example of an azimuth mo
tor 33 and azimuth motor control board 28.
[0098] The components shown in detail in Figs. 5-21 
may be integrated into one or more application specific 
integrated circuits. In particular, integration of the elec
tronics into one or more application specific integrated 
circuits reduces costs and increases reliability. This can 
have significant advantages particularly when deployed 
across many vehicles in price sensitive applications or 
deployed in harsh environments such as military appli
cations.
[0099] Fig.21 is schematic illustration of an exemplary 
embodiment of the signal flow through various compo
nents on the Rx and Tx sides, including an illustration of 
signal transferring between rotary and static platforms of 
the ODU through a single broadband rotary joint. In this 
example, the Rx signal goes out from the output of the 
received active panels 5,7. The signals may then be com
bined by the active combining devices 20. In this exam
ple, the combining is in parallel with proper phase and 
amplitude of the Rx signals set in order to achieve the 
desired polarization tilt. Again in this example, the signal 
is combined with the intermediate frequency Tx signal in 
L band in the diplexer 6 and transferred trough the single 
broadband rotary joint 19 to the static platform 13. On 
the static platform 13 the Ku band Rx signal may be sep
arated from the Tx L band signal by the diplexer 21 and 
down converted by a LNB 2 to an intermediate frequency

in L band. The intermediate Rx signal may then be trans
ferred by a separate coaxial cable to the satellite modem 
202 in the vehicle. From the other side in this example, 
the Tx signal coming from the satellite modem 202 with 
an intermediate frequency in L band is transferred 
through a cable to the static platform 13 and then com
bined with the Rx signal in Ku band in the diplexer 21 in 
order to be transferred through the common broadband 
rotary joint 19 to the rotating platform 11. On the rotating 
platform 11 again in this example, the Tx signal is sepa
rated from the Ku band Rx signal using the diplexer 6 
and then upconverted by a BUC 24 in Ku band. Contin
uing with the example, the upconverted Tx signal may 
be transferred through the polarization control device 25 
in order to adjust the polarization tilt. The Tx signal may 
then be delivered to the transmit antenna inputs.
[0100] Fig.22 illustrates an example of the equipment 
which may be disposed inside the vehicle according to 
the embodiment of the invention. The equipment in this 
example comprises an Indoor unit 14, Satellite modem 
202, WiFi router 300 and/or Voltage converter 205. The 
Indoor unit 14 may be variously configured such as pro
viding the bias voltage to the Outdoor unit and control 
signal for the selection of the satellite preferred for com
munication. In the example, the satellite modem proc
esses the digital communication signal, coming from the 
computer or other communication devices and transfers 
them to Rx and Tx intermediate signals in L band. In one 
preferred application, a WiFi router 300 may be used for 
a wireless interface with the computer or other commu
nication equipment. In the example, the voltage converter 
205 is an off- the- shelf device for transferring 12V DC 
power supply from the vehicle battery to 110V AC used 
to power the satellite modem 202. Of course, a 12 or 24 
volt system could also be utilized.
[0101] Fig 28 illustrates one preferred application of a 
semi-electronic scanning antenna. The antenna beam is 
steered electronically in elevation and mechanically in 
azimuth. In this example, antenna may be flat on the ve
hicle roof, reducing the overall height of the antenna ter
minal (below 2.5"). In this example, the antenna terminal 
comprises static platform (antenna case base) 401 and 
rotating platform 402. An antenna panel 410 may be sit
uated on the rotating platform 402. The antenna panel 
410 comprises two array antenna apertures: receive an
tenna aperture 403 and transmit antenna aperture 405.
I n another embodiment, the same array antenna aperture 
is utilized for transmit and receive and may include a 
plurality of broadband radiating antenna elements. The 
antenna panel 410 may be configured to include several 
flat layers which comprises radiating antenna elements, 
combined microstip/waveguide low loss combining net
works, amplifiers, phase controlling devices, up and 
down low-profile converters, gyro sensors and digital 
control unit. In these embodiments, since the antenna 
may scan electronically only in the elevation plane, the 
radiating elements may be grouped initially by rows. In 
this manner, the system may apply the phase control to
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the entire row in the process of scanning, reducing sig
nificantly the number of amplifiers and phase controlling 
devices (compared with the full electronically steering 
option).
[0102] In another exemplary embodiment, when the 
field of view in the elevation plane is limited to 50 - 60 
degrees, it is possible to combine two rows, which may 
benefit from the additional reduction of the number of 
amplifiers and phase controlling devices. In one embod
iment, the static platform 401 comprises azimuth motor 
and azimuth motor controller 407, power supply unit 409 
and a static part of the rotary joint 406. In another em
bodiment the static platform 401 may comprise GPS 
modules gyro sensors, digital control unit or block-up 
converter. The static 401 and rotating 402 platforms may 
or may not be connected through rotary joint 406. Where 
arotaryjoint is used, the rotaryjoint 406 provides transmit 
and receive signals, power supply and digital control sig
nals. In one preferred application a dual rotaryjoint may 
be used to provide transmit and receive signals between 
the two platforms independently, and slip ring for DC and 
digital signals. The static platform (antenna case base) 
may also include antenna radom 411 attachment me
chanics and a set of brackets 412 for proper mounting 
on the vehicle roof. The antenna radom 411 provides a 
proper environment protection as well as an antenna 
shielding against small arms attacks.

Two-way full electronic scanning antenna application

[0103] Another embodiment is a fully electronic scan
ning antenna. The antenna comprises the plurality of ra
diating element, feeding networks, amplifiers and phase 
controlling devices, which are able to control properly the 
phase of each one of the antenna radiating elements in 
order to achieve full electronic beam steering. The full 
electronically scanning antenna may comprise two inde
pendent receive and transmit array antenna apertures or 
in another preferred embodiment to have one and the 
same antenna aperture fortransmit and receive compris
ing the plurality of broadband antenna elements. The an
tenna terminals in case of full electronically steered an
tenna may include a multilayer antenna panel and an
tenna box. The antenna box may comprise a radom for 
environmental protection and for proper mounting on the 
vehicles. Where a multi-layer antenna panel is utilized, 
it may include all antenna electronic parts. The radiation 
antenna elements may be arranged on the top layer of 
the antenna panel, while the feeding networks and low 
noise amplifiers are situated on the intermediate layers. 
In one embodiment, the phase controlling devices, final 
combining networks, and low profile down and up con
verting devices are arranged on the bottom layer of the 
antenna panel. In another embodiment, the antenna pan
el comprises the digital control unit, gyro sensors and 
GPS module. The exemplary embodiments described 
above may be configured to enable a fully electronic 
steerable antenna is much more reliable, since it does

not include any moving parts. Another important advan
tage of the preferred application is the highest possible 
speed of tracking limited only by the speed of electronics.

Ruggedization for Military Applications

[0104] A consideration for military applications is the 
radom design and ruggedization. For military applica
tions, it is often useful to use special materials and de
signs. One example is the use of LEXAN plastic. RaySat 
has employed a variation of this design for train environ
ments. The material is very strong and has a good trans
parency for RF signal. By increasing the thinkness, the 
LEXAN plastic may be designed to be thick enough and 
correspondingly very strong (around quarter wavelength 
6-8 mm in Ku band). The thickness may be selected to 
account for the best tradeoff with respect to different fre
quencies used in the transmit and receive, since the fre
quencies are in different bands 11.9 -12.7 for Rx and 14 
-14.5 for Tx. Another embodiment is to use more expen
sive radoms, specially designed for military applications 
based on plastic with ceramic filing or other proper ma
terials. LEXAN material may be used in the bullet pro
tection jackets. Similar other materials with good bullet 
protection and satellite signal transparency may also be 
used.
[0105] Two antennas on a single vehicle may be used 
to improve the reliability of the system. Something in ad
dition, if the distance between antennas is large enough 
(having in mind application on the long vehicles, buses, 
trains etc.), it will reduce significantly the communication 
interruptions due to the shadowing (blockage) from build
ings, trees and other obstacles.
[0106] Further, spread spectrum may be implemented 
dependent on the satellite modem utilized. If spread 
spectrum is utilized, it may be accommodations may 
need to be made to accommodate more vehicles such 
as increasing the number of transponder frequencies.

Speed of Tracking

[0107] The system as it is now could easily achieve a 
tracking speed of 40 deg/s in elevation and 60 deg/sec 
in azimuth, which is more than enough for tank applica
tions. For military application it is important to implement 
dynamic adjustment of the polarization tilt when the tank 
is driving over rough terrain. For that purpose a third gyro 
on the back of the transmit panel may be utilized imple
mented. The gyro may provide the CPU information for 
the dynamic tilt change compensation due to the vehicle 
movement around the axes normal to the surface of the 
antenna panels. The initial polarization tilt angle (when 
the vehicle is standing of a flat horizontal surface) is cal
culated by CPU having the information forthe geograph
ical position of the antenna, provided by GPS module 
and the position of the satellite preferred for communi
cation.
[0108] In exemplary embodiments, the Antenna may
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be mounted in a way that provides a clear view to all 
elevation and azimuth angles covering the desired field 
of view. In one embodiment, a good way to connect the 
terminal with the equipment inside the vehicle is a cable 
connection. The described configuration may use 2 RF 
cables (for Rx and Tx) connection with the satellite mo
dem and one additional cable for DC and digital commu
nication with the indoor unit. Wireless connection can be 
problematic in certain military environments and could 
be detected relatively easily by the enemy reconnais
sance.

APPLICATIONS OF LOW PROFILE TWO-WAY KU 
AND/OR KA BAND ANTENNAS

[0109] The low profile Ku and/or Ka band two-way an
tennas described herein may be utilized in any number 
of applications. For example, low profile Ku and/or Ka 
band satellite antenna may be utilized in military vehicles. 
In one application, communications "Comm" on the move 
is implemented allowing a tank or other military vehicle 
to stay in constant high speed data communication with 
a command center and other assets under control of a 
lead vehicle (e.g., other tanks in the same brigade). In 
Comm on the move applications, the military vehicles 
receiver may be configured to include a low profile Ku 
and/or Ka band antenna positioned somewhere on the 
military vehicles so as to minimize any damage to the 
antenna. In exemplary embodiments, the low profile an
tenna may be located on the top of the vehicle, such as 
shown in FIGS. 23 and 24. The antenna needs to be 
sufficiently high on the vehicle to avoid water damage 
when fording lakes or rivers as well as to maintain a clear 
line of site to the satellite. Additionally, the antenna needs 
to be mounted such that it can be protected by the armor 
ofthetankfrom  attack. An enemy will normally target the 
communication and targeting portion of a tank because 
these portions are most susceptible to attack by small 
arms fire and shoulder mount projectiles such as RPG 
rockets.
[0110] The low profile for the satellite antenna is of 
particular importance in military applications. For exam
ple, an enemy will often target the communication vehi
cles and thus, knock out the communication of a column 
or military unit so that it cannot communicate with Com
mand Center. Thus, satellite antennas (such as current 
dish or parabolic shaped antennas) are immediately 
knocked out by enemy positions and anyone having such 
an antenna is targeted. The low profile antenna allows 
the antennas to be integrated into every military vehicle 
and integrated in such a mannerthat they are not obvious 
and in fact; do not stick out from the vehicle. The low 
profile can actually be integrated into the armor in such 
a manner, as to conceal the communication vehicle’s an
tenna from the enemy. Additionally, the antenna can be 
protected with a Kevlar or other type of covering, so that 
the antenna will withstand shrapnel and certain low-im
pact military projectiles.

[0111] A low profile Ku and/or Ka band antenna can 
be shielded from attach by mounting the antenna on the 
top of the tank and/or by including armor around the an
tenna. In addition, the antenna can be covered with a 
substance such as Kevlar (or other similar substance 
such as is used in bullet proof vests) that transmits elec
tromagnetic waves while at the same time providing sub
stantial impact resistance to projectiles.
[0112] In still further embodiments, the low profile two- 
way Ku and/or Ka band antenna may be integrated into 
the hatch or other similar mechanism to provide for min
imal cost retrofit applications for existing military vehicles.
[0113] The applications forthe low profile Ku band an
tenna on the military vehicles include such applications 
as logistical information and tactical information. With re- 
spectto logistical information, for example, data concern
ing the status of the vehicle may be communicated back 
to the command center. Currently, the Abrams tank al
lows the driver to monitor gas levels, oil pressure levels, 
temperature readings, and other similar status informa
tion. This information could also be sent to the centralized 
command center so that the center can determine the 
operational status of each of its assets in the battle field. 
Such status could not only include the gas level of the 
vehicle, but also other logistic information such as the 
number of shells remaining in the vehicle; any repairs 
that may be desired of the vehicle such as air filters or 
other routine maintenance items. The status of the vehi
cle including the type of repairs that are desired can be 
sent up via the satellite link directly into a logistics center 
so that logistics and other support vehicles and/or sup
plies can be dispatched to the military column and/or ve
hicle to supply the vehicle.
[0114] In addition to support items such as logistics, 
the tank crew could also send and receive E-mails and 
access various network resources and the internet. In 
this manner, the tank becomes the mobile home for the 
tank crew so that even if they are stationed at a remote 
outpost in the desert, they can have full high speed data 
communication with their tank command and/or loved 
ones.
[0115] In still further aspects of the invention, the two- 
way low profile antenna can provide during times behind 
the lines entertainment data to the troops. For example, 
in addition to: logistic, tactical, and on-site information; 
entertainment information such as USO broadcasts or 
messages from the General or President of the Country 
maybe directed atthe troops. Additionally, movies, train
ing films, tactic updates, and/or other announcements 
from the commander or other information with home such 
as: e-mail and/or video information allow the troops to 
stay in touch and keeps moral at a high level.
[0116] In addition to logistic information, tactical infor
mation can be supplied to and from the vehicle such as, 
for example: live video feed from the front of the vehicle 
so that a commander stationed at a central location (e.g., 
in Florida) can watch in real time the development of the 
battle from the tank commander’s perspective. Further,
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the complement of the tank crew might even be able to 
be reduced by having targeting and other operations tak
en overby remote control. Rather than a four man crew, 
the tank might be able to operate with a two man crew 
with the remaining functions being controlled remotely.
[0117] The movement of the vehicle, its current posi
tion, readings from its thermal imaging cameras and tar
geting systems and other tactical information could be 
transmitted from the vehicle to a centralized location. For 
example, any information that the vehicle may have con
cerning its current tactical position acquired targets, GPS 
information from the vehicle, and/or the current targets 
and hits the vehicle has recorded may be transmitted to 
a centralized location. The centralized location may have 
real-time and/or satellite/plane imagery to overlay the 
tactical information form the field assets (e.g., a tank) to 
develop a better picture of the battle field. This satellite 
imagery including the tanks or other vehicles positions 
(including enemy vehicles position) can then be overlaid 
on satellite imagery in the tank or at a centralized location. 
This allows the tank commander and/or any remote com
mand center a complete picture of the battle field. In ad
dition, this tactical information may also provide certain 
status information of the vehicle (such as whether the 
vehicle is alive or dead or whether a vehicle has been 
damaged due to a bomb or other shell or impact). Thus, 
the tactical commander can have immediate up-to-date 
information on all of its assets in the field.
[0118] Currently, many military and civilian applica
tions include Ku band antennas. However, it is not limited 
to such. For example, Ka band antennas are fully con
templated by the present application and in fact, use of 
Ka band will shrink the current dimensions of the present 
antenna by 80% in every dimension of what it is today. 
Further, the use of fully electronically tunable antennas 
which are completely integrated allow for rugged military 
applications and quick steering over very rough terrain.
[0119] In some exemplary embodiments, a mechani
cal azimuth and elevation adjustments results in approx
imately a 15 cm height. While this is a low profile Ku 
and/or Ka band antenna, there are additional optimal de
signs which may actually improve the height profile of 
the antenna. In other embodiments, the semi-electronic 
version having a 5 cm height in which the mechanics are 
in azimuth butthe elevation tracking is done electronically 
rather than rotating the phase-to-ray panels. By use of 
electronic tracking rather than manual rotation of the 
phase-to-ray panels, the only mechanics is the rotation 
of the platter; thus vastly increasing the reliability of the 
overall product. Further, still further embodiments of the 
invention, a fully electronically steerable antenna which 
has a height of approximately 2.5 cm may be utilized. 
The fully electronically steerable antenna has substantial 
advantages over the other designs in that the speed of 
tracking is virtually unlimited (only limited by the speed 
of the electronics). Further, the reliability is substantially 
enhanced such that, it can be used in very difficult and 
intense environments often encountered by the military.

Thus, with the fully electronically steerable module it may 
be integrated in one or preferably multiple locations on 
a military vehicle. Where multiple antenna are located on 
the vehicle, they may be arranged such that they are 
redundantto increase the difficulty in an enemy knocking 
out the antenna. Further, a back-up antenna may be lo
cated on the underside of a hatch such that the tank can 
simply open the hatch or slide over an armor cover to 
reveal a back-up antenna. In this manner, communica
tions may be retained even after an enemy has attempted 
to target the communications of the vehicle. In addition 
to the reliability improvements, the weight of the fully elec
tronically steerable module is also substantially reduced 
allowing the module to be utilized in helicopter, airplane, 
and fighter jet applications. Additionally, the the profile is 
shrunkto a level where it is undetectable by enemy troops 
and placed in a difficult location to target.
[0120] In addition to logistic data, communication ap
plications, and tactical data fed backand forth from a cen
tral command center, there is also targeted information 
data sent to a specific vehicle in the battlefield environ
ment. For example, using the low profile Ku band or Ka 
band antenna, it is possible to provide a tank commander 
in real-time a satellite overview picture showing the tank 
commander’s tank imposed on a satellite image of the 
current surrounding of the tank together with information 
providing overlay on the satellite image of all the other 
tanks on the battlefield, to which the tank commander is 
in charge, as well as the enemy tank positions taken via 
infrared photos. In this manner, a tank commander will 
know what’s over the other hill before he actually com
mands his tanks and troops to progress over that hill. He 
can target enemy tanks that cannot even see the tanks 
of the tank commander. By using the natural trajectory 
of the tank’s shells, the tank commander can use build
ings, trees, and other terrain to hid from enemy tanks 
while at the same time using air plane and satellite im
agery (including infared imagery) coupled with GPS cor
relation to the imagery to target tanks, positions, and oth
er enemy assets that cannot even see the tank. Further, 
the tank commander as well as all of the other units under 
the tank commander’s command cam know precisely 
where each other are relative to their own tank so as to 
prevent friendly fire incidents.
[0121 ] Additionally, the data provided to the tank com
mander (the targeted information specific data), can be 
disabled upon any vehicle falling into enemy hands. In 
this manner, a video inside the tank and/or an explosion 
indicator will immediately signal the central tank com
mand that a vehicle has been taken over; and that vehicle 
will be eliminated from any targeted information specific 
to that vehicle so that it will not be utilized by enemy 
hands. Additionally, a mechanism such as a key-removal 
or a clear mechanism will be provided to the troops so 
that if they are in danger of falling into enemy hands, they 
can push a button and clear access to targeted specific 
information.
[0122] The on-site networks 201a may include a local
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area network located within a command center, a wire
less network between vehicles and/or ground troops lo
cated, for example, within 3,000 feet of one another, a 
Bluetooth network for allowing voice communications 
from ground troops and/or individuals in the command 
center, Internet connectivity, connectivity to various mil
itary databases, maps, parts, and logistic ordering infor
mation. The network 206 may be configured to include 
any ATM/frame relay, cell relay, sonnet net, Internet, Ar
panet, and/or other military and intelligence network. In 
this manner, on the network side of the communication 
link, many entities may utilize the same date (e.g., tar
geting data, video data, logistics data, command and 
control data) originating from the particular vehicle at the 
other end of the link simultaneously. Additionally, anten
nas on the vehicles may collect radio and/or data from 
enemy transmission for relaying back to a centralized 
intelligence facility for assessment. Where the transmis
sions are in a foreign language, they may be forwarded 
to a centralized translation facility for assessment. In one 
embodiment, a security agency or other centralized site 
can use the military vehicles in the field to monitor, de
crypt and/or decode enemy transmissions. In still further 
embodiments, a battlefield commander at a remote lo
cation may monitorthe view ofthecommanderfromeach 
asset (e.g., vehicle) to assess the battle field or disaster 
area situation for his or herself. This view may be record
ed and/or routed simultaneously to a variety of organiza
tions such as the tank commander of the brigade on site, 
a remote command center monitoring the progress of the 
battle, an intelligence organization, logistics, artillery, air 
support, navel vessels, etc., which all may use the same 
data either at the same time or at a later time to derive 
intelligence data, ensure that bombs/shells are not being 
dropped on friendly positions, that the correct assets 
such as tanks, artillery, bombs, mortars, supplies, am
munition, tanks, and other assets are routed to the posi
tions were they are most needed. The advantage of the 
network connections 206 is that the battlefield command
er decision may be augmented by information obtained 
and processed from many other assets on the battle field 
including plane and satellite images (infrared, graphic, 
etc.), intelligence data, and/or logistic data. Many organ
izations can have access to huge amounts of data from 
every military vehicle in the field and make informed de
cisions about the battlefield management plan.
[0123] A centralized command center can be estab
lished which may have large LCD/Plasma screens filling 
the walls. In this command center, a commander can 
view satellite images/maps of all of his assets. Using a 
cursor, the commander may zoom in on any one area of 
the battle field and immediately assess the number of 
vehicles disabled, the number remaining, the location 
and type of all of the vehicles, and even zoom to the level 
of seeing precisely what the commander of the vehicle 
is seeing out of his window by simply clicking on the ve
hicle. Still further, by clicking on the command group icon, 
the commander may see a mosaic of the views from all

of the command vehicles on the screen. Any one of these 
views may be selected and blown up. Cruise Missies, 
mortors, shells, bombs (including smart bombs), may be 
targeted in the area where any vehicle and/or command 
is facing stiff resistance. In addition, the commander may 
monitorthe position, movements, and commands on the 
ground to ensure that the orders from the centralized 
command are being carried out correctly.
[0124] In still further embodiments of the command dis
play, the commander may view a satellite image of the 
battle field from above, but may also have a three dimen
sional view by rotating his angle of view down to the view 
being seen by each of the assets in the field. Further, 
software may use the GPS coordinates together with a 
direction indicator from the vehicle to determine where 
the camera in the vehicle is pointing. By aggregating the 
camera images from each vehicle using software, the 
commandermayseeaviewaroundthe room of the entire 
battle field from every angle available from any vehicle. 
These may be concatenated together so that overlaps 
are eliminated and every angle is covered.
[0125] Using the combined GPS, video, and/ortarget- 
ing data from each of the vehicles (e.g., by marking ve
hicles that are on the front line and using range finders 
located within the targeting systems) the command cent
er, command center software, and/or intelligence analy
sis organization may determine the boundary of the en
emy’s front lines and troop strength. This information may 
then be relayed simultaneously to each of the assets in 
the field such as artillery, navel vessels, helicopters, 
cruise missile launchers, rocket launchers, planes, and 
drones to target fire on the enemy positions. An intelli
gence center or software may determine which assets 
have the most ammunition and range to reach the desired 
enemy lines and then direct those assets based on a 
knowledge base to target the appropriate location. Other 
assets (e.g., missiles and planes) could target areas that 
are out of range for other assets.
[0126] Additionally, the enemy line finder being han
dled by the network 206 side of the battlefield manage
ment may supply data to close air support such and other 
aircraft. In this manner, an aircraft has position data on 
all friendly as well as all enemy positions. The close air 
support can also include the blast radius of the bomb 
they are planning to drop to ensure the friendly troops 
are outside the blast radius. The blast radius and there
fore the targeting coordinates can be modified depending 
on type of ordnance being dropped. For example, a 5000 
pound bomb will have a different blast radius from an 
artillery shell. The software can automatically determine 
the target location for the particular ordinance being uti
lized taking into account the enemy position, the friendly 
asset position, as well as the distance and terrain be
tween the two. Thus, if a mountain, hill, or building sits 
between the friendly asset and the enemy, a closer tar
geting proximity may be selected. Flowever, if the enemy 
is too close to the friendly position, a location behind the 
enemy may be selected so that the deadly range encom
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passes the enemy, but not the friendly position. Since all 
of these decisions may be made in real time and com
municated to all of the assets in realtime, software assist 
and artificial intelligence routines may be utilized to ac
complish this task.
[0127] An important aspect of the present invention is 
that the low-profile Ku and/or Ka band antenna is satellite 
agnostic. This is particularly advantageous in a military 
environment such that, wherever a vehicle is deployed 
in the world, a GPS signal will immediately inform the 
vehicle where to lock on to certain signals. Additionally, 
for example, the logistic signals may be provided by a 
first satellite and the tactical signals may be provided by 
a second satellite and the on-site information signals may 
be provided by a third satellite. Thus, a single vehicle is 
not limited to a particular satellite but in fact, may scan, 
alter, and change the satellites to which it is connected 
depending on the current location of the vehicle coupled 
with the type of information the vehicle which is to receive. 
This also provides redundancy if one satellite is being 
jammed or if an enemy has knocked out a satellite.
[0128] In addition to being agnostic to various Ku 
and/or Ka band satellites, the advantage of the present 
system is that it may use satellites that are in an inclined 
orbit (in other words, orbiting about the equatorial plane 
in a figure-eight shape). Because the present antenna is 
able to track the satellite very inexpensively it is able to 
trackthe figure-eight shape of the antenna and therefore, 
use satellites at the end of their life (for example, a typical 
satellite may be utilized for a period of approximately 10 
years). However, for an additional five years a satellite 
may be in an inclined orbit and the present invention al
lows the satellite to be used for an additional five years; 
thus, increasingthe life ofthesatellitefrom 10to 15years. 
This has the advantage of: a.) that the satellite segments 
space is less expensive during the remaining five years 
or the last five years of the satellite life. Additionally, in 
military applications it may be advantageous to have a 
satellite that is not in a stationary orbit but in fact, moves 
about in position, such that that satellite is more difficult 
to destroy.
[0129] Another application for the low-profile Ku an
tenna is for emergency communication for first respond
ers in a disaster relief situation. In this environment, a 
vehicle and/or helicopter and/or mobile communication 
center transported via helicopter and/or vehicle is 
equipped with a low-profile Ku and/or Ka band antenna 
to replace the terrestrial infrastructure which is often not 
present after a disaster. In this way, the mobile infrastruc
ture and/or vehicle may be connected to, for example: 
the Red Cross, the military, and other government dis
aster relief organizations such that appropriate food, 
shelters, and other materials may be transported to the 
appropriate locations under command and control from 
the emergency communication center. Additionally, the 
government may monitor the movement of food, sup
plies, and other equipment in and out of the disaster relief 
as well as review satellite photos of the region which re

flect any impacts to the region and locate stranded and/or 
missing personnel by virtue of the satellite photos. The 
personnel who are in trouble may be instructed to mark 
thetopoftheirhouses, buildings, orotherlocations where 
people are present with a large white ’X’ which may be 
seen from a satellite photo. The satellites may be taken 
of the disaster area and beamed back to the central emer
gency communication center for dispatch of personnel 
to rescue the individuals who are stranded. Upon rescue 
the white ’X’ is therefore, blacked out so that it is not 
reapproached.
[0130] The present application includes any novel fea
ture or combination of features disclosed herein either 
explicitly or any generalization thereof. While the features 
have been described with respect to specific examples, 
those skilled in the art will appreciate that there are nu
merous variations and permutations of the above de
scribed systems and techniques. For example, each of 
the aspects of the invention in the summary of the inven
tion may be combined with each other and/or with as
pects and embodiments of the invention described herein 
in any combination or subcombination. Thus, the spirit 
and scope of the application should be construed broad
ly-

Mobile Medical Services For Disaster Relief and/or Mil
itary Field Hospitals

[0131] Currently, mobile field hospitals, ambulances, 
and rescue helicopters use a radio to communicate the 
patient’s condition back to the home base/hospital and 
then to receive instructions based on the conditions con
veyed. Alternatively, the ambulance/medic uses a check 
list to render services. Even where a doctor is on the 
other end of the line, the doctor has no way to observe 
the patient or the situation from a remote location. Thus, 
his examination is delayed until the patient arrives. Thus, 
tests and other procedures are also delayed until after 
this initial diagnosis. The low profile two-way concept al
lows the doctor(s) at the hospital the ability to monitor 
remotely medical conditions and view the patients to help 
guide critical care situations in the hands of a medic. It 
is not always possible to have all the doctors you need 
on-site and a two way high speed connection can allow 
more highly valued personnel to remain in one location 
while delivering critical care services through surrogates 
in many locations. For example, if afield unit has a broken 
leg or othersuch injury, the medic using a man-pack two- 
way apparatus can receive more detailed instructions via 
a video conference with a doctor back at a field hospital.
[0132] An extension of the same concept could be 
used for field repair of tanks and other equipment. Cur
rently, the military has mobile machine shops that are 
assigned to logistics units. They have all the parts, elec
tronics, and equipment to fix and maintain portions of the 
battlefield equipment. However, it is impossible to expect 
the mechanic assigned to the machine shop to be an 
expert with respect to all of the equipment. This same
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concept would allow a group of experts to assist in the 
repair of very complex systems in which the individual 
mechanics lack expertises. A helmet mounted camera 
and an earpiece (on the mechanic or medic) would allow 
a remote expert to walk the mechanic/medic through the 
repair. This is the same concept as above except extend
ed to the repair of another type of system (mechanical 
as opposed to organic).
[0133] Additional applications for the two-way low pro
file mobile satellite antenna include dynamic navigation 
system where the terrain, enemy position, friendly forces 
positions, mine fields and other data are continuously 
updated to the vehicle.
[0134] Additionally, video file sending and receiving 
capability (Include recording) may be implemented. Fur
ther, the vehicles may have integration with other terres- 
rerial technologies such Cellular, WiFi and WiMax. 
Futher, the vehicle may broadcast information via re
transmitting or a remote user may send information such 
as video back to a community of users.

Claims

1. An apparatus comprising a low profile two-way Ka 
and/or Ku band antenna assembly for use on moving 
military and/or civilian vehicles.

2. An apparatus according to claim 1, wherein said an
tenna assembly comprises a plurality of flat panel 
antennas.

3. An apparatus according to claim 2, wherein at least 
two of said flat panel antennas are of differing sizes.

4. An apparatus according to claim 2 or 3, comprising 
means for adjusting the separation between said flat 
panel antennas.

5. An apparatus according to any of the preceding 
claims, wherein said antenna assembly is arranged 
to transmit linearly polarized signals.

6. An apparatus according to claim 5, comprising one 
or more dual port radiating elements.

7. A vehicle comprising an apparatus according to any 
of the preceding claims.

8 . A method comprising tracking of satellites using a 
low profile Ka and/or Ku band antenna for use on 
moving military and/or civilian vehicles.
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2-Way EU Terminal {external modem option) /

Fig, 6
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Fig. 22
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Fig, 27
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Two-way semi- electronic scanning antenna application

Fig, 28
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